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Abstract: Goal 7 of the UN’s Sustainable Development Goals, adopted in 2015, sets out universal
access to affordable, reliable and sustainable energy, but even in developed countries, this is still
difficult to achieve. European comparative studies show that in Mediterranean and Central Euro-
pean countries, including Hungary, access to adequate energy remains a serious problem for certain
social groups. The aim of the study is to examine the inequalities in access to and consumption of
energy in Hungary. We pay special attention to presenting changes over time and examine what
changes have taken place in household energy consumption since the years before the global eco-
nomic crisis. We also explore the major socio-economic and building-related factors that increase
the risk of possible energy vulnerability. For our analysis, we draw on data from a large sample
survey conducted in 2007, 2013 and 2018 on a representative probability sample. Our results showed
on the one hand the fundamental role of different combinations of energy sources used by house-
holds in the intensity of energy consumption, and on the other hand that besides the characteristics
of the property concerned, the energy use and behaviour patterns of households are determined by
the socio-demographic characteristics of the household as well.

Keywords: domestic energy consumption; intensity of energy consumption; building-related
factors; socio-demographic factors; latent profile analysis; Hungary

1. Introduction

Perhaps it is no exaggeration to say that by the 21st century, access to energy has
become one of the most decisive aspects of welfare. The proper temperature and lighting
in one’s home is a fundamental need, a; consumers use a number of electrical and other
types of energy-powered appliances and devices to make daily life easier [1]. Besides,
different energy sources are needed, for example, for cooking, storing food, travel, work
and communication. Goal 7 of the UN Sustainable Development Goals, adopted in 2015,
deems universal access to affordable, reliable and sustainable energy desirable [2]. Ac-
cording to progress indicators of the UN document, the rate of access to electricity has
risen from 83% in 2010 to 90% in 2019. Despite the improvement, 10% of the total global
population, in fact 759 million people, still have no access to electricity [3]. The common
denominator of the several definitions is that energy-poor people and households do not
have access to enough energy to meet their basic needs (keep their homes warm, properly
lit, etc.) [4].

Although complete energy poverty is not typical in developed countries, the propor-
tion of households unable to meet their basic energy needs, such as heating their homes
in winter is considerable [5]. Consequently, the most important area of research on the
chances, possibilities and costs of access to energy has become the study of the context
and explanation of energy poverty. There is no consensus, i.e., a general definition regard-
ing energy poverty; there are several approaches as to how it is to be measured [4,6]. The
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measurement tools used to determine energy poverty are divided into two basic groups—
Expenditure-based Approach and Consensual Approach. Expenditure-based approach
primarily focuses on the correlations between energy expenditures and income, while
Consensual Approach is based on indicators of phenomena related to household energy
use, such as thermal comfort or affordable energy [7]. Other measurements, by combining
these two approaches, form complex indicators trying to capture the phenomenon as com-
prehensively as possible. According to the most common (expenditure-based) approach,
a household is energy poor if the fixed cost of energy needed for providing the right tem-
perature or lighting and operation of the flat represents a high proportion of household
expenditure, i.e., it spends more than a certain percentage of its income on energy. Ac-
cording to Boardman (1990) who created the first widely accepted definition of the energy
poverty the proportions of the energy spending should not be higher than the 10% of the
household’s income. This 10% was near to the median value of the energy cots which was
6% in UK that time [8]. The most widely used indicators in worldwide are based on Board-
man’s definitions. This is particularly true for 2M indicator, which means the share of
energy expenditure (compared to equalised disposable income) above twice the national
median. The other one is M/2 indicator, which refers to absolute energy expenditure be-
low half the national median. The other name for the M/2 is Hidden energy poverty indi-
cator, because it is able to measure households which cut their energy costs. European
Union’s Energy Poverty Observatory (EPOV) apply the 2M indicator to compare EU’s
member states, at the same time it is highly sensitive the national specialties, as the energy
prices and the income levels [9].

The diversity of definitions and measures suggests that energy poverty is a really
complex phenomenon, as it depends not only on the income situation, but also on the
quality and energy efficiency of residential properties, as well as the quality of the energy
sources used [10]. Thus, poor households in terms of income have not only fewer financial
resources to cover their energy costs, but they typically (also) live in much lower quality
property. Besides do not have sufficient funds to implement energy modernization of the
facilities of homes or household either [11]. It is also known from the literature that energy
poverty is determined by multidimensional relationships of social and economic factors,
from individual and household characteristics, through the development of energy prices
to legal regulation. The identification of this group is truly important in terms of social
welfare, a relevant area of the research may be reviewing the differences and access ine-
qualities in the energy use of different social groups.

In Hungary, little research has been conducted on household energy consumption
and inequalities in energy use; the majority of existing studies focuses on energy poverty.

According to research on energy poverty in European Union countries, which exam-
ines member states by composite indices (such as the “European Household Energy Pov-
erty Index”, EDEPI), Hungary ranks last but one in the ranking of European countries,
outperforming only Bulgaria [12] (Figure 1).
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Figure 1. EDEPI Index, Source: OpenExp, 2019. p 4.

The study assessed the energy poverty situation of the poorest income quintiles in
countries from a number of perspectives and took into account the percentage of income
that energy expenditure accounts for; what is the proportion of households unable to heat
their homes properly in winter; what is the proportion of households incapable of cooling
their homes properly in the summer; what is the proportion of households living in poorly
insulated, damp, mouldy properties. Although this analysis addresses only the lowest so-
cial status group and does not give a complete overview of Hungarian society’s access to
energy, it draws attention to the fact that the deprived stratum in Hungary society is al-
most in the worst situation in European comparison: almost 1/3 of households in the low-
est income quintile live in housing conditions of very poor heating (besides, nearly 40%
of their properties are too hot in the summer), who, despite spending a significant part
(almost 2/3 of their low income on energy (on gas or electricity bill), are still unable to
create adequate thermal comfort as their homes are not insulated at all.

Thus, not only do poor households have fewer financial resources to cover their en-
ergy costs, but they typically live in much lower quality property as well, int he meantime,
they do not have enough resources to implement energy modernization of their homes
either [13].

As the national median value of energy expenditures is very high in Hungary (12%),
the surveys are generally considered energy-poor by households that spend more than
30% of their income on meeting their energy needs. Based on this approach, 10% of house-
holds can be considered energy poor in Hungary, and the problem mainly affects single
people living in detached houses [14]. Other Hungarian surveys [15] also point out that in
addition to the type of building/flat and household size, the phenomenon is also strongly
related to flat size: according to their results, the majority of Hungarian energy-poor
households live in flats of 100 m? or bigger floor area. As rural areas, especially small,
settlements are economically disadvantaged and detached houses are generally larger
than flats in condominiums —resulting in higher overhead costs —energy poverty is a ma-
jor issue here.

Energy consumption, including energy poverty, is also determined by the sources of
energy available and affordable to the population. Despite the fact that in 2019 gas was
the most common energy carrier used for heating, less than a tenth of Hungarian settle-
ments (278 settlements) were not connected a gas network, and heating only solid fuel
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(wood and coal) or electricity [13], were available as heating options. Many households
switched to wood heating due to the significant rise in gas prices in the second half of the
2000s. As a result of the overhead cost cut scheme (Act LIV. of 2013t on the Implementa-
tion of the Overhead Cost Cut Scheme) introduced in 2013 to reduce the rise in prices,
household spending fell indeed, but this subsidy did not apply to firewood prices, which
in fact rose by 39% between 2012 and 2018. So, while the overhead cost cut scheme has
helped to reduce gas prices, it has not made it easier for the poorest to afford the heating
methods they use most often.

Thus, in the last decade, more and more attention has been paid to the exploration of
energy poverty and its decisive factors in Hungary, however, this only included the re-
view of households, i.e., the most vulnerable groups, who spend a significant part of their
income on energy. There is a lack of research studying differences in energy consumption
between groups from different social backgrounds. The aim of this article is to explore the
energy use-behaviour patterns of domestic households. It seeks to explore how the com-
bination of different sources of energy used by households correlate with housing-related
factors and socio-demographic characteristics of households.

