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ABSTRACT ¢ Serbia is one of the few European countries that does not keep official statistics and does not have
data on heating degree days. A heating degree day (HDD) represents a measure to quantify the energy needs
for heating a building. In order to create a database, six meteorological stations in Serbia had been selected,
for which the heating degree days were calculated for every year in the period 2010-2018. The months with the
highest values of heating degree days were also determined for each year of the analyzed period. In addition to
the annual level, heating degree days in the heating seasons over the analyzed period were calculated for the six
selected stations, as well as the length and the average air temperature of each heating season. In Serbia, heating
season officially lasts from October 15 to April 15. To determine the influence of the calculated annual heating
degree days on fuelwood consumption in households in Serbia, over the period 2010-2018, multiple econometric
models were formulated. The influence of the annual values of heating degree days on fuelwood consumption for
household space heating in Slovenia and Croatia was analyzed, as well. The analysis of energy consumption in the
households of the selected countries showed that wood fuels are mostly used for heating, primarily fuelwood. This
is the reason why this type of fuel was selected for the research.

Keywords: heating degree days, heating season; fuelwood; households; space heating

SAZETAK e Srbija je jedna od malobrojnih europskih zemalja koja ne vodi sluzbenu statistiku i nema podatke
o broju stupanj-dana grijanja. Broj stupanj-dana grijanja mjera je koja se primjenjuje za odredivanje energije
potrebne za grijanje objekta. Kako bi se formirala baza podataka, odabrano je Sest meteoroloskih postaja u Srbiji
za koje je izracunan broj stupanj-dana grijanja za svaku godinu u razdoblju 2010. — 2018. Osim toga, odredeni su
mjeseci s najvecim brojem stupanj-dana grijanja za svaku godinu analiziranog razdoblja. Osim na godisnjoj razi-
ni, izracunan je broj stupanj-dana grijanja u sezonama grijanja tijekom analiziranog razdoblja za Sest odabranih

! Author is higher education associate at University of Belgrade, Faculty of Forestry, Department of Wood Science and Technology, Belgrade,
Republic of Serbia.
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postaja, kao i trajanje i srednja temperatura svake sezone grijanja. Sezona grijanja u Srbiji sluzbeno traje od 15.
listopada do 15 travnja. Izradeni su visestruki ekonometrijski modeli kako bi se u kucanstvima u Srbiji u razdoblju
2010. — 2018. utvrdio utjecaj izracunanih godisnjih vrijednosti broja stupanj-dana grijanja na potrosnju ogrjev-
nog drva. Takoder je analiziran utjecaj godisnjih vrijednosti broja stupanj-dana grijanja na potrosnju ogrjevnog
drva u Sloveniji i Hrvatskoj. Analiza potrosnje energije u kucanstvima u promatranim zemljama pokazala je da
se za grijanje najvise iskoristava drvna biomasa, osobito ogrjevno drvo. 1o je i bio razlog zasto je ta vrsta goriva

odabrana za istraZivanje.

Kljucéne rijeci: broj stupanj-dana grijanja, sezona grijanja; ogrjevno drvo, kucanstva; grijanje

1 INTRODUCTION
1. UVOD

Heating degree days can be explained as a way of
climate influence on energy consumption for house-
hold space heating. Calculation of heating degree days
is based on the height of the daily average air outdoor
temperature values and the length of the heating sea-
son. Both of these variables depend on the type of cli-
mate that is characteristic of a particular area. Heating
degree days have been analyzed in a large number of
countries around the world (Belova et al., 2018; Shen
et al., 2016; Spinoni et al., 2015; Sivak, 2009; Matza-
rakis et al., 2004). In Croatia, this type of research has
been conducted for different areas in the country, as
well as different time periods (Cvitan et al., 2012;
Slijepcevi¢ et al., 2019).

