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ABSTRACT

Humanity is currently confronted with a new, unknown, highly contagious virus, where social isolation
and increased personal hygiene seem to be the main means in preventing its spread. The world economy
is very threatened by the new situation, which has not bypassed the energy sector either. The mortality
rate is relatively high, people are not leaving their homes, which is directly reflected in the increase of the
energy consumption in the residential sector. The same is valid for water consumption. For a household
located in Kragujevac (Central Serbia), 4 simulation scenarios were analyzed (S1 - reference case, S2 -
mild protection measures, S3 - semi-quarantine measures, S4 - complete quarantine) to assess the link
between people’s behavior (on the one hand) and the consumption of natural gas, electricity and water
(on the other hand), in the residential sector, in unforeseen circumstances, such as the COVID-19 virus
pandemic. The analysis was conducted numerically for the month of March 2020, using EnergyPlus soft-
ware packages. In defining the above scenarios, a one-minute time step schedule of people’s behavior was
used, taking into account the number of family members in the household, their age, occupation, lifestyle,
habits (all in accordance with cultural and socio-economic circumstances), as well as the measures taken
by the Government of the Republic of Serbia to fight the pandemic. Also, an analysis of energy consump-
tion at the level of the city of Kragujevac for the past three years was made, based on data obtained from
public companies - distributors (thermal energy, natural gas, electricity, water). In this paper, an analysis
of air quality for the same time period was conducted, which is closely related to energy consumption
and limited population movement. The simulatinos show that the consumption of natural gas can
increase by 21.26% (S2), electricity by 58.39% (S4), and the consumption of water from the city water sup-
ply network by 25.45% (S3) compared to the reference case (S1). On the other hand, based on the invoice
for payment of services to distributors, the actual energy consumption that was made on the analyzed
house during the month of March 2020 was: natural gas (260.36 Sm?), electricity (1418 kWh), and water
(22.5 m?). The conducted economic analysis showed that the largest funds at the level of the entire facil-
ity were allocated in S3 (27.33% more than in S1), and that the actual costs were 15.09% higher than in S1,
and 16.41% lower than in S2.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

energy consumption in the residential sector significantly depends
on the people’s behavior (artificial parameters). In the attempt to

In the EU-28, the major fraction of energy is used for heating the
households (77.18% of the final energy consumption in the residen-
tial sector). Only a small fraction of electricity is used for space
cooling (0.04%) and lighting and electrical equipment (2%). Hot
water heating is in the second place with a share of 14.08%, seem
to be where 44% of the required thermal energy originates from
oil and petroleum, while food preparation, i.e. cooking (with
6.26%) is in third place [1]. Apart from climatic parameters, final

* Corresponding Author.
E-mail address: dragan_cw8202@yahoo.com (D. Cvetkovi¢).
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minimize the consumption of final energy in the housing sector,
a large number of published papers deal with predicting the move-
ment of people, their habits and the way of using thermo-technical
systems, applying a variety of available scientific methods [2-10].
Santin et al. in [11] used the KWR database of the Dutch Ministry of
Housing to show that the people’s behavior inside a building
affects the final energy consumption for space heating (4.2%), but
that it largely depends on the characteristics of the building
(42%). The Dutch residental sector was also studied in [12] with
the aim of determining the extent to which the use of natural
gas and electricity is determined by the technical specifications
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Nomenclature
ta Average outdoor air temperature, [°C]
CD Cardinal directions

CHS Central heating system
W Cold water

thw Cold water temperature, [°C]

IpiFe Diffuse solar radiation, [W/m?]

Ipir Direct solar radiation, [W/m?]

DHS District heating system

tpry Dry bulb temperature, [°C]

"B-EB Electric boiler efficiency, [%]

EDS Electricity distribution service

Es-geyin  Final energy consumption for electrical equipment,
[kWh]

Es-pyan  Final energy consumption for lighting, [kWh]

Ecpyin  Final energy consumption for space heating, [kWh]
Es-esyin  Final energy consumption for water heating, [kWh]
Qp.ca Gas boiler power, [W]

HDD Heating degree days, [°C-day]

HW Hot water

thw Hot water temperature, [°C]

NGSS Natural gas supply system

NRS Non-residential sector

U Overall heat transfer coefficient of the building con-

struction, [W/m?K]
) Relative humidity, [%]
RS Residential sector
Re-ppry  Site to source energy conversion factor for electricity, [-

Res-ceypry Site to source energy conversion factor for natural gas,
[-]

es-pcoz  Specific CO, emission for electricity, [kg/kWh]

e(s-ca)coz Specific CO, emission for natural gas, [kg/kWh]

SEC Specific electricity consumption, [kKWh/connection]

SECngs  Specific electricity consumption in NRS, [kWh/connec-
tion]

SECgs Specific electricity consumption in RS, [kWh/connec-
tion]

SHEC Specific heating energy consumption, [kWh/m?]