2. Materials and Methods

Our study focuses on the energy consumption habits of Hungarian households, their
changes over time and their decisive factors. The novelty of our approach is that, based
on the intensity of the types of energy used by households, it examines the different pat-
terns of energy use and behaviour of households, while also taking the technical proper-
ties of flats and buildings and the characteristics of the household into consideration.

Our survey is based on a secondary analysis of three large, representative national
surveys conducted by the Central Statistical Office in 2007 (reference years: 2006; 8974
households), 2013 (reference years: 2012; 9054 households) and the most recent in 2018
(reference year: 2017; 6960 households). The “Household Budget and Living Conditions
Survey” (HKEF) we analysed contains very detailed information on the consumption hab-
its and expenditures of the population, including energy expenditures, but also on the
housing situation and general living conditions. The questionnaire consists of two parts:
a logbook that households keep for one month regarding their income and expenditure,
and a detailed year-end interview collecting information about demography, socio-eco-
nomic situation of the households, housing characteristics, consumption and income. The
databases contain the declared household expenditures at current prices, thus we exam-
ined energy costs based on them. It is the best source available for the examination of
consumption patterns in Hungary.

First, we present the changes in the intensity and structure of energy consumption
over time based on summary indicators on the types of energy used by households. Next,
we examine what homogeneous groups of Hungarian households can be identified based
on the overall use or combination of energy types, and what characteristics these house-
hold types have. Finally, we attempt to explore what socio-demographic factors, in addi-
tion to housing and building characteristics, influence different patterns of energy use and
behaviour in households, and how the impact of each factor changed over the period un-
der review.

Based on the combination of energy types used, different groups of households were
explored using model-based clustering. Given that each of our grouping variables has a
high level of measurement, we used the “latent profile analysis” procedure (LPA) [16], to
create household types (using the Mclust package of the R programming language). Ex-
planatory models were analysed using logistic regression to analyse the factors determin-
ing different energy use-behaviour patterns. Regression analysis was performed using the
STATA 16.1 statistical program.
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3. Results
3.1. Energy Types Used, Heating Methods and Their Cost Ratio

Household energy consumption was reviewed based on the household energy costs
declared in the data sets and the following energy types were taken into account: electric-
ity, (piped) gas, bottled gas, conventional fuels (firewood, coal, briquettes, coke, charcoal,
fuel oil, paraffine) and central heating as well as district.

The average energy costs of households accounted for 13.1% of their total consump-
tion expenditure in 2006, 19.5% in 2012 and 15.8% in 2017. All this reflects the fact that
energy prices set loose during the global economic downturn were a much greater burden
on households than in the years before and after. Based on the change in the median val-
ues of energy expenditures (Figure 2), it is evident that the overhead cost cut scheme in-
troduced by the government in 2013 on the one hand reduced household energy costs,
but on the other hand in the case of conventional (solid and liquid) fuels, which were not
included in the cost cut scheme, energy costs of households increased even more than
piped gas expenditures. In fact, according to the data by the CSO on the average prices of
products [17], while the price of m3/HUF of piped gas reached its peak at HUF 136 (ap-
proximately 0.38 Euro/m?3) in 2012, it then decreased back to HUF 101/m3 (0.28 Euro/m?),
the price of sawn firewood 100 kg/HUF increased from 2240 HUF to 3740 HUF (from
around 6.20 Euro/100 kg to 10.38 Euro/100 kg) between 2006 and 2017.

HUF
350,000

300,000
250,000
200,000
150,000
100,000

50,000

0

— Gas Propane
= == Electricity e District heating
Traditional heating fuel = == Total energy cost
— - S -—— o - _
P -
-
-
-
-
-

2006 2012 2017

Figure 2. Changes in the median values of energy expenditures in Hungary between 2006 and 2017. Sources: Secondary
processing of the National Household Budget Survey 2007, 2013 and 2018.

One of the excellent indicators of energy supply is the quality of heating. The availa-
ble data show that in Hungary individual room heating and the use of an apartment heat-
ing device are the most common (Figure 3a). However, while until 2012 individual room
heating was the most common, by 2017 the proportion of households with (circulating)
appliances providing heating of the entire dwelling is higher, which (may) indicate(s) the
modernization of the stock of flats, the decrease in the share of district heating is also re-
markable, that is probably also due to the modernization of the stock of the flats.
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Figure 3. Distribution of households by means of heating and energy sources used for heating between 2006 and 2017 in
Hungary. Notes: (a) The change in the proportion of households is presented based on the method of heating of the flats
concerned; (b) It shows the change in the proportion of households based on the energy used for heating. Sources:
Secondary processing of the National Household Budget Survey 2007, 2013 and 2018.

Due to data collection problems, we can make only limited comparisons regarding
the interpretation of the distribution of energy sources used for heating, but it can be
established that the most common type of heating during the whole period is gas heating
(60-40% of households), however, it is a remarkable change that the proportion of
households using mixed combustion doubled by 2017 (Figure 3b).

In the years following the global economic downturn, one-sixth of households
(16.3%) were unable to heat their homes to the right temperature in winter. A positive
change is indicated by the fact that this number was halved by 2017 (to 7.6%). However,
when income positions are reviewed (Figure 4), it is evident that by 2017, the proportion
of households in the lower strata of society that were unable to heat their homes to the
right temperature did not decrease either: 20% of the poorest could not provide warmth
in their homes in winter; moreover, the situation in the three lowest income deciles did
not change in 10 years (the 2006 level was typical even in 2017). Studying the phenomenon
in terms of energy sources used for heating, it is clear that in 2017, the proportion of
households using conventional fuels was the highest among those who were unable to
heat their homes properly. This is also explained by the fact that these fuels (coal, wood)
are more of an energy source for the poor: while in the lowest income tithes more than
half of households heat in this way, in the higher income deciles the proportion of those
using solid or liquid fuel is less than 10%. For poor households, fighting the winter cold
significantly increases the risk of heating with anything to keep their homes warm: even
with toxic combustible waste, which causes severe environmental damage as well as
health issues.
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Figure 4. Distribution of households which able and unable to heat their homes adequately by income deciles between
2006 and 2017 in Hungary. Note: Income deciles are constructed on the basis of per capita household income. The persons
included in the sample are arranged in the order of their income and divided into ten equal groups. Each income decile
then has 10 per cent of the population. The first income decile contains the lowest income tenth and the last one the highest
income tenth. Sources: Secondary processing of the National Household Budget Survey 2007, 2013 and 2018.

3.2. Modes and Intensities of Domestic Energy Consumption

In the following, households are reviewed by groups formed based of the median
expenditure spent on energy consumption for each type of energy. Four groups were
formed: (1) non-consumers of energy, (2) low, (3) medium, and (4) high energy
consumers. In the three cross-sectional surveys available to us, each household consumes
electricity, and in terms of other sources of energy, “non-consumer” households form an
independent group. Households paying energy costs around the national median value
of expenditures on the type of energy reviewed (plus/minus 20%) were considered to be
“average energy consumers”. “Low energy consumers” included households with energy
expenditure below 20 per cent of the median value, while “high energy consumers”
included households with energy expenditure more than 20 per cent above the median
value.