There are three types of climate in Serbia, name-
ly continental, temperate continental and mountain.
Continental climate is characteristic of the Pannonian
Plain and its peripheral area, up to an altitude of 800 m.
This type of climate is characterized by warm summers
and severe winters, and warmer autumns than springs
(source: Republic Hydrometeorological Service of
Serbia, 2020/a). The border between the continental
and temperate continental climate traverses the valley
of the river Zapadna Morava, then enters the valley of
the river Juzna Morava, goes over the Leskovac valley
and the valley of the river NiSava (Geotesla, 2021).
Temperate continental climate prevails in the area
south of this border up to an altitude of 1400 m. This
type of climate is characterized by moderately warm
and dry summers, cold winters and warmer autumns
than springs. Mountain climate that prevails at an alti-
tude over 1400 m is characterized by long, severe and
cold winters with plenty of snowfall and short and cool
summers (Geotesla, 2021). In Croatia, there are also
three main climate areas, namely: continental, moun-
tain and maritime. Continental Croatia has a temperate
continental climate, while at higher altitudes in the
mountainous districts of Gorski kotar, Lika and the Di-
naric Alps, mountain climate prevails. Maritime cli-
mate is characteristic of the coastal parts of the country,
and is characterized by mild winter and warm sum-
mers, without extreme temperature differences be-
tween the seasons (Croatian Meteorological and Hy-
drological Service, 2021). Slovenia also has a temperate
continental climate in most parts of the country, except
in the coastal areas by the sea and in the mountains,
where the maritime and mountain climate prevail (Slo-
venian Environmental Agency, 2021).
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In addition to climate, there is a similarity be-
tween the countries in the final energy consumption in
households. In 2018, households were the largest end-
users of final energy in Serbia and Croatia, and the
third largest in Slovenia. In households in Serbia 38.5
% of final energy was consumed, 34.4 % in Croatia,
and 21.6 % in Slovenia (Eurostat, 2020; Food and Ag-
riculture Organization - FAO and United Nations De-
velopment Program - UNDP projects, 2011, author’s
calculation). Space heating is the major use of energy
in households. In 2018, households in Croatia con-
sumed 68.3 % of energy for this purpose, in Slovenia
61.2 %, while there was no data for Serbia.

The main goal of this research was to define the
dependency between heating degree days in Belgrade,
Novi Sad, Nis, Vranje, Loznica and Zlatibor and fuel-
wood consumption in households in Serbia. In accord-
ance with the aim, the subject of the research was heat-
ing degree days in the six selected meteorological
stations.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

Specialized terminology to calculate heating de-
gree days in the six selected meteorological stations in
Serbia was used, the main determinants of which are
presented below. According to Zivkovi¢ et al. (1998),
the heating day is the day when the average daily out-
door air temperature is lower than 12.0 °C, and the
heating limit temperature (tgg) is the temperature that
defines the beginning and end of the heating period.
The heating limit temperature is 12.0 °C in Serbia. The
heating period represents the number of days, from the
beginning to the end of heating, and is also called the
heating season (Directive on Energy Efficiency of
Buildings, 2011). Calculation of heating degree days
was performed based on air temperature of 20.0 °C in
the heated room (Directive on Energy Efficiency of
Buildings, 2011).

2.1 Calculation of heating degree days
2.1. lzraCun broja stupanj-dana grijanja

The heating season in Serbia officially lasts from
October 15" of the observed year to April 15" of the
following year. However, the heating season can start
in the period October 1-14™ of the observed year, if
the average daily outdoor air temperature is below 12.0
°C in three consecutive days. Also, the heating season
will be extended, if the average daily outdoor air tem-
perature is below 12.0 °C in three consecutive days in
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the period from April 16" to May 3. These rules were
followed when calculating heating degree days in Bel-
grade, Novi Sad, Nis, Vranje and Loznica. In the
mountainous areas, on the mountain Zlatibor to be pre-
cise, the length of the heating season was determined
differently. In accordance with the heating limit tem-
perature, the calculation of the heating degree days in-
cluded the months of May and September. The heating
season in September began when the daily average out-
door air temperature was lower than 12.0 °C in three
consecutive days. The end of the heating season was
announced in May when the daily average air tempera-
ture was equal or higher than 12.0 °C in three consecu-
tive days. If, after three consecutive days with the tem-
perature above 12 °C, the daily average air temperature
falls below 12.0 °C again, the heating will be switched
on, only if the low temperatures last for three or more
days. During the course of the heating seasons, days
when the average daily air outdoor temperature was
equal to or greater than 12.0 °C were not included in
heating degree-days.