SHECngs Specific heating energy consumption in NRS, [kWh/m?]
SHECks Specific heating energy consumption in RS, [kWh/m?]

SNGC Specific natural gas consumption, [Sm3/connection]

SNGCngs Specific natural gas consumption in NRS, [Sm?/connec-

tion]

SNGCrs Specific natural gas consumption in RS, [Sm3/connec-
tion]

SwcC Specific water consumption, [m>/connection|]

SWCngrs Specific water consumption in NRS, [m>/connection]

SWCrs  Specific water consumption in RS, [m?/connection]

Qk-tor Total amount of electricity delivered to the users of the
EDS, [kWh]

Qppus-tor  Total amount of thermal energy delivered to the users of
the DHS service, [MWh]

Vw.tor ~ Total amount of water delivered to the users of the

WSSS, [m?]
Viw-toenrs Total amount of water delivered to the users of the
WSSS in NRS, [m?]
Total amount of water delivered to the users of the
WSSS in RS, [m?]
Vncss-tor  Total natural gas consumption in the NGSS, [Sm?]
Moz  Total CO, emission, [kg]
Esysin Total final energy consumption, [KWh]
NEtot Total number of electrical users, [-]
Npus-tor  Total number of users of the DHS service, [-]
Nncss-tor  Total number of users of the NGSS service, [-]

Vw-totrs

Nw.tor  Total number of users of the WSSS, [-]
Ewmpry  Total primary energy consumption, [kWh]
Vpus.tor  Total volume of heating space in the DHS, [m?]

Ve Volume of electric boiler, [L]

WSSS  Water supply system service

twer Wet bulb temperature, [°C]

o Wind direction, [deg]

c Wind speed, [m/s]

Aw(p) Window or door opening area, [m?]
Qze8 Zone electric boiler power, [W]

Qzk Zone electrical equipment power, [W]

4z Zone infiltration, [h™!]
Qzpr Zone lighting power, [W]

Nz-max Zone maximum number of people, [-]
QzcB Zone space heater power, [W]
ZTC Zone thermostat control, [°C]

of the dwelling in relation to the demographic characteristics of
the inhabitants in a sample of over 300,000 homes. The results
showed that the consumption of natural gas is primarily deter-
mined by the characteristics of the building, and that the consump-
tion of electricity directly depends on the composition of the
household. In order to more accurately predict energy consump-
tion in buildings, Fabi et al. analyzed the state of the art of model-
ing resident/inhabitant behavior within energy simulation tools
and proposed new concepts to possibly improve the utilization of
these tools [13]. In [14], Chen and Cook analyzed the distribution
of energy consumption in a home and then presented linear and
nonlinear regression learning models for predicting energy con-
sumption taking into account peoples’s behavior. Based on the pre-
sented models, a website was developed to provide feedback to
end users in order to promote energy efficiency and sustainability
of the residential sector. Shan Hu et al. concluded based on a study
of 4964 households that China should focus on final energy con-
sumption, while maintaining traditional behavior and lifestyle
and promoting energy protection policies [15]. A study conducted
in the city of Hangzhou [16] showed a negative correlation