Figure 5a shows that slightly more than one third of Hungarian households are high
energy consumers (2017: 35.1%) and somewhat less than one third are low energy
consumers (2017: 30%). Whether reviewing high or low energy consumption, the
proportion of each group did not change significantly between 2006 and 2017. The share
of high energy consumers decreased minimally to 2012 (from 33.4% to 31.2%) but then it
increased to 35% by 2017, and overall an increase of only 1.7 percentage points can be
registered in the period under review. The same trend can be observed for low-energy
households: a decrease during the first period (from 31.5% to 28.7%), followed by a
minimal increase for 2017 (30%), while the overall change is only 1, 5 percentage points.
There was a more considerable change in the case of average energy users during the first
period: their share increased by 2012 (from 35.1% to 40.2%), but by 2017 it decreased by
the same amount, thus in 2017 they were as many as in 2006 (35%). If the groups of high
and low energy consumers are formed according to stricter criteria, i.e., households with
more than twice the national median value are considered high consumers, and
households with less than half the median energy as taken as low energy consumers, it
can be established that there was hardly any change in terms of the distribution of either
household type between 2006 and 2017 (see Figure 5b).
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Figure 5. Changes in the proportion of households with different energy intensities between 2006 and 2017 in Hungary.
Notes: (a) A household is considered low energy consumer if its energy expenditure does not exceed the 20 per cent of
median value; high energy consumer if its energy costs exceed the median value by 20 per cent; (b) Low energy
consumption if its energy costs do not exceed half the median value, high energy consumption if its energy costs exceed
twice of the median value. Sources: Secondary processing of the National Household Budget Survey 2007, 2013 and 2018.

The intensity of use of each energy type also reflects a high degree of stability (see
Figure 6) except for a single energy source: conventional fuel. The share of households not
consuming conventional fuels showed a significant decrease (13.8 percentage points) and
the rate of decline was stronger in the post-economic crisis period (2006-2012) than in
2012-2017. At the same time, the share of intensive users of conventional fuels increased:
less than a tenth (9.1%) of households belonged to this category immediately before the
global economic downturn, while in the post-crisis period as many as one-sixth to one-
seventh (15.5% and 14.8%, respectively) Our calculations were made not only for the
global (total) household energy consumption, but also for the annual energy consumption
per 1 m2 and 1 person per household. Based on the results obtained, the same situation is
seen as described above (although we could not accomplish the calculation according to
the number of households in 2013 as the headcount per households variable is not
included in the database provided to us).

100

3

ENo ®Low mAverage mHigh

Figure 6. Changes in the proportion of households with different energy intensities by types of
energy between 2006 and 2017 in Hungary. Sources: Secondary processing of the National
Household Budget Survey 2007, 2013 and 2018.
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As the stability of the distribution of the different types of energy-using households
presented refers only to the intensity of energy used and to each type of energy (i.e., the
proportions of household energy costs) and not to changes in buildings and flats, it is
advisable to review households with different energy use in terms the characteristics of
the buildings and flats. In all three years of the period under review, among the high
energy consuming households, in brick-built detached houses, or else in residential areas
of detached houses, the proportion of those living in 3 or 4-room, medium-size (76-100
m?) property is the highest, yet a number of significant changes can be observed between
the periods in terms of other housing and settlement characteristics. It is evident (see Table
Al in the Appendix A) that the share of households with high energy costs almost tripled
by 2012 in traditional urban residential areas (from 6.9% to 19.2%) and then somewhat (by
4.3 percentage points) decreased to 2017. At the same time, their share decreased only
minimally in both detached-house districts and rural areas, while their share remained
essentially unchanged in housing estates and villas. The other significant rearrangement
is yielded when review the data by type of buildings/houses: the proportion of energy-
intensive people living in detached houses decreased significantly by 2017 (from 68.4% to
59%), while those living in multi-apartment condominiums (both with less-than-10-flat
and more-than-10-flat condominiums) rocketed by the end of the period (the largest
increase —more than double —occurred in condominiums with less than ten dwellings). It
is also noteworthy that while in 2006 only 1% of energy-intensive households lived in one-
room or at most one-bedroom flats, in 2012 their share was already 5.5%; in 2017 it was
over 6.5%. Simultaneously, the share of those living in in 3—4-room properties fell (from
62% to 54%). Consistent with these changes, the proportion of energy-intensive
consumers living in large (mainly between 76 and 100 m?) properties decreased
significantly, and the rate those living in properties larger than 100 m? just moderately;
the proportion of energy-intensive flats smaller than 36 m? has more than quintupled.
Based on the year of construction, their share increased significantly not only in the oldest
houses/flats built before 1945, but also in newer (after 1999) buildings (doubled in the
latter case). It is important to point out that while in 2006 almost two-fifths of this group
lived in villages, by 2012 and 2017 only a quarter, but their share in the capital and smaller
rural towns increased significantly by the end of the period under review (the proportion
of those living in county capitals remained unchanged in this regard).

Trends for low-energy households were more or less the opposite to those described
for high-energy consumers, involving four very significant changes. Although in all three
cross-sectional years the share of people living in low-energy-consuming households,
similarly to high energy consumers, is the highest amongst people living in residential
areas characterised by detached-houses, their proportion has also surged significantly
(from 16% to 23.5%) in residential areas of rural character while in housing estates and
traditional urban areas declined considerably. Similarly considerable change can be
observed in terms of the type of building: while in 2006 households living in
condominiums with 10 or more apartments belonged to the low energy consumers, by
2017 their share was the highest amongst those living in detached houses (42% in 2006;
62% in 2017). Based on the floor area of the property, it can be established that while in
2006 more than a third (36.8%) of low energy consumers lived in apartments with a floor
area of 36-55 m?, a quarter in properties with a floor area of 56-75 m? and a further fifth
in properties even larger, by 2012 and 2017, their share decreased in smaller apartments
and increased in properties larger than 56 m?, but especially in properties above 100 m?
(in the latter case, there was a 2.5-fold increase). In terms of the type of settlement of the
place of residence, the biggest change is that their proportion decreased to almost half in
the capital, while in the smaller rural towns and villages we registered an increase of 7-8
percentage points.

Based on the results, it can be assumed that the stock of detached houses has
expanded in recent years with more newly built properties on the one hand, and a
significant part of the detached houses have been modernized on the other hand. At the
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same time, households living in detached houses also include the largest energy
consumers, which is obviously related to the characteristics of the buildings (detached
houses are larger than typical flats in condominiums and housing estates, so their heating
and lighting are more expensive). The rising and then declining trend of intensive energy
use in the energy consumption of condominium flats is presumably related to the
significantly rising energy prices in the early 2010s and then with the decreasing prices
after the government intervention. All this suggests that it is worth reviewing the energy
consumption habits of Hungarian households more meticulously than before, therefore
in the next step we will analyse the energy use-behaviour patterns of households based
on the joint consideration of the intensity of the types of energy used.

3.3. Typological Profiles of Domestic Energy Consumers

The study of energy consumption was deepened by exploring further details through
examining the groups of Hungarian households according to the combination of the
intensities of the types of energy used. The use and intensity of different energy sources
varies, as, for example, piped gas is usually used for heating, while and propane gas can
only be used for cooking, their mixing, however, points out the housing and social
differences of the households and flats. For example, where there is only electricity in the
household, propane gas can be used for cooking, or where heating is only possible with
conventional fuel, electricity or propane gas can be used for cooking. In addition, as
mentioned in the introductory part, the type of energy used depends not only on the
decisions of households, but also on the available opportunities and infrastructure.

Based on a combination of variables measuring the intensity of five types of energy
(electricity, pipeline/natural gas, propane gas, conventional fuel and central heating),
homogeneous groups of households were identified using model-based clustering (latent
profile analysis, LPA). LPA is a method that, based on high-level indicators, identifies
unobservable, latent groups of households with similar energy consumption patterns.
Our researcher’s intention was to find consumer patterns that are typical for a group of
the surveyed households, taking into account the intensity of the use of different types of
energy. Thus, we used a solution (model-based clustering) that allowed us to form a
model structure whereby typical energy consumer groups could be identified.

During the analysis, several models were evaluated in all three samples: 2-7 group
solutions were examined and the fitness of the model (Bayesian information criterion, BIC;
Akaike information criterion, AIC), the significant result of Lo-Mendell-Rubin likelihood
ratio (LMR-LRT), the p-values of bootstrap likelihood ratio test (BLRT), group sizes (at
least 5% of the sample), and higher entropy values were taken into account to determine
the optimal model solution [18,19]. In the three samples, the AIC and BIC values
decreased continuously with increasing number of groups, however, the rate of decrease
began to moderate only after the 6-class solution, although the entropy value of the 7-class
solution—in 2006 and 2012 samples —was higher than that of the 6th grade. Bearing both
the proportion of the smallest class and interpretability in mind, the 6-class structure was
adopted in all cases.