According to Zivkovi¢ et al. (1998), the calcula-
tion of annual (January to April, October to December)
heating degree days over the period 2010-2018 was
conducted according to the following formula:

HDD=Z - (t,~ 1)+ (1, ~1,) (1)

Where: Z — number of days in the month when
the difference between the limit heating temperature
and the average daily outdoor air temperature was low-
er than 12.0 °C; ¢, — air temperature in heated spaces in
residential buildings in the heating season (20.0 °C); e
— heating limit temperature (12.0 °C); ¢ — average dai-
ly outside temperature over the heating period.

In Slovenia and Croatia, the same values of the
heating temperature limit and the air temperature in
heated space in residential buildings as those recorded
in Serbia were used to calculate heating degree days
(Slovenian Environmental Agency, 2021; SlijepCevié
etal.,2019). Data for heating degree days for the coun-
tries in the period 2010-2018 were taken from the Eu-
rostat database.

2.2 Characteristics of the selected meteorological

stations in Serbia

2.2. Obiljezja odabranih meteoroloskih postaja u Srbiji

The selection of meteorological stations for the

calculation of heating degree days was carried out by a

combination of the following criteria:

- the number of inhabitants of a city where the mete-
orological station is located;

- climate (in addition to the influence of basic types
of climate, special attention is paid to climate sub-
types; their influence is characteristic of certain,
smaller areas in the country where specific geo-
graphical features change the climate making it dif-
ferent from the climate of the environment);

- the district where the meteorological station is lo-
cated.

According to the first criterion, meteorological
stations located in the three largest cities in Serbia,
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namely Belgrade, Novi Sad and Ni§ were selected. In
Serbia, 23.09 % of the total population lives in Bel-
grade, 4.75 % in Novi Sad and 3.62 % in Nis (Statisti-
cal Office of the Republic of Serbia, 2021). It is as-
sumed that the largest cities have the greatest influence
on final energy consumption in households, especially
their suburbs where fuelwood is used the most. Based
on the second criterion, a meteorological station in
Vranje, a city in southern Serbia, was chosen. The
modified Mediterranean climate prevails in Vranje,
moderately continental in Belgrade and Nis, and in
Novi Sad it varies from moderately continental to con-
tinental. To consider the influence of the mountain cli-
mate on fuelwood consumption in households, a mete-
orological station on the mountain Zlatibor was chosen.
The research conducted during the implementation of
the FAO and UNDP projects has shown that house-
holds in Western Serbia are large consumers of fuel-
wood. This was the reason to select the meteorological
station located in the city of Loznica that has a temper-
ate continental climate. The six selected meteorologi-
cal stations are located in different districts in Serbia.
There are 29 districts in Serbia, with Belgrade being an
independent territorial unit, Novi Sad belonging to the
South Backa District, Nis to the Nisava District, Vranje
to the P¢inja District, Zlatibor to the Zlatibor District,
and Loznica to the Macva District.

2.3 Data sources
2.3. lzvori podataka

The calculation of heating degree days for the se-
lected meteorological stations in Serbia was done for
the period 2010-2018. There are no data on fuelwood
consumption in households in Serbia for the period be-
fore 2010. The analysis of fuelwood consumption in
households in Serbia was conducted on the basis of
data taken from the European Eurostat database, the
census of population, households and dwellings in the
Republic of Serbia, as well as certain FAO and UNDP
projects. The research conducted for the purposes of
these projects has shown that the real data values of
fuelwood consumption in households in Serbia are
much higher than the official data recorded in the Euro-
stat database. In 2018, according to projects results,
energy consumption from fuelwood in households in
Serbia was 60.8 % higher than energy consumption
from wood fuel in households, as recorded in the Euro-
stat database. The implementation of the projects pro-
vided data on the total consumption of fuelwood in
households, whereby it was not divided according to
the purpose of consumption. Therefore, the influence
of heating degree days on energy consumption from
fuelwood for all purposes in households in Serbia was
examined. Also, the influence of heating degree days
on fuelwood consumption for household space heating
in Slovenia and Croatia was examined.