between the age of residents and energy consumption in homes,
i.e., that older residents show a more favorable pattern of behavior
compared to the younger ones. This study also showed that socio-
economic factors can explain 28.8% of the variations in energy con-
sumption for heating and cooling. Ren et al. developed a physically
based bottom-up model for estimating annual electricity con-
sumption (natural gas and other forms of energy not considered)
in the local community residential sector in New South Wales, Aus-
tralia [17]. A holistic analysis of energy consumption patterns in
residential buildings and overall housing needs in urban and rural
households in Finland were analyzed in [18]. Energy consumption
in the Kuwaiti residential sector in a sample of 30 homes was dis-
cussed in [19]. In [20], the influence of three parameters related to
human behavior (family size, heating system management, heated
space management) on the load of apartment heating in Belgium
was investigated. The energy conservation policy in the residential
sector in the city of Osaka (Japan) was implemented in [21]. Using
data collected by the U.S. Census Bureau, [22] presents a statistical
method for modeling household behavior to estimate energy con-
sumption in the residential sector. In [23], a model that connects
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home and behavioral factors with energy use in the residential sec-
tor is presented. This paper lists the determinants of household
energy use that include socio-demographic factors, family lifestyle,
energy prices, energy-related behavior, efficiency, responsibility,
feedback, and more. An empirical study in [24] aimed to determine
the relationship between the building technology and the behavior
of tenants and their combined effects on energy consumption in
the residential sector. The results showed that 42% of technological
progress directly contributes to the energy efficiency of the house,
suggesting that energy savings also depend on the behavior of
tenants. A simulation of the impact of domestic occupancy profiles
on the energy performance of an energy-efficient house located in
Lithuania was discussed in [25]. The study assessed the impact of
residents’ characteristics and behavior on energy needs for heating,
lighting and ventilation. Four different occupancy profiles were
simulated over one year, using a time step of one hour. Four differ-
ent thermal comfort strategies for different occupancy profiles
were also analyzed. The results of the simulation clearly show that
when performing energy simulations of buildings, the age, behav-
ior and number of occupants must be taken into account, espe-
cially for energy efficient houses. This paper analyzes the impact
of the schedules of people’s behavior, use of lighting, electric and
water equipment (all defined with a one-minute time step) on
the energy and water consumption in the house during emergency
and unforeseen circumstances, which has not been done in the
previously published literature. In order to gain a better insight
into the impact of household behavior on energy and water con-
sumption in the residential sector, this study also assesses the
effect of additional parameters such as the number of household
members, their age, occupation, lifestyle, and habits. For the study
to be as close to reality as possible, people’s behavior is defined in
accordance with the cultural and socio-economic circumstances in
the country, while respecting all measures adopted by the Govern-
ment of the Republic of Serbia in accordance with the law in the
fight against COVID-19 panedemic.

2. Description of the house
2.1. Location parameters

Kragujevac (latitude of 44.02°N, longitude of 20.92°E) is a city in
the central part of Serbia, some hundred kilometers south of Bel-
grade. Kragujevac is situated on the banks of the Lepenica River,
at an altitude of 209 m, in the time zone of GMT + 1 h. The climate
is moderate continental, with pronounced seasons. The summers
are hot and humid, with temperatures reaching +37 °C. On the
other hand, the winters are cold (with temperatures going below
—12 °C) and with snow [26]. The meteorological data for the city
of Kragujevac are shown in Table 1.
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2.2. Building descriptions

In this study, we analyze a three-storey house intended for per-
manent residence of a six-member family spanning three genera-
tions (Fig. 1). The first floor houses grandparents (Fig. 2), while
the second floor houses mom and dad, their son going to primary
school, and their daughter, who is a student (Fig. 3). The third floor
is not functional and represents the attic space (AS).

The surface of each floor is the same and amounts to 109 m?, so
the total area of the house is 328 m?. The total area of the thermal
envelope is 489 m? (with a 16.16% ratio of windows to walls). The
exterior door is oriented to the south (Fig. 2). All the building ele-
ments of which the house is made are shown in Fig. 4, and can be
divided into two groups: exterior (Table 2) and interior (Table 3).

2.3. Thermo-technical systems

2.3.1. Space heating system

In this study, we have opted for hot water radiator heating in
combination with the gas boiler of thermal power Qg.gg = 28 kW
as a heat energy generator, since the use of this type of central
space heating in Serbia is increasing. Out of 14 zones (each room
representing one zone), 12 are thermal zones, as no space heating
is foreseen for the commercial space and attic. Depending on its
purpose, each thermal zone is equipped with a radiator of an ade-
quate heat output and a zone temperature controller (Table 4).

2.3.2. People

The maximum number of people per zone depends on the pur-
pose of the zone and is defined in Table 5.

Depending on the human activity, the amount of heat delivered
to the room in the form of heat gains, according to the recommen-
dations in [28] is: sleeping (72 W), sitting (108 W), learning
(108 W), standing (126 W), cooking (175 W), walking (207 W)
and cleaning (210 W).

2.3.3. Lighting and electrical equipment

Concerning the lighting (Table 6), surface mount fluorescent
lamps [28] were installed in all zones, with their power being
60 W (BA1, BA2, H1, H2, H3) and 100 W (LR, BR1, BR2, BR3, BR4,
K1, K2).

Regarding the electrical equipment, the LR is equipped with a
television, the K1 is equipped with a 200 W fridge and an electric
stove of 2000 W (the same applies to K2), the BA1 is equipped with
a 1200 W hair dryer (as well as the BA2). The children’s rooms (BR2
and BR3) have laptops, while the BR4 is equipped with a TV (like
LR). The house is equipped with 2 irons (2720 W each) and 2 vac-
uum cleaners (2200 W each). In zones BR1, H1, H2, H3, except for
vacuum cleaners, no other electrical equipment is included. The
total power of electrical equipment by zone is shown in Table 6.