First, we present the types of Hungarian households emerged based on energy
consumption in the latest sample, 2017 (see Table 1). The results show that households
have a larger share (22.1%), representing some one-fifth of households (class 4) including
the highest electricity and piped gas consumers (they are the high electricity and gas
consumers) who do not use other energy source or at very low intensity. In two groups of
roughly similar size (class 1 [18.6%] and 3 [17.8%]), in addition to the average electricity
consumption, the use of conventional fuels is typical, with the difference that households
in class 1 supplemented it with using significant amounts of propane gas as well
(obviously for cooking). Unlike the other clusters, households in class 5 (17.5%) and class
6 (15.2%) are characterized by low electricity and gas consumption, however, the use of
central and district heating is dominant in the latter, i.e., in class 6. And there is a marginal
group (class 2 [8.8%]), which, similarly to the households of groups 1 and 3, is
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characterized by low —below average—electricity and gas consumption, however, it is
also characterized by the fact that it also uses other energy sources with greater or lesser
intensity (propane gas, conventional fuels and central heating).

Table 1. Latent classes formed based on the energy consumption of Hungarian households in 2017.

Class %  Cnersy Typesand Profile
Intensities
1 18.6 high T, high P intensive use of conventional fuels and propane gas
2 8.8 low all types low energy consumption
3 17.8 highT intensive use of conventional fuels
4 22.1 highE, high G intensive electricity and gas consumption
5 175 lowE, low G low electricity and gas consumption
6 15.2 high D, low E, low G intensive use of central-district heating

Source: National Household Budget Survey 2018.

Latent profile analysis explored significant differences between both high and low
energy consumption groups: visibly, intensive (high) central heating users (class 6) and
intensive conventional fuel users (class 3) consume other energy types/energy sources to
a low extent; and low electricity and gas consumption is not necessarily associated with
low-intensity use of other energy sources (such as in the case of class 5 vs. class 2).

We wish to point out that the dominant energy use of groups formed based on energy
use combinations does not mean that the global energy consumption of a certain
consumer group is (also) high, as these are consumer behaviours, and do not directly
reflect the intensity of total energy consumption. Figure 7 presents the differences
between the groups in terms of global energy cost and energy cost intensity calculated
based on household size (number of employees) and the size (floor area) of the flat
concerned. The largest consumers of electricity and gas (class 4) are actually the highest global
energy consumers, but the median energy cost per capita is not higher in this class but in
the class of intensive conventional fuel users (class 3). The global annual energy consumption
of intensive district heating users (class 6) is the second lowest. In essence, the three largest
energy consumers (either the average annual energy cost or the average annual energy
cost based on headcount) are class 4, class 3 and class 1, i.e., intensive electricity and gas
consumers, intensive conventional fuel users and those who supplement their high fuel
consumption with the use of propane gas. The lowest energy consumers are the
households of class 5, class 6 and class 2: the low electricity and gas consumers, the inten-
sive district heating users and the low-intensity users of all types of energy.
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Figure 7. The median of the average energy costs of the latent classes by household, per person and per m2. Note: In the
figure, the latent classes are arranged in ascending order according to the median of the average annual energy cost by

household.

The housing, building, and socio-demographic characteristics of each consumer
group are summarized in Table A2 in the Appendix A. Among the households of the group
of largest electricity and gas consumers (class 4)—compared to the total sample—the
proportion of those living in their own large (over 76 m? and more than 3-room), in
detached or semi-detached houses in residential areas and condominiums in traditional
urban built-up with higher status (with high-school diploma or higher, belonging to
income quintiles 4 and 5) is relatively high. In terms of household composition, they live
in smaller-than-average households: they are typically middle-aged couples without
children or retired couples. The proportion of people living in small settlements and
villages is low.

The class of intensive traditional fuel and propane gas users (class 1) typically consists of
households situated in, 2-room, detached houses (built before 1969) in rural residential
areas and villages, of whom, compared to the total sample, the low status (low-income
and low-education) is higher.

The other class of intensive traditional fuel users (class 3) also has a high proportion of
households living in detached houses in rural towns and villages. However, unlike class
1, the households here are owners of larger properties (more than 3 rooms, more than 76
m?) and the class also includes a high proportion of those in the 3rd and 4th income
quintiles. In terms of household composition, the proportion of couples without children
and singles is low and the proportion of couples with children and couples without
children aged 55-64 is slightly higher than the sample average.

Among the intensive users of district heating (class 6), who are also characterized by low
electricity and gas consumption, there is a remarkably high number of households living
in up to 2-room flats built between 1970 and 1989, in urban condominiums or residential
buildings with more than 10 flats in the larger rural cities and in the capital, and in urban
areas. proportion of households living in condominiums. In terms of their social status,
the proportion of those in the top income quintile and those with a general high-school
diploma is high, while the proportion of graduates is also slightly higher than the sample
average. In addition, the proportion of households living in rented flats is also high within
this group.

The housing and socio-demographic characteristics of the low electricity and gas
consumption group (class 5) are very similar to those of class 6: they also typically live in
relatively small (up to 2 rooms and up to 75 m?) condominium flats in a slightly higher
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than average proportion in cities and the proportion of households living in rented
(especially non-market rented) property is also high, but, in contrast to members of class
6, the proportion of couples raising children is low and that of retired households is high.

The low energy users (class 2) households are characterized by the fact that the
owners typically have low-education but higher-income (4th income quintile), they are
elderly without children (55-64 years old) or retired, living in detached-hose or rural
residential areas in smaller rural towns and villages, in properties larger than average
(above 75 m? and with more than 3 rooms).

It is evident from Figure 8 that the pattern of energy use profiles in the sample shows
very strong similarity in three periods. Three differences can be observed: in 2006
(compared to 2012 and 2017), high central heating use (class 6) was coupled with high—
well above average—electricity consumption, and in 2012 in the group of low energy
consumption (class 2), not all energy sources uses are of low intensity, but the use of
conventional fuels is high, and —also in 2012—the high use of conventional fuels and
propane gas (class 1) is combined with high electricity consumption. Table 2 presents the
descriptions of the classes of the three samples for convenience.

2006 sample

e class 1
= == class2

class 3
e lass 4
e = class5

e class 6

Gas Propane Traditional fuel District heating
(@)
2012 sample

e class 1
== = class2

class 3
e class 4
== = class5

e— class 6

Electricity Gas Propane Traditional fuel District heating

(b)
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Figure 8. Latent groups of households based on their energy consumption in three samples. Notes: (a) Non-standardized
averages by energy type within each class in 2006; (b) Non-standardized averages by energy type within each class in
2012; (c) Non-standardized averages by energy type within each class in 2017. Sources: Secondary processing of the
National Household Budget Survey 2007, 2013 and 2018.

Table 2. The descriptions of the latent classes in three samples.

2012 2017

Class % Energy Types Class % Energy Types Class % Energy Types
high T, high P, high

cass1 152  highT, highP  cass1 191 &' lEg "8 lass1 186 highT, high P
class 2 6.9 low all types class 2 89 lowEGPD, highT class2 8.8 low all types
class 3 11.9 high T class 3 14.4 high T class 3 17.8 high T
class 4 27.7 high E, high G class 4 30.8 high E, high G class 4 22.1 high E, high G
class 5 22.8 low E, low G class 5 13.5 low E, low G class 5 17.5 low E, low G
class 6 15.5 high D, hégh E, low class 6 12.4 high D, lgw E, low class 6 15.2 high D, 1gw E, low

Sources: National Household Budget Survey 2007, 2013 and 2018.

We are aware of the fact that the comparison of individual household types and their
proportions over time is limited; in any case, the dominant household type is the large
electricity and gas consuming households (class 4) throughout the period under review,
and our results show a positive change and decrease. It is also a positive result that the
share of low electricity and gas consuming households (class 5) still constitutes a
considerable proportion, presumably due to the introduction of stricter energy standards
and public policy incentives to improve the energy efficiency of buildings/flats.