2.4 Econometric modeling
2.4. Ekonometrijsko modeliranje

Regression analysis was conducted to determine
the functional dependency of heating degree days on
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fuelwood consumption in households in Serbia in the
period 2010-2018. Multiple econometric models were
formulated with four (out of a total of six) independent
variables. Durbin-Watson test (DW) of autocorrelation
was a limiting parameter for the number of variables in
the models, given that the data series had been used for
nine years. K-combinations of n elements, without rep-
etition determined the total number of the analyzed
models. To this purpose, the following formula was ap-
plied (Rakocevi¢, 1983):

o=t 2
" \k) kl(n—k)! @)

Where: k£ — number of meteorological stations in
the multiple econometric model (4); n — total number
of meteorological stations (6).

In accordance with the applied formula, 15 mul-
tiple econometric models were formulated. The choice
of the multiple econometric model to determine the
analyzed dependency was made according to the high-
est value of the adjusted correlation coefficient. Single
econometric models were formulated to examine the
dependency between heating degree days in Croatia
and fuelwood consumption for household space heat-
ing in the country, as well as in Slovenia. The choice of
the single econometric model was made according to
the highest coefficient of determination. The statistical
significance of the calculated parameter in the model
equation was assessed using Student’s t-test. Statistical
significance of the correlation coefficient was assessed
by F-test. In order to determine the autocorrelation in
econometric models, Durbin Watson test was used.
Econometric models were developed by using soft-
ware package STATISTICA 7.0.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

heating degree days on fuelwood consumption for
household space heating in Slovenia and Croatia.

3.1 Heating degree days in selected
meteorological stations in Serbia

3.1. Broj stupanj-dana grijanja u odabranim
meteorolo$kim postajama u Srbiji

Over the analyzed period in Serbia, Zlatibor had
the highest annual value of heating degree days, Bel-
grade the lowest, while Novi Sad, Loznica, Ni§ and
Vranje had similar values slightly higher than Belgrade
(Figure 1).

The highest values of heating degree days for all
the analyzed stations were recorded in 2011 (Table 1).
Except for Zlatibor, the lowest values of heating degree
days for all the analyzed stations were recorded in
2014. The lowest value of heating degree days was re-
corded in 2018 on Zlatibor. It was a result of extremely
warm April and May, which had 9 heating days. In
contrast, in the same period in 2014 there was 43 heat-
ing days.

Comparing the last and the first year of the ana-
lyzed period, all the analyzed stations had the higher
heating degree days in 2018 than in 2010. The largest
difference between heating degree days of 529.2 was
determined for Zlatibor, followed by Novi Sad - 283,
Loznica - 291.4, Belgrade - 143.1, Vranje - 69.1 and
the lowest for Nis - 31.8. The highest values of heating
degree days were recorded in January, February or De-
cember. In January, they were recorded in 2010, 2011,
2013,2015 and 2017, in February 2012, and in Decem-
ber 2014, 2016 and 2018. The highest values of heating

Table 1 The highest and the lowest value of heating degree
days in the period 2010-2018

Tablica 1. NajviSe i najniZe vrijednosti broja stupanj-dana
grijanja u razdoblju 2010. — 2018.