Table 1

Meteorological data for Kragujevac [26].
Month tory [°C] twer [°C] Ipier [W/m?] Ipir [W/m?] o [%] o [deg] c [m/s]
January -0.24 -1.44 33.30 63.63 79.92 213.17 2.01
February 0.88 —-0.46 49.39 86.66 79.82 210.60 2.02
March 5.57 3.29 77.08 106.12 72.06 207.98 2.35
April 10.87 7.74 92.65 149.02 67.92 209.06 2.27
May 16.06 12.18 113.30 176.45 66.57 210.08 1.77
June 18.85 14.99 109.50 208.94 69.42 209.51 1.69
July 20.78 16.04 110.60 228.12 64.49 198.04 1.62
August 20.38 15.69 96.25 215.40 64.05 211.45 1.51
September 16.68 13.30 75.54 166.92 71.21 203.79 1.68
October 11.18 8.83 57.34 119.43 76.40 222.28 1.69
November 6.08 4.45 39.83 64.51 79.80 210.38 2.06
December 1.13 0.09 28.66 58.86 83.51 208.33 1.87
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Fig. 1. Isometric view of the analyzed house.
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Fig. 2. Layout of rooms on the first floor LR - Living room, K1 - Kitchen 1, BA1 -
Bathroom 1, H1 - Hall 1, BR1 - Bedroom 1, H3 - Hall 3, CS - Commercial space.

BR3

BR2

Vi
—

Fig. 3. Layout of rooms on the second floor BR2 - Bedroom 2, BR3 - Bedroom 3, BA2
- Bathroom 2, H2 - Hall 2, K2 - Kitchen 2, BR4 - Bedroom 4.

2.3.4. Water supply network

Water from the city water supply network is delivered to the
house via zones BA1 and BA2 located at a common vertical line,
from which it is further distributed to the water use equipment
on the first floor (Fig. 5) and the second floor (Fig. 6).
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Fig. 4. Vertical cross section of the analysed house D - Door, W - Window, EW -
Exterior wall, GF1 - Floor on the ground 1, GF2 - Floor on the ground 2, RC - Roof
construction, IW - Interior wall, IC1 - Intermediate construction 1, I1C2 -
Intermediate construction 2, IC3 - Intermediate construction 3.

As can be seen in Figs. 5 and 6, both the first and second floors of
the analyzed house have the same water use equipment. In the
kitchens (K1, K2), the kitchen sink uses HW for dishwashing and
CW for drinks and food storage. In the bathrooms (BA1, BA2),
HW is used for showering, facial care (bathroom sink) and washing
machine, while CW is used for the toilet. There are 2 electric water
heaters in BA1 and BA2 used for HW preparation (Table 7).

2.3.5. Final and primary energy consumption and carbon dioxide
emissions

The total final energy consumption in house E )5, [KWh] is the
sum of the final energy consumption for the space heating Es-cgyin,
the operation of lighting E g1 3, the operation of electrical equip-
ment Ep.gpyin and the HW preparation Egg.gpyin. It is calculated
using Eq. (1) [27]:

Egyin = E—cByin + E®—£v)fin + EB—£E)fin + E(B—EB)fin (1)

The final energy consumption is directly calculated by the soft-
ware EnergyPlus [28] and their values are used for further calcula-
tion of primary energy consumption and carbon dioxide emissions.

The total primary energy consumption in house E ), [kWh] is
the sum of the primary energy consumption for the space heating
E(s-cB)pry, the operation of lighting Epg1)pry, the operation of electri-
cal equipment Egg_gg)pry and the HW preparation Ep_gp)pry. It is cal-
culated using Egs. (2) and (3) [27]:

Emypry = E—cBypry + Ee-rypry + Ea—£E)pry + EB-EB)pry (2)

Empry = Rg-cBypry  Es-cryin + Rs-jpry
“(E-enyfin + E-pyin + Ep-£nin) 3)

By analogy with the determination of the total final and primary
energy consumption in the house, the total carbon dioxide emis-
sion myg)coz [kg] can be determined using Eq. (4) and Eq. (5) [27]:

Mp)yco2 = Mp-cB)co2 + MB-EL)co2 + MB-EE)co2 + M B-EB)CO2 (4)