3.4. Factors of Domestic Energy Consumption

In the next part of the analysis, we explored the determinants of the household
profiles generated as a result of the intensity configurations of the different types of energy
used by households. Specifically, we examined how the living conditions and social
background of the consumer groups (classes 1-6) identified by latent profile analysis affect
their energy consumption behaviour, i.e., the fact of which group they belong.

Thus, the dependent variables of our explanatory models are variables measuring
membership in each energy consumer class, and the independent variables (predictors) can
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be divided thematically into two groups: (1) ‘building variables” and (2) ’‘socio-
demographic variables’. (1) To characterize the buildings and flats, the following variables
were included in the models: living environment, building type and year of construction,
floor area of the flat, number of rooms, type of masonry, occurrence of technical problem
in the flat (Is the property characterized by any of the following problems: the doors and
windows are in bad condition, the masonry or floor is damp, the ceiling is leaking), and
settlement type and regional location where the apartment is situated. (2) The socio-
demographic variables include variables describing household composition (The types of
household composition were based on the age, marital status and number of dependent
children of the reference person.), size, income status (The databases available to us
contain variables of income deciles calculated from persons sorted by the disposable (net)
income of the household/headcount of households, so we used this variable to describe
the income situation of the household during the analysis), upon what grounds the
property is used, educational attainment and economic activity of the reference person,
and length of residency. During the estimation procedure, each model was built step by
step: the explanatory factors were included in groups, step by step, so that we could also
examine the effect of each variable group on the dependent variable and on each other. A
total of 18 model specifications were estimated (all significant). Models including only the
characteristics of the properties (BUILDING MODELS) explain 11 to 68 per cent of each
energy consumption behaviour; the most for high central heating consumption and the
least for the ‘low all types’. The explanatory power of models made up of only socio-
demographic variables (SOCIO-DEMOGRAPHIC MODELS) is lower in each case: 6-32
per cent of the dependent variable is usually explained by them. The final models
combining building and socio-demographic factors (FINAL MODELS) explain 6-32 per
cent of the variability (R? details can be found in Appendix A, Table A3). ANOVA showed
that the difference in explanatory power between the models containing building
variables only and that containing socio-demographic variables in addition was
significant (p <0.001) implying that the inclusion of socio-demographic variables increases
the explanatory power of the models. All this proves that building and housing
characteristics explain the largest variation of the energy consumption behaviours under
review, but the inclusion of socio-demographic variables further increases the explanatory
power of the models. The results of the complete models, including all predictors, are
presented in Table 3.

Table 3. Summary of the results from the logistic regression on the factors that have different impacts on the energy use
behaviour patterns of households, Exp(B).

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6
Factors High T, High Low all . High E, High Low E, Low High D, Low E,
High T
P Types G G Low G
Building Variables

Living environment (Ref: rural residential area)

traditional urban design
housing estate
condominium and villa
district

residential area with
detached houses

Property type (Ref: semi-detached, or terraced house)

detached house

condominium with less than

10 apartments

0.213 *** 0.961 *** 0.842 *** 1.076 *** 1.362 *** 2.810 ***
0.315 *** 0.501 *** 0.172 *** 0.835 *** 1.079 *** 2.886 ***
0.112 *** 0.694 *** 0.852 *** 2.121 *** 0.955 *** 1.016 *
0.456 *** 0.890 *** 1.645 ** 3.114 *** 1.024 *** 0.957
1.455 *** 1.484 *** 1.441 *** 2.898 *** 0.542 *** 0.432 ***
0.610 *** 1.733 *** 0.656 *** 0.428 *** 2.278 *** 1.995 ***
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condominium with 10 or

0.131 *** 1.538 *** 0.142 *** 0.301 *** 1.742 *** 4.638 ***
more apartments
Property age (Ref: pre 1945)
1946-1969 0.590 *** 0.998 1.086 *** 1.156 *** 0.941 *** 1.848 ***
1970-1999 0.480 *** 0.922 *** 1.394 *** 1.059 ** 0.709 *** 6.094 ***
post 1999 0.476 *** 0.587 *** 1.039 ** 1.4171 *** 0.871 *** 2.395 ***
Floor area (Ref: below 36 m?2)
36-55 m? 2.980 *** 0.1140 ** 1.684 *** 1.388 *** 1.234 ** 1.510 ***
56-75 m? 3.376 *** 0.708 *** 2.657 *** 2.053 *** 1.517 *** 0.243 ***
76-100 m? 1.765 *** 1.731 *** 3.449 *** 2.659 *** 1.224 *** 0.117 ***
over 100 m? 1.780 *** 0.643 *** 4.021 *** 3.081 *** 0.793 *** 0.049 ***
Number of rooms (Ref: up to 1 room)
2 rooms 0.566 *** 1.210 *** 0.876 *** 2.275 %% 1.604 *** 1.484 ***
3—4 rooms 0.331 *** 1.535 *** 1.181 *** 2.657 *** 0.442 *** 0.049
5 rooms or more 0.274 *** 1.704 *** 1.296 *** 2.857 *** 0.486 *** 0.383 ***
Wall type (Ref: panel, medium- or large building blocks, concrete)
Brick, stone 1.805 *** 0.814 *** 1.156 *** 3.547 *** 4.906 *** 0.143 ***
Adobe 1.643 *** 1.033 * 0.893 *** 0.010* 3.922 *** 0.070 ***
Technical problem in the property « (Ref: Not typical)
Typical 1.996 *** 1.113 %% 0.734 *** 0.848 *** 0.765 *** 0.616 **
Settlement type (Ref: village)
Capital 0.086 *** 0.170 *** 0.246 *** 3.057 *** 3.061 *** 2.627 ***
County capital 0.210 *** 0.287 *** 0.808 *** 2.315 *** 1.919 *** 2.510 ***
Other town 0.651 *** 0.856 *** 1.272 *** 1.385 *** 1.796 *** 0.967 **
Region (Ref: the Southern Great Plain)
Central-Hungary 0.800 0.417 *** 0.874 1.312 *** 2.939 1.945 ***
Central-Transdanubia 2.966 *** 1.263 *** 1.036 ** 1.185 *** 0.332 *** 1.950 ***
Western-Transdanubia 2.150 *** 0.605 *** 1.545 *** 0.430 *** 0.632 *** 2.036 ***
Southern-Transdanubia 5.447 *** 1.258 *** 0.701 *** 0.489 *** 0.440 *** 2.610 ***
North-Hungary 3.104 *** 0.680 *** 1.763 *** 0.681 *** 0.576 *** 1.164 ***
Northern Great Plain 1.124 *** 0.848 ** 3.580 *** 0.758 *** 0.796 *** 1.355 ***
Socio-Demographic Variables
Household size (Ref: 5 people or more)
1 or 2 people 0.595 *** 2.745 % 0.642 *** 2.789 *** 3.721 *** 1.204 ***
3 or 4 people 1.821 *** 0.650 *** 1.718 *** 1.959 ** 2.887 *** 0.888 ***
Household type (Ref: Elderly retired couple or single pensioner)
Young couple withouta child ) 5o5  (o7pwee  ggopwe  gss0r  1886%w 2,001 **
or a young single person
}(;Z‘;ple withchildren 3054 ) g3 g5 21450 Q745 0.882* 1.136 *
Couple without children 30 5y g gpqmm 1034+ 1738%*  0.896*** 1.871 %
54y.0.)
Elderly couple without 1948 0.858**  LI71** 0751 1.013* 1.169 #*
children (55-64 y.o.)
Income status (Ref: 5th quintile)
1st quintile 2.995 *** 0.714 **= 0.891 *** 0.329 *** 2.264 *** 0.729 ***
2nd quintile 1.746 *** 0.641 *** 1.212 *** 0.554 *** 1.905 *** 1.154 ***
3rd quintile 1.464 ** 0.785 *** 1.234 *** 0.757 *** 3.505 *** 0.998
4th quintile 0.981* 1.114 1.011* 0.905 *** 1.287 *** 0.870 **
Grounds for using the property (Ref: free accommodation)
Owner 3.648 ¥ 1.403 *** 1.901 *** 2.410 ** 0.533 *** 1.808 ***
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Private sector tenant 1.446 0.380 *** 1.069 1.001 1.645 *** 2.793 ***