Meteorological stations Heating degree days
This chapter contains the following segments: Meteoroloske postaje Broj stupanj-dana grijanja
Heating degree days in selected meteorological sta- : 2011 2014 2018
tions in Serbia; Heating degree days over heating sea- Zlatll.)or 3,841.1 - 3,260.4
sons in Serbia in the period 2010-2018; Energy con- Vranqe 3,092.6 | 2,277.7 -
sumption in household in Serbia; Energy consumption Nf"“ Sad 2,905.5 | 2,158.7 -
for household space heating in Croatia and Slovenia; Nis : 2,814.3 | 2,169.0 -
The influence of heating degree days on fuelwood con- Loznica 2,784.3 | 2,108.8 -
sumption in households in Serbia; and The influence of Belgrade 2,579.8 | 1,969.6 -
- - - Belgrade = Novi Sad Loznica ~ « =« ¢ Nis Vranje Zlatibor
4500
g
@» >
g & 3500
S
ST
o0 §
£ 8 2500
® =
D 'V)
*z
1500
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Year / godina

Figure 1 Heating degree days in selected meteorological stations in Serbia in the period 2010-2018
Slika 1. Broj stupanj-dana grijanja u odabranim meteoroloskim postajama u Srbiji u razdoblju 2010. — 2018.
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degree days were recorded on Zlatibor in January
2017, in February 2012, and December 2016.

3.1.1 Heating degree days over heating seasons
in the period 2010-2018

3.1.1. Broj stupanj-dana grijanja tijekom sezone
grijanja u razdoblju 2010. — 2018.

The lowest values of heating degree days over
heating seasons, over the period 2010-2018, were re-
corded in Belgrade, and the highest on Zlatibor, while
slightly higher values than Belgrade were recorded in
Nis, Loznica, Novi Sad and Vranje. The highest values
of heating degree days, in all meteorological stations,
were recorded in 2011/2012 heating season, and the
lowest in 2013/2014. The highest value of heating de-
gree days of 3993.8 was recorded on Zlatibor, followed
by Vranje 3191.8, Novi Sad 2970.8, Ni§ 2905.3, Lozni-
ca 2841.9, and Belgrade 2640. In 2013/2014 heating
season, the lowest value of heating degree days of
1939.5 was recorded in Belgrade, followed by Nis
2119.4, Loznica 2185.7, Novi Sad 2199.5, Vranje
2293.7 and Zlatibor 3301.6.

The comparative analyses of the heating season
length in Belgrade, Novi Sad, Ni$, Loznica, and Vranje
over the period 2010-2018 showed that it was in the
interval between 140 days and 181 days. In Belgrade,
Ni§ and Novi Sad, the longest heating season was
2016/2017, and in Loznica and Vranje 2011/2012. Ex-
cept in Loznica, where the season 2017/2018 was the
shortest heating season, in all the other stations it was
the season 2013/2014. Also, 2017/2018 heating season
was longer than 2010/2011 only in Belgrade, while in
the other stations it was shorter. The shortest heating
season over the analyzed period, lasting for 140 days,
was recorded in Belgrade. Ni§ and Loznica have al-
ways had longer heating season than Belgrade, as well
as Novi Sad and Vranje. The longest heating season in
Nis lasted for 169 days, in Loznica 170 days, and in
Novi Sad 176 days. The longest heating season of 181
days was recorded in Vranje in 2011/2012. On Zlati-
bor, the heating seasons have different characteristics
compared to the other five analyzed places. The longest
heating season of 225 days was 2010/2011, and the
shortest of 192 days 2017/2018. Accordingly, over the
analyzed period, the heating season length on Zlatibor
started to decrease, the largest difference between the
heating seasons’ length being 33 days. The lowest val-

ues of average air temperature during the heating sea-
sons in Novi Sad, Ni$, Loznica, Vranje and Zlatibor
were recorded in 2011/2012, while in Belgrade it was
the case in 2010/2011. The lowest average temperature
of 1.07 °C was recorded on Zlatibor, in Vranje slightly
higher, 2.36 °C, followed by Ni§ 2.60 °C, Novi Sad
2.73 °C, Loznica 3.29 °C and Belgrade 3.44 °C. The
warmest heating season in Belgrade, Nis, Loznica and
Zlatibor was in 2013/2014 and in Novi Sad and Lozni-
ca in 2015/2016. Belgrade recorded the highest aver-
age air temperature of a heating season of 6.15 °C, fol-
lowed by Loznica 5.75 °C, Ni§ 5.58 °C, Novi Sad 5.47
°C, Vranje 5.39 °C, and Zlatibor 4.50 °C (Figure 2).