Mpyco2 = €B-cB)co2 - Riz-cypry - E(a—cyin + €B-£)co2 - R-E)pry
“(E@-rufin + Ep—eyin + E-emyfin) (5)

3. Software

To simulate thermal behavior of the house design, EnergyPlus
software was used. This software is a very useful tool for modeling
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Table 2
The thermal characteristics of the exterior building elements.
Construction Layer d A P cp U
[m] [W/mK] [kg/m?] [1/kgK] [W/m?K]
D Pine 0.035 0.14 550 2090 4
Glass 0.004 0.9 - - 2.72
Air 0.012 R =0.157 m?K/W - -
Glass 0.004 0.9 - -
EW Styrofoam 0.05 0.041 20 1260 0.55
Clay Block 0.25 0.61 1400 920
Lime mortar 0.025 0.81 1600 1050
FOG1 Stone 0.25 1.16 2000 920 0.63
Gravel 0.05 0.81 1700 840
Unreinforced Concrete 0.15 0.93 1800 960
Reinforced Concrete 0.04 2.04 2400 960
Waterproofing 0.001 0.19 1100 1460
Extruded Polystyrene Foam 0.02 0.03 33 1260
Unreinforced Concrete 0.15 0.93 1800 960
Cement Screed 0.04 14 2100 1050
Ceramic Tiles 0.015 0.87 1700 920
FOG2 Stone 0.25 1.16 2000 920 0.6
Gravel 0.05 0.81 1700 840
Unreinforced Concrete 0.15 0.93 1800 960
Reinforced Concrete 0.04 2.04 2400 960
Waterproofing 0.001 0.19 1100 1460
Extruded Polystyrene Foam 0.02 0.03 33 1260
Unreinforced Concrete 0.15 0.93 1800 960
Cement Screed 0.04 14 2100 1050
Parquet 0.021 0.21 700 1670
RC Tile 0.01 0.99 1900 880 3.38
Roof Cardboard 0.001 0.19 1100 1146
OBS Panel 0.011 0.12 1000 1880
Table 3
The thermal characteristics of the interior building elements.
Construction Layer d A P cp U
[m] [W/mK] [kg/m?] [J/kgK] [W/m?K]
w Lime Mortar 0.025 0.81 1600 1050 1.37
Clay Block 0.25 0.61 1400 920
Lime Mortar 0.025 0.81 1600 1050
IC1 Lime Mortar 0.025 0.81 1600 1050 1.84
Monta 0.16 0.6 1200 920
Cement Screed 0.04 14 2100 1050
Reinforced Concrete 0.04 2.04 2400 960
Ceramic Tiles 0.015 0.87 1700 920
1C2 Lime Mortar 0.025 0.81 1600 1050 1.6
Monta 0.16 0.6 1200 920
Cement Screed 0.04 14 2100 1050
Reinforced Concrete 0.04 2.04 2400 960
Parquet 0.021 0.21 700 1670
IC3 Lime Mortar 0.025 0.81 1600 1050 1.83
Monta 0.16 0.6 1200 920
Cement Screed 0.04 14 2100 1050
Reinforced Concrete 0.04 2.04 2400 960

energy and environmental behavior of buildings. The software runs
dynamic analysis on hourly or smaller time steps. The program
was initially developed by Lawrence Berkeley National Laboratory,
U.S. Army Construction Engineering Laboratory, and the University
of Illinois [30]. The software can also take into account how people
use a building during its space air conditioning. This allows for the
complex schedules of HVAC systems to be defined together with
the schedules for the use of lighting, internal energy devices and
occupancy in the building.

4. Simulation scenarios

In general, each country affected by the COVID-19 virus has
implemented special measures to prevent the further spread of

the epidemic. The adopted measures depend on when the first
infected person (a zero patient) emerged, the current state of
the health system, the burden on the health system, the way
the state leadership viewed and experienced the whole situation,
the consciousness of citizens, the socio-economic situation in the
country, political opportunities, and a number of other influen-
tial factors. The first case of infection in the Republic of Serbia
was recorded on 6 March 2020. From that moment on, the gov-
ernement took a number of measures to slow down the spread
of the epidemic, which included the inclusion of some very dif-
ficult and rigorous measures to protect the health of the citizens
of Serbia (Table 8).