Educational attainment of HRP (Ref: Higher)

Elementary 5.952 *** 1.2976 *** 0.910 *** 0.664 *** 0.706 *** 0.742 ***
ithout high-

Secondary without hig 4709%%  1433%%  1244%% 0662 0.687 % 0.980

school diploma

Secondary with high-school 17w jo1gem 11490 ggazee 0957w 0.995

diploma

Economic activity of HRP (Ref: Other inactive)

Employment 1.149 *** 0.938 *** 3.102 *** 1.277 *** 1.959 *** 1.663 ***

Pensioner 0.892 *** 1.624 *** 1.201 *** 1.064 * 1.611 *** 0.878 ***

Length of residency (Ref: more than 30 years)

4 years or less 0.553 *** 0.979 ** 0.721 *** 0.636 *** 1.925 *** 0.842 ***

5-10 years 1.720 *** 0.740 *** 1.167 *** 0.875 *** 1.175 1.405 ***

11-20 years 1.671 *** 1.022 * 1.855 *** 1.270 *** 1.210 *** 0.937 **

21-30 years 0.890 *** 1.019* 0.895 *** 0.991 1.240 **+ 1.245**

N 6444 6444 6444 6444 6444 6444

R? 0.415 0.184 0.301 0.440 0.312 0.692

Note: *** p < 0.001; ** p < 0.01; * p < 0.05. (%) Technical problems occur: the doors and windows are in bad condition, the
masonry or floor is damp, the ceiling is leaking.

Those of high-status (tertiary-educated, belong to the top-income quintile, middle-
aged) childless middle-aged couples with their own real estate have the best chance of
getting into the group of the largest consumers of electricity and gas (class 4), and use
other energy sources to a lesser extent compared to the reference category of retired
couples or to single retirees. Reviewing the effect of residence and building characteristics,
it can be established that households situated in residential areas of detached houses,
condominiums and villa districts, living in the larger-size properties with the higher
number rooms and in the better condition, have the higher chance to become high energy
consumers. The geographical location of the apartment is also decisive: the capital city has
a significant impact, while other metropolitan settlements have a more moderate impact
in the most developed regions of the country (Central Hungary, Central-Transdanubia
and the Southern Great Plain).

In contrast, the intensive use of conventional fuel and propane gas (class 1), which is
associated with low electricity and gas consumption, is strongly influenced by the low
social background: it is more characteristic of larger households with low (at most
secondary school without a high-school diploma) education and low income status, but
active in the labour market (the increase in chances is linear with the increase in household
size). Reviewing the effect of household composition compared to retired households
used as a reference group, all other household types increase their chances of getting into
this group, although couples with or without children between the ages of 30 and 54 have
the best chance to do so. There is a significant difference between property owners, tenants
and those using the homes for free: homeowners are almost four times more likely, tenants
are slightly more moderately, i.e., one and a half times more likely to fall into this cluster.
Analysing the building characteristics, we found that the determining factor in the high
use of conventional fuel and propane gas is the rural residential area, the small detached
house, which was built of brick or adobe before 1945. The poor technical condition of the
flat/house is also positively related to this pattern of energy use behaviour (compulsion).
The economically less developed regional-territorial location also increases the
probability of getting into the group (areas of highest odds ratios: Southern Transdanubia
and, Northern Hungary).

High conventional fuel use (class 3), which, however, is not coupled with propane gas
and intensive use of other energy sources, is more prevalent for homeowners with 3—4
years of secondary education in the 2nd and 3rd income quintiles, who are typically
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couples with children or children or elderly couples without children. In contrast to the
class 1 households of other traditional fuel users, these households live in brick, well-
maintained, larger detached houses constructed between 1970 and 1999 and situated in
the lowest economically developed regions of the country (Northern Great Plain,
Northern Hungary).

Intensive use of central and district heating (class 6)—coupled with low electricity and
gas consumption—is positively related to labour market activity, high (tertiary) education
and belonging to the 2nd and highest (5th) income quintiles. In terms of their family
background, young couples or singles without children are most likely to get in here and
retired people have the least chance in this respect. Compared to free home users, tenants
have a much higher (nearly three times) and homeowners a more moderate (almost
double) chance of being included in this group as intensive central heating users. Living
in the capital or rural big city (due to for example, the availability of district-heating
infrastructure) in multi-apartment, panel housing estate and in smaller (2-room, 36-55 m?)
apartment also increases the chances of belonging into this class.

Low electricity and gas consumers (class 5) have a high chance of having the highest
level of education, but low chances of being in the highest income quintile (typically the
ones belonging to the 3rd and 1st income quintiles are found here). Another decisive
socio-demographic factor is the household size of 1-2 people: childless young couples or
single young people and retired couples tend to be low energy and gas consumers. This
energy consumption behaviour is more likely to occur among tenants and with less chance
among homeowners. In terms of building and housing characteristics, traditional urban,
multi-apartment condominiums, pre-1945 construction, metropolitan and big city (in the
most developed region of the country) and smaller (up to 2 rooms) housing sizes have a
significant impact in this respect.

Those using all energy sources with low intensity (class 2) are most likely to come from
households belonging to the 4th income quintile and least likely to come from households
with the highest educational attainment. The composition of the household also has a
statistically significant effect: retired couples or single retirees are more likely to have low
energy consumption. The assessment of the impact of building and housing
characteristics shows that the location in rural residential area (mainly in Southern
Transdanubia, Central Transdanubia and the Southern Great Plain), the construction of
the house before 1945, the poor technical condition of the apartment and the medium (76—
100 m?) size are all decisive factors in this energy consumption behaviour.

4. Discussion and Conclusions

Our study reviewed the energy using habits of Hungarian households and their
development over time using the databases of three large-sample questionnaires. In
addition to exploring the evolution of the intensity and structure of household energy
consumption over time, we also analysed how different energy use behaviours correlate
with factors related to flats, buildings, as well as certain socio-demographic characteristics
of households. Despite the fact that the decisive factors of household energy
consumption—especially the variables related to buildings and flats that can be targeted
by energy interventions—has been widely researched abroad [20-22], few studies have
been conducted in Hungary so far in this regard. An additional added value of our
research is that it analyses the correlations between energy use patterns of households and
socio-demographic, as well as building and housing characteristics by taking into account
the configurations of the intensity of energy sources used by households.

Our descriptive analysis results showed that the energy expenditures of Hungarian
households decreased overall between 2006 and 2017, which is presumably related to the
government’s overhead cost cut scheme introduced in 2013, however, this did not affect
households using conventional fuels for heating. Wood prices have risen significantly
over the past decade, and by 2017, spending on conventional fuels exceeded the spending
on households using piped gas. The results also point out that the use of conventional
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fuels is much more common in financially disadvantaged groups than among privileged
households.

Using latent profile analysis, we explored the consumer profiles of Hungarian
households based on the combination of the intensities of the energy sources used. Based
on our results, the most significant pattern of energy consumer behaviour in Hungary is
intensive electricity and gas consumption, which characterizes more than one-fifth of
households, which do not use other energy sources. Our detailed analysis results also
showed that these large consumers of electricity and gas are in fact (also) the highest
global energy consumers. On the other hand, the use of conventional fuels is dominant in
two groups of Hungarian households of roughly similar size (approximately 19% and
18%), with the difference that the households of one of these groups supplement this with
significant propane gas use. One type appears to be marginal among households (with
less than a tenth of households): it includes households with low electricity and gas
consumption, but households in this class also uses other energy sources with greater or
lesser intensity. Furthermore, there are two groups of low-intensity electricity and gas
consumers (17 and 15% of households), with the difference that one of these groups is also
typically use central and district heating.