3.1.2 Energy consumption in households in
Serbia
3.1.2. Potrosnja energije u ku¢anstvima u Srbiji

In 2018, 101.996 TJ of final energy was con-
sumed in households in Serbia (Sources: Eurostat
2020, FAO and UNDP projects, author’s calculations).
With the exception of 2010, when enormous electricity
consumption was recorded, in the remaining years of
the analyzed period, the consumption of final energy in
households was without major oscillations.

Wood fuels are mostly used for household space
heating, followed by fossil fuels and district heating,
and, finally, electricity. In the group of wood fuels,
fuelwood is mostly used, while the consumption of
wood pellets and briquettes is significantly lower. In
2018, energy consumption from fuelwood was higher
than in 2010. Unlike fuelwood, energy consumption
from fossil fuel for space heating was lower in 2018
compared to 2010. Coal was mostly used, followed by
natural gas, and petroleum products as the least used

3.1.3 The influence of heating degree days on
fuelwood consumption in households in
Serbia

3.1.3. Utjecaj broja stupanj-dana grijanja na potroSnju
ogrjevnog drva u ku¢anstvima u Srbiji
By formulating multiinple econometric models, it

was determined that the changes in heating degree days

in Novi Sad, Loznica, Zlatibor and Vranje have the
greatest influence on fuelwood consumption in house-
holds in Serbia. The influence of heating degree days on
fuelwood consumption in households in Serbia is best
described by a multiple econometric model (the highest
value of adjusted correlation coefficient), with Eq. 3:

''''' Belgrade

Loznica Ni§ === Vranje Zlatibor

o]

(o))

[}

The average air temperature, °C
rednja temperature zraka, °C
~

S

2010/2011 2011/2012 2012/2013

2013/2014

2014/2015 2015/2016 2016/2017 2017/2018

Year / godina
Figure 2 The average air temperature of heating seasons in selected meteorological stations in the period 2010-2018
Slika 2. Srednja temperatura zraka tijekom sezone grijanja u odabranim meteoroloskim postajama u razdoblju 2010. — 2018.
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Table 2 The values of the basic parameters of the model
Tablica 2. Vrijednosti osnovnih parametara modela

Parameter St. error t-test |-test | F,, F005¢
a In=12.45253 0.551940 22.56139 > 108
b 0.24648 0.148699 1.65755 <0
c -0.20489 0.13226 -1.54916 <0 2.5114 .
d -0.32017 0.112997 -2.83345 > os
e 0.10211 0.083928 1.21660 <li0s

Y:2558969 . x?.24648 . x£0,20489 . X;O.320]7 . xg.lOZ]] (3)

Where: x, - heating degree days in Novi Sad; x,
- heating degree days in Loznica; x, - heating degree
days in Zlatibor; x, - heating degree days in Vranje.

The calculated value of the correlation coefficient
of 0.84 shows a very high correlation between the ana-
lyzed variables. In addition, the value of the coefficient
of determination shows that 71.5 % of the variations in
the fuelwood consumption in households in Serbia may
be explained by the changes in heating degree days in
Novi Sad, Loznica, Zlatibor and Vranje. The value of
DW statistics is 1.72, so it cannot be stated with cer-
tainty if the model has an autocorrelation. Since the pa-
rameters b, ¢ and e are not significant, larger deviations
from the stated value can be expected. The basic param-
eters of this model are given in Table 2.

The calculated values of individual parameters in
the model equation mean that if the variables repre-
senting heating degree days in:

- Novi Sad (x)) and Vranje (x,) increase by 1.0 %,
the fuelwood consumption in households in Ser-
bia will increase by 0.25 % and 0.10 %, and if the
variables in

- Loznica (x,) and Zlatibor (x,) increase by 1.0 %, the
fuelwood consumption in households in Serbia will
decrease by 0.20 % and 0.32 %.