In this paper, all the protection measures (Table 8) were first
sorted into four large categories, on the basis of which 4 simulation
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Table 4
Characteristics of zone space heaters [27].
Floor Room qz[h™] ZIC [°C] Qzce [W]
00:00-06:00 h 06:00-21:00 h 21:00-24:00 h
1 LR 0.5 15 20 18 1843.03
K1 1.5 15 20 18 2934.11
BA1 1.5 15 22 18 926.83
H1 0.5 15 20 18 1526.34
BR1 0.5 15 20 18 961.63
H3 0.5 15 20 18 683.11
(& 0.5 - - - -
2 BR2 0.5 15 20 18 2558.13
BR3 0.5 15 20 18 2533.95
BA2 1.5 15 22 18 1179.88
H2 0.5 15 20 18 2142.14
K2 1.5 15 20 18 3474.34
BR4 0.5 15 20 18 2340.01
3 AS 2 - - - -
Table 5
Zone maximum number of people.
Floor 1 2 3
Room LR K1 BA1 H1 BR1 H3 LOC BR2 BR3 BA2 H2 K2 BR4 AS
nz-max [-] 6 6 1 6 2 1 - 1 1 1 4 4 2 -
Table 6
Characteristics of zone lighting and electrical equipment.
Floor 1 2 3
Room LR K1 BA1 H1 BR1 H3 LOC BR2 BR3 BA2 H2 K2 BR4 AS
QzpL [W] 100 100 60 60 100 60 - 100 100 60 60 100 100 -
Qzee [W] 100 2200 1200 - - - - 135 135 1200 - 2200 100 -
1 0o
9 i oo
1< |3 23
| K
(& |
i
— L
SIEI=N ===

Fig. 5. Water supply network on the first floor.

scenarios analyzing the consumption of natural gas, electricity and
water were elaborated.

4.1. Scenario S1

The first scenario is based on the behavior of house residents in
normal conditions before the COVID-19 outbreak. In this reference
scenario, the grandparants are in charge of all household chores

Fig. 6. Water supply network on the second floor.

(grocery shopping, preparation of meals, cleaning, ironing, etc.)
The parents are at work until 16:00. As not all of the members of
the household are present in the house in this period of time,
and considering that one child studies at a university in another
city, the house is not used in its entirety. Therefore, the radiators
in the kitchen K2 and the bedroom BR2 are turned off in this per-
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Table 7
Characteristics of zone water use equipment [29].
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Floor Room Electric boiler Type of end-use
Vzep [L] Qze3 [W] HW taw [°C] (8% tew [°C]
1 K1 - - Kitchen sink 40 Kitchen sink 10
B1 80 2000 Shower 38 Toilet 10
Bathroom sink 35
Washing machine 60
2 K2 - - Kitchen sink 40 Kitchen sink 10
B2 80 2000 Shower 38 Toilet 10
Bathroom sink 35
Washing machine 60
Table 8 4.1.2. Saturday

Measures put in place by the Government of the Republic of Serbia in the fight against
the COVID-19 virus during the month of March 2020 [31].

Date  Description

10.03  Excursions and study trips have been postponed
Flights from Nis Airport have been canceled

11.03 The number of people indoors is limited to max 100
Scheduled celebrations have been canceled
A global pandemic by the WHO has been declared

12.03 Self-isolation for Serbian nationals coming from affected areas for 14
and 28 days has been introduced

13.03 44 smaller border crossings have been closed for foreign nationals
(except for Serbian ones)

15.03 Persons older than 65 years are recommended not to leave homes
It is recommended that personal hygiene be maintained at the
highest possible level
Declared state of emergency in Serbia

16.03  All border crossings for foreign nationals have been closed

17.03 The number of people indoors is limited to 1 person per 4 m?
Persons older than 65 are prohibited from moving between 10:00 and
24:00 h
Curfew was introduced between 20:00 and 05:00 h

19.03  Flights from Belgrade airport have been canceled
Border crossings for passenger traffic have been closed

20.03 Intercity traffic have been suspended

21.03 Catering facilities have been closed
Public transit has been suspended
The number of people indoors is limited to max 5
Gatherings in parks have been prohibited
Curfew was introduced from 17:00 to 05:00 h

iod, to reduce the heating costs. In order to compute the final and
primary energy consumption and the related CO, emission as
accurate as possible, three typical time-schedules for using the dif-
ferent house zones with respect to the occupancy, lighting and
electrical equipment are considered (each one with a one-minute
time step): Weekday, Saturday, and Sunday.