Our logistic regression analyses indicated that building and housing characteristics
offer far the strongest explanation for different energy consumption behaviours, however,
the inclusion of socio-demographic variables further increased the explanatory power of
the models (we found that the effect of socio-demographic variables decreased
significantly after house and flat characteristics had been controlled). In general, foreign
studies [23-26] also find that the building or flat-size and flat type are the most significant
precursors of household energy consumption. Our analysis showed that different energy
consumer behaviour patterns are differently related to the socio-demographic
characteristics of housing and household.

According to our results, the households most at risk in term of energy vulnerability
are “intensive conventional fuel and propane gas users”: those low-status (up to high
school graduates with no high school diploma, and characterised by low income status)
homeowners of brick or adobe detached small (not exceeding 75 m?) houses constructed
before 1945, with poor technical condition and lacking technical upgrading, situated in
rural areas in the less economically developed regions of the country. The “largest
consumers of electricity and gas”, who are typically middle-aged couples without
children, and with high status in terms of their social background (higher education, top
income quintile), living in large and multi-room houses in detached-house residential
areas of the capital and other large cities appear to be less vulnerable.

There are several limitations to our research. Our analysis was based on the energy
expenditures of households. The databases analysed by us contain the expenditures of
households on energy, broken down by different energy sources, whereby we revealed
the types of energy consumers of Hungarian households. At the same time, the
consumption data in the databases always include household expenditures at current
prices of the period concerned, thus the comparability of these results over time is highly
vulnerable to inflation and price changes for individual products. This is especially true
for energy prices, where, according to the overhead cost cut scheme introduced in recent
years by the government, for example, the prices of gas and electricity are unchanged,
while there has been a significant increase in the price of conventional solid fuels, which
has a significant impact on the structure of household energy expenditure. A further
limitation of our research is that we did not have the opportunity to fully apply the
Expenditure-based Approach known in the literature, as the databases provided to us do
not contain the variable measuring the net income of households, only the variable of
income decile. Due to the lack of the variable income, the database did not provide an
opportunity to form statements about the real burden of energy expenditures to
Hungarian households. Further research is needed in the future, taking into account the
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evolution of both income and prices, to further explore the issue of access to energy in
terms of Hungarian households.
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Appendix A
Table Al. Descriptive statistics of high and low energy consuming households by building and flat characteristics, 2006—
2017.
High Energy Consumer (%) Low Energy Consumer (%)
2006 2012 2017 2006 2012 2017

Living environment
traditional urban design 6.9 19.2 14.9 21.3 16.3 11.6
housing estate 19.5 16.9 17.7 26.7 23.9 18.3
condominium and villa district 2.1 3.2 4.9 34 4.1 34
residential area with detached houses 46.0 459 42.7 28.7 31.8 36.2
residential area of rural character 22.6 14.0 16.9 16.2 22.1 23.5
suburbs and other 2.9 0.8 2.8 3.8 1.8 7.0
Property type
detached house 68.4 55.1 59.6 427 62.5 62.1
semi-detached or terraced house 4.6 4.9 6.5 4.7 4.9 6.7
condominium with less than 10 23 57 46 56 39 51
apartments
condominium with 10 or more 24.4 34.0 28.1 45.9 27.3 25.0
apartments
other 0.3 0.3 1.2 1.1 1.4 1.1
Property age
Before 1945 10.5 16.6 16.2 29.4 22.1 21.1
1945-1969 21.9 20.0 24.6 35.2 37.7 35.7
1970-1989 63.6 58.9 51.1 34.1 37.4 37.6
After 1999 4.0 45 8.0 1.3 2.9 5.6
Floor-area
Below 36 m? 0.8 2.4 4.3 9.9 7.9 5.7
36-55 m2 12.7 17.9 17.3 36.8 27.2 25.8

56-75 m?2 21.5 21.8 19.2 27.0 29.0 27.5
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76-100 m? 36.9 321 30.9 22.6 27.9 30.9
Over 100 m? 28.1 25.8 27.3 3.7 8.0 10.1
Number of rooms

Up to 1 room 1.1 55 6.5 19.7 15.0 10.9
2 rooms 26.0 25.5 259 52.1 48.8 452
3—4 rooms 62.6 59.2 54.3 27.0 349 40.2
5 or more rooms 10.3 11.8 13.3 1.2 1.3 3.7
Settlement type

Capital 17.7 30.0 24.0 22.8 11.7 13.5
County capital 18.4 18.4 18.8 28.1 18.1 23.2
Other town 26.5 26.0 30.9 25.1 35.3 31.0
Village 38.1 25.7 26.4 24.0 34.9 32.3

Source: Secondary processing of the National Household Budget Survey 2018.

Table A2. Housing, building, household and socio-demographic characteristics of latent classes formed based on the
energy consumption of Hungarian households.

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6

N =6960 = 100% 18.6% 8.8% 17.8% 22.1% 17.5% 15.2%
Living environment
traditional urban design 3.3 9.9 6.6 12.4 21.5 15.7
housing estate 1.2 9.0 0.6 6.4 23.1 76.0
condominium and villa district 0.4 1.9 0.9 5.4 7.6 3.8
residential area with detached 0.0 38.8 554 57.0 330 3.0
houses
residential area of rural 45.6 342 34.8 16.0 13.0 11
character
suburbs and other 17.5 6.2 1.7 2.8 1.6 0.3
Property type
detached house 90.2 79.5 93.9 74.4 40.9 3.7
semi-detached or terraced house 5.7 3.0 4.0 9.5 7.2 1.0
condominium with less than 10 12 30 13 43 10.9 37
apartments
condominium with 10 or more 16 125 0.7 115 39.8 90.5
apartments
other 1.3 1.9 0.0 0.3 1.1 1.0
Property age
Before 1945 28.7 15.7 11.6 14.7 20.7 3.0
1945-1969 36.2 329 30.0 32.2 34.6 17.1
1970-1989 29.5 474 53.1 45.0 37.8 76.6
After 1999 5.6 4.0 5.2 8.2 6.8 3.3
Floor-area
Below 36 m? 1.5 2.0 0.2 0.7 6.0 8.9
36-55 m?2 12.7 12.5 2.7 8.7 30.4 50.2
56-75 m2 29.5 185 13.7 21.0 30.6 35.5
76-100 m?2 41.7 46.1 52.0 44.3 255 4.5
Over 100 m? 14.7 20.9 31.4 25.3 7.5 0.9
Number of rooms
Up to 1 room 74 4.0 1.2 1.6 12.5 7.6
2 rooms 41.0 29.8 21.6 27.7 45.5 52.7
3-4 rooms 46.5 56.2 65.8 61.2 389 38.5
5 or more rooms 5.1 10.0 114 9.6 3.1 1.1
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Settlement type

Capital 0.9 2.6 1.6 17.1 26.4 22,7
County capital 5.3 10.0 11.8 23.1 26.9 57.6
Other town 27.2 36.1 37.0 32.5 31.0 18.0
Village 66.6 51.3 49.7 27.3 15.7 1.7
Grounds for using the property

owner. beneficiary 91.7 94.0 97.8 95.9 88.3 83.4
flat rented on market price 3.3 2.4 1.4 2.5 4.7 7.5
flat rented not on market price 3.6 2.1 0.3 1.2 5.1 7.2
free user. other 1.4 1.4 0.5 0.3 2.0 1.9
Household type

Young c01‘1p1e without a child or 3.8 14 13 16 29 46
a young single person

;:Z“)ple with children (30-54 26.1 223 235 214 17.1 25.7
gzl;ple without children (30-54 21.6 12.3 134 15.2 12.7 13.0
Elderly couple without children 213 21.6 211 192 185 186
(55-64 y.0.)