The research was based on the assumption that,
with the increase in heating degree days in selected
meteorological stations, fuelwood consumption in
households in Serbia will increase. However, different
results were obtained, which showed that the increase
in heating degree days in Loznica and Zlatibor causes
a decrease in fuelwood consumption in households in
Serbia. These results may be explained by the fact that
households purchase certain quantities of fuelwood be-
fore the start of the heating season. If the heating sea-
son is extended and the prepared quantity of wood is
consumed, households have two options, either to pro-
cure new quantities of fuelwood or to use alternative
fuel. When the heating season extends, the demand for
energy sources on the local market grows and their
price rises accordingly. This rule does not apply to
electricity and therefore one part of households uses
this energy source as a supplement. Also, some house-
holds that use fuelwood for space heating combine it
with coal. The price competitiveness of energy source
will significantly influence the decision whether to pro-
cure additional quantities of wood or coal. Also, it must
be taken into account whether fuelwood can be pur-
chased as split or unsplit.
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3.2 Energy consumption for household space
heating in Slovenia

3.2. Potro$nja energije za grijanje u ku¢anstvima u
Sloveniji

In 2018, energy consumption for household
space heating in Slovenia of 27,313.4 TJ was 28.8 %
lower than in 2010 (Statistical Office of the Republic
of Slovenia, 2020).

Wood fuels are mostly used for space heating,
followed by fossil fuels, significantly less district heat-
ing and electricity, and geothermal and solar energy as
the least used. Fuelwood is mostly used for household
space heating, followed by wood pellets, while con-
sumption of wood chips, briquettes and the consump-
tion residues is much lower. In 2018, the consumption
of fuelwood was lower than in 2010, unlike the con-
sumption of wood pellets and the consumption of wood
chips, briquettes and residues. Also in 2018, the con-
sumption of fossil fuels was lower than in 2010. Extra
light oil and LPG are mostly used for space heating,
followed by natural gas, while coal consumption is
symbolic.

3.2.1 The influence of heating degree days on
fuelwood consumption for household space
heating in Slovenia

3.2.1. Utjecaj broja-stupanj dana grijanja na potro$nju
ogrjevnog drva za grijanje ku¢anstava u
Sloveniji

Over the period 2010-2018, heating degree days
in Slovenia dropped from a record 3136.59 to 2579.61.
The lowest value 0f 2345.72 was recorded in 2014 (Eu-
rostat, 2021). In Slovenia, heating degree days are spe-
cially defined for 13 areas. The highest value of 3457.3
was recorded in 2010 in the area of Gorenjska and the
lowest of 1840.74 in the area of Obalno-kraska in
2014.

The influence of the heating degree days on fuel-
wood consumption for household space heating in Slo-
venia A is best described by a simple econometric
model (the highest value of coefficient of determina-
tion), with Eq. 4:

Y=5.64 - x2 (4)

Positive parameter b and its statistical signifi-
cance show that, with the increase in the heating degree
days in Slovenia of 1.0 %, an increase in fuelwood
consumption for household space heating of 1.02 %
can be expected. The basic parameters of this model
are given in Table 3.

The value of the correlation coefficient of 0.84 is
quite high and it is statistically significant, so it means
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Table 3 The basic parameters of the econometric mode

Tablica 3. Vrijednosti osnovnih parametara ekonometrijskog modela

Parameter S t-test |e-test | F,, Foo0s'
In=1.730259 1,979258 0,874195 <105
: 16,701 +
1.020935 0,249821 4,086658 > 105
Table 4 The values of other model parameters
Tablica 4. Vrijednosti ostalih parametara modela
Parameter S t-test |t-test| F, a F,. 008
In=6.172837 0.879585 7.017897 > Loos
: 26.646 +
0.587916 0.113894 5.161970 > Loos

that there is a very high correlation between the con-
sumption of fuelwood for household space heating in
Slovenia and heating degree days. The value of coeffi-
cient of determination shows that 70.5 % of the varia-
tion in fuelwood consumption for household space
heating in Slovenia can be explained by the change in
heating degree days. The value of DW statistics is 0.99,
which means that it cannot be claimed with certainty
whether the model has an autocorrelation.