4.1.1. Weekday

On weekdays, mom and dad are at work from 08:00 to 16:00 h,
while the son is at school from 08:00 to 14:00 h. Grandpa pur-
chases daily groceries from 10:00 to 11:00 h. Grandma spends
15 min daily preparing breakfast (06:45-07:00 h), 2 h preparing
lunch (14:30-16:30 h) and 1 h preparing dinner (19:00-20:00 h).
Breakfast is from 07:00 to 07:30 h, lunch from 16:30 to 17:30 h,
and dinner from 20:00 to 20:30 h (Fig. 7). Bathrooms (BA1, BA2)
are used on a daily basis as follows: 15 min per person in the morn-
ing, 1-5 min per person during the day (depending on need) and
30 min per person in the evening (8 min are scheduled for show-
ering, 15 min for hair drying and 7 min for washing, brushing,
etc.). The time-schedule of using the bathroom BA2 during the
working day is shown in (Fig. 8).

Saturday is the first non-working day, which means everyone in
the house sleeps longer than usual (until 08:00 h). After breakfast
(09:00-09:30 h), the grandparents go to the market (10:00-
13:00 h), the son is also outside (10:00-15:00 h), while the mother
uses this time for cleaning and vacuuming of all rooms in the house
(10:00-12:00 h). Lunch starts earlier in the day (15:00 h), after
which the time is used to rest and study (16:00-19:00 h). The fam-
ily traditionally goes out for dinner on Saturdays, so there is no one
at home from 19:00 to 21:30 h (Fig. 9). This period of absence is
used for laundry in the bathrooms BA1 and BA2 (Fig. 10).

4.1.3. Sunday

Sunday is the day when all family members spend time
together (on a Sunday service in the local church, a picnic in the
park, or a walk in the nature) (09:00-11:30), which means that
breakfast starts at 08:00 h. Before going to the family gathering,
the washing machines (BA1, BA2) are put into operation to com-
plete the washing cycle before the family returns home (Fig. 11).
Once at home, the grandmother and mother set aside about
90 min for weekly ironing. Sunday lunch runs from 15:00 to
16:00 h, and dinner from 20:00 to 20:30 h (Fig. 12). This day is gen-
erally reserved for rest, study, meeting family members and
preparing for the new workweek (Fig. 13).

4.2. Scenario S2

Due to the global pandemic, the daughter returned home from
college. The government has put in place a number of measures
(Table 8) which include recommendations that the elderly should
not leave their homes and avoid contacts with other members of
the household, as they are the most endangered category. Greater
hand hygiene and room ventilation are also recommended. Due to
all of the above, the laundry is washed and ironed 3 times a week,
the house is cleaned and vacuumed daily, and the ventilation of
each room is done several times a day (Table 9). Curfew in this sce-
nario starts from 17:00 h and ends until 05:00 h the next day, so
the mother and father continue to go to work and the son goes
to school. The daughter (since she has no major commitments in
college) is most involved in housework, which includes going to
the store, preparing lunch, cleaning the upper floor, etc. As a ban
on Saturday and Sunday was introduced, one schedule is consid-
ered for the first floor for each day during the week, while for
the second floor two schedules are considered: weekdays and
weekends.

4.2.1. Weekday

Grandparents on the first floor get up at 08:00 h. Breakfast is
from 08:30 to 09:00 h, lunch is from 15:00 to 16:00 h, while dinner
is from 19:00 to 19:30 h (Fig. 14). By 09:30 h they spend time in
the living room LR, after which they get ready for bed (Fig. 15). This
means that they are in bedroom BR1 from 10:30 h. Grandparents
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Fig. 7. Schedule for using the kitchen K1 during the weekdays for Scenario S1.
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Fig. 8. Schedule for using the bathroom BA2 during the weekdays for Scenario S1.
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Fig. 9. Schedule for using the kitchen K1 during Saturday for Scenario S1.

generally spend time together, except when grandma washes laun-
dry, irons, or cleans the first floor rooms.

For the family members on the second floor, mom, dad and
son keep the responsibilities from the scenario S1. The daugh-
ter sleeps a little longer (Fig. 16), and later devotes herself to
housework while mom and dad are at work and their son is at
school. Lunch time is 16:30 h and dinner is 19:00 h (Fig. 17).
The time between meals is generally spent by everyone in
their rooms.