Elderly retired couple or single 27.2 39.3 37.8 125 18.9 38.2
pensioner

Income status

1st quintile 33.2 13.6 10.5 6.3 14.5 9.3
2nd quintile 24.9 18.2 22.4 14.2 17.3 13.5
3rd quintile 21.7 229 26.1 23.0 21.6 22.6
4th quintile 12.8 24.2 23.2 27.6 22.9 25.7
5th quintile 7.5 21.1 17.8 28.9 23.6 28.9
Educational attainment of HRP

Elementary 46.3 249 22.3 15.9 21.4 11.0
Secondary without high-school 34.8 345 35.3 254 21.9 234
diploma

Secondary with high-school 155 28.7 29.4 31.8 35.7 39.5
diploma

Higher 3.4 11.9 13.0 26.8 20.9 26.1

Note: Values overrepresented compared to the national average are highlighted. Source: Secondary processing of the
National Household Budget Survey 2018.

Table A3. Explanatory power of models (R?) through different model specifications.

Explanatory Power of Models Constructed to Explain Energy Consumer Types (R?)

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6
Building model 0.347 0.117 0.286 0.397 0.231 0.671
Socio-dempgraphic model 0.312 0.063 0.114 0.141 0.207 0.255
Final model 0.415 0.184 0.301 0.440 0.312 0.692

Source: Secondary processing of the National Household Budget Survey 2018.

References

1.  Owusuy, P.A; Asumadu-Sarkodie, S. A review of renewable energy sources, sustainability issues and climate change mitigation.
Cogent Eng. 2016, 3, 1167990, https://doi.org/10.1080/23311916.2016.1167990.

2. United Nations. The 17 Goals. Available online: https://sdgs.un.org/goals (accessed on 12 July 2021).

3. IEA. Energy Access Outlook 2017; IEA: Paris, France, 2017. Available online: https://www .iea.org/reports/energy-access-outlook-
2017 (accessed on 12 July 2021).



Energies 2021, 14, 6718 23 of 23

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

Halkos, G.E.; Gkampoura, E.C. Coping with Energy Poverty: Measurements, Drivers, Impacts, and Solutions. Energies 2001, 14,
2807, https://doi.org/10.3390/en14102807.

Bollino, C.A.; Botti, F. Energy poverty in Europe: A multidimensional approach. PSL Q. Rev. 2017, 70, 473-507,
https://doi.org/10.13133/2037-3643_70.283_4.

Kytka, I; Vacha, T.; Malik, Z.; Véelak, J.; Noskova, S. Study on Energy Poverty in the Danube Region; Czech Technical University:
Prague, Czech Republic, 2019. Available online: https://energy.danube-region.eu/wp-
content/uploads/sites/6/sites/6/2020/02/Studie_Energy_Poverty_in_the_Danube_Region.pdf (accessed on 12 July 2021).
Herrero, S.T. Energy poverty indicators: A critical review of methods. Indoor Built Environ. 2017, 26, 1018-1031,
https://doi.org/10.1177/1420326X17718054.

Boardman, B. Opportunities and constraints posed by fuel poverty on policies to reduce the greenhouse effect in Britain. Appl.
Energy 1993, 2, 185-195.

EU Energy Poverty Observatory. Member State Reports on Energy Poverty. 2019. Available online: Chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/viewer html?pdfurl=https%3A%2F%2Fwww.energypoverty.eu%2Fsites%2Fd
efault%2Ffiles%2Fdownloads%2Fobservatory-documents%2F20-06%2Fmj0420245enn.en_.pdf&clen=2350753&chunk=true
(accessed on 12 July 2021).

Primc, K.; Dominko, M.; Slabe-Erker, R. 30 years of energy and fuel poverty research: A retrospective analysis and future trends.
J. Clean. Prod. 2021, 301, 127003, https://doi.org/10.1016/j.jclepro.2021.127003.

Feldmar, N.; Kiss, C.; Betlen, A.; Safrany, R.; Bajomi, A.Z. Helyzetkép a Magyarorszagi Energiaszegénységrol. 2020. Available

online: https://www .elosztoprojekt.hu/wp-
content/uploads/2021/05/Z%C3%A1r%C3%B3tanulm%C3%Alny_ELOSZT%C3%93.pdf (accessed on 12 July 2021).
OpenExp. European Energy Poverty Index (EEPI). 2019. Available online:

https://www.openexp.eu/sites/default/files/publication/files/european_energy_poverty_index-eepi_en.pdf (accessed on 12 July
2021).

Feldmar, N. Energiaszegénység. In Eves Lakhatdsi Jelentés 2020; Gosztonyi, A., Ed.; Habitat for Humanity: Budapest, Hungary,
2020; pPp- 42-54. Available online: https://habitat.hu/sites/lakhatasi-jelentes-2020/wp-
content/uploads/sites/9/2020/10/hfhh_lakhatasi_jelentes_2020.pdf (accessed on 12 July 2021).

Filop, O.; Lehoczki-Krajsak, A. Energiaszegénység Magyarorszagon. Stat. Szemle 2014, 92, 820-831.

Fellegi, D.; Fulop, O. Szegénység vagy Energiaszegénység? Az Energiaszegénység Definidldsa Eurdpdban és Magyarorszdgon;
Energiaklub: Budapest, Hungary, 2012. Available online:
https://energiaklub.hu/files/study/energiaklub_szegenyseg_vagy_energiaszegenyseg.pdf (accessed on 12 July 2021).

Collins, L.M.; Lanta, S.T. Latent Class and Latent Transition Analysis: With Applications in the Social, Behavioral, and Health Sciences;
John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2010; https://doi.org/10.1002/9780470567333.

Available online: https://www.ksh.hu/docs/hun/xstadat/xstadat_eves/i_qsf003a.html?down=1116 (accessed on 12 July 2021).
Fraley, C.; Raftery, A.E. Model-based clustering, discriminant analysis and density estimation. . Am. Stat. Assoc. 2002, 97, 611—
631, https://doi.org/10.1198/016214502760047131.

Nylund, K.L.; Asparouhov, T.; Muthén, B.O. Deciding on the number of classes in latent class analysis and growth mixture
modeling: A Monte Carlo simulation study. Struct. Equ. Modeling 2007, 14, 535-569, https://doi.org/10.1080/10705510701575396.
Bordass, B.; Cohen, R.; Standeven, M.; Leaman, A. Assessing building performance in use 3: Energy performance of probe
buildings. Build. Res. Inf. 2001, 29, 114-128, https://doi.org/10.1080/09613210010008036.

Huebner, G.M.; Hamilton, I.; Chalabi, Z.; Shipworth, D.; Oreszczyn, T. Explaining domestic energy consumption—The
comparative contribution of building factors, socio-demographics, behaviours and attitudes. Appl. Energy 2015, 159, 589-600,
https://doi.org/10.1016/j.apenergy.2015.09.028.

Menezes, A.; Cripps, A.; Bouchlaghem, D.; Buswell, R. Predicted vs. actual energy performance of non-domestic buildings:
Using post-occupancy evaluation data to reduce the performance gap. Appl. Energy 2012, 97, 355-364,
https://doi.org/10.1016/j.apenergy.2011.11.075.

Guerra Santin, O,; Itard, L.; Visscher, H. The effect of occupancy and building characteristics on energy use for space and water
heating in Dutch residential stock. Energy Build. 2009, 41, 1223-1232, https://doi.org/10.1016/j.enbuild.2009.07.002.

Yohanis, Y.G.; Mondol, ].D.; Wright, A.; Norton, B. Real-life energy use in the UK: How occupancy and dwelling characteristics
affect domestic electricity use. Energy Build. 2008, 40, 1053-1059, https://doi.org/10.1016/j.enbuild.2007.09.001.

Theodoridou, I.; Papadopoulos, A.M.; Hegger, M. Statistical analysis of the Greek residential building stock. Energy Build. 2011,
43, 2422-2428, https://doi.org/10.1016/j.enbuild.2011.05.034.

Steemers, K.; Young Yun, G. Household energy consumption: A study of the role of occupants. Build. Res. Inf. 2009, 37, 625-637,
https://doi.org/10.1080/09613210903186661.