3.3 Energy consumption for household space
heating in Croatia

3.3. PotroSnja energije za grijanje ku¢anstava u
Hrvatskoj

In 2018, energy consumption for household
space heating in Croatia was at the level of 65.745 TJ,
or 18.1 % lower than in 2010 (Eurostat, 2021). This
means that in the period 2010-2018, consumption de-
creased at an average annual rate of 2.5 %.

Wood fuels are mostly used for household space
heating, namely fuelwood, while the use of wood pel-
lets and briquettes is significantly lower. Fossil fuels
are the second most important energy source for house-
hold space heating, but their consumption decreased
significantly over the period 2010-2018. Energy con-
sumption from coal decreased the most, by 62.5 %, fol-
lowed by petroleum products by 52.2 % and natural
gas by 21.8 % (Eurostat, 2021).

3.3.1 The influence of heating degree days on
fuelwood consumption for household space
heating in Croatia

3.3.1. Utjecaj broja stupanj-dana grijanja na potrosnju
ogrjevnog drva za grijanje kucanstava u
Hrvatskoj

In Croatia, over the period 2010-2018, heating de-
gree days decreased from a maximum of 2,521.22, to
2,076.47. The minimum value of 1,885.28 was recorded
in 2014 (Eurostat, 2021). Official data for heating degree
days are defined for 23 areas. The highest value of heat-
ing degree days was recorded in 2010 in the Lika-Senj
area (3,040) and the lowest in 2014 in the amount of
1293 in the Split-Dalmatia area. Zagreb, the capital of
Croatia, had a record value of heating degree days of
2715 in 2010, and 2216 in 2018. The lowest value of
1,957 was recorded in 2014 (Eurostat, 2021).

The influence of the heating degree days on fuel-
wood consumption for household space heating in
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Croatia is best described by a simple econometric mod-
el (the highest value of coefficient of determination),
with Eq. 5:

Y=1116.44 - x*¥ (%)

The positive parameter b and its statistical sig-
nificance show that, with an increase in heating degree
days in Croatia of 1.0 %, an increase of fuelwood con-
sumption for household space heating of 0.59 % can be
expected. The value of correlation coefficient of 0.89
shows that there is an extremely high correlation be-
tween the analyzed variables, while the value of coef-
ficient of determination shows that 79 % of the varia-
tion in fuelwood consumption for household space
heating can be explained by the change in heating de-
gree days. Other model parameters have the values
from Table 4.

4 CONCLUSIONS
4. ZAKLJUCAK

By formulating multiple econometric models, it
was determined that the changes in heating degree days
in Novi Sad, Loznica, Zlatibor and Vranje have the
greatest influence on fuelwood consumption in house-
holds in Serbia. The model equation defines that with
the increase in heating degree days in Novi Sad and
Vranje, an increase in consumption of firewood in
households of 0.25 % and 0.10 % can be expected.
Similarly, with the increase in heating degree days in
Loznica and Zlatibor, a decrease in fuelwood con-
sumption of 0.20 % and 0.32 % can be expected. By
simple econometric models for Slovenia and Croatia, it
has been proved that, if the heating degree days in
these countries increase by 1.0 %, an increase in fuel-
wood consumption for household space heating of 1.02
% and 0.59 % can be expected in Slovenia and Croatia,
respectively.

In the coming period, it is necessary to expand
the research and create database for heating degree
days in all districts in Serbia. Creating a database is the
first step for all subsequent research in this field. The
econometric models have shown the initial dependen-
cy of firewood consumption in households in Serbia,
Croatia and Slovenia on the heating degree days. Cer-
tainly, other factors affect the firewood consumption in
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households and they must be the subject of further re-
search.

10.

11.
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