4.2.2. Weekend

On weekends, mother and father have breakfast from 08:30 to
09:00 h. Children sleep longer (until 09:45 h) so that they have
breakfast separately from their parents from 10:15 to 10:45
(Fig. 18). They all have lunch from 16:00 to 17:00 h, and dinner
from 20:00 to 20:30 h. As mentioned above, a restraining order
was introduced on weekends, so all family members spend time
at home in various ways (resting, talking, reading, studying), but
with less socializing.
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Fig. 10. Schedule for using the bathroom BA2 during Saturday for Scenario S1.
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Fig. 11. Schedule for using the bathroom BA2 during Sunday for Scenario S1.
L~_"sPeople eeceeee Lighting ===-=- Electric equipment
3 b L LI 2500
by |1===== i i-=1 1
4 Iy ' I 1 ]t 2000
. I ' I ! i | —
53 Iy ; b | 1500 &,
g I i I P 5
52 i ' . 1 1000 £
3 l: 1 H | 1 ! v | -
% I | . P 500
i o L.
0 "':"."T"T"r'"."'.":""f":"."?"!'"ﬁ""&Tiz;'—r—"'zl'""ﬁ';"?—"7" 0

P OO N N N N NN NIRRT RNNIIILRRNIIIIIDIDS®
S NN Q S QL9 QLS QQQQ Q AN SRS NN QQQQ
ST NSO Q) S S 03

QQQ\@’Q“’QQQQQ

NN SN N SN SN B NI AR S

Time [h]

Fig. 12. Schedule for using the kitchen K1 during Sunday for Scenario S1.

4.3. Scenario S3

In this case, even more drastic measures were taken by the
state, which included the closure of kindergartens, schools and col-
leges, while part-time or four-hour working hours were foreseen
for persons in employment. After 13:00 h, the ban on moving
and leaving homes that applies to everyone comes into force. On
weekends, as in the previous scenario, a one-day travel ban applies.
It is easy to conclude that in this scenario the first floor schedule is
the same as in the previous scenario, whereas the changes in

behavior occur only on the second floor, i.e. in the part of the house
where the younger family members live. Figs. 19-21 show sched-
ules for the kitchen K2 and for the bedrooms BR2 and BR4 valid on
weekdays.

4.4. Scenario 54

This scenario involves a total ban on movement, which is put in
place in the most drastic and most dangerous situations for human
health. In this case, only one person is allowed to leave the house
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Fig. 13. Schedule for using the living room LR during Sunday for Scenario S1.
Table 9
Zone ventilation schedule for weekdays during the month of March 2020.
Floor Room Awp)y [m?] cD Ventilation [h]
I 1l 1l
1 LR 1.76 S 10:20-10:25 16:00-16:05 19:30-19:35
K1 1.68 E 10:30-10:35 16:00-16:05 19:30-19:35
BA1 0.36 N 10:10-10:15 16:00-16:05 19:30-19:35
H1 2.94 S 10:40-10:45 16:00-16:05 19:30-19:35
BR1 1.68 N 10:00-10:05 16:00-16:05 19:30-19:35
H3 0.96 w 10:50-10:55 16:00-16:05 19:30-19:35
LOC - - - - -
2 BR2 1.76 S 11:05-11:10 17:32-17:37 19:32-19:37
BR3 1.76 N 11:10-11:15 17:32-17:37 19:32-19:37
BA2 0.36 N 11:20-11:25 17:32-17:37 19:32-19:37
H2 3.26 N 11:50-11:55 17:32-17:37 19:32-19:37
K2 1.76 N 11:30-11:35 17:32-17:37 19:32-19:37
BR4 1.76 S 11:40-11:45 17:32-17:37 19:32-19:37
3 AS - - - - -
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Fig. 14. Schedule for using the kitchen K1 during all days for Scenario S2.
once a week for a period of 2 h to go to the store (Thursday is 5. Results and discussion
assumed in this scenario). Hygiene is still very important, as is ven-
tilation. Inhabitants try to spend as little time together as possible. 5.1. Energy-ecological indicators of the city of Kragujevac
Schools and colleges do not work. The same applies to other com-
panies and institutions. The days are monotonous, so the family 5.1.1. District heating system
spends a lot of time reading, watching TV and in other leisure acti- The characteristics of the city district heating system during the
vites. Figs. 22 and 23 show schedules for the bedrooms BR1 and month of March for the last three years (2018-2020) are presented
BR3, which are now valid throughout the week. in Tables 10, while Table 11 shows energy consumption corre-
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Fig. 15. Schedule for using the bathroom BA1 during all days for Scenario S2.
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Fig. 16. Schedule for using the bedroom BR2 during weekdays for Scenario S2.
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Fig. 17. Schedule for using the kitchen K2 during weekdays for Scenario S2.

sponding to the delivered quantities of thermal energy to user
(housing sector - RS, non-residential sector - NRS) during the same
period.

Functional dependence between specific heat consumption (Q.
pHs-tot/ VDHs-tor Tatio) and the degree of the heating day (blue line
- RS, red line - NRS) in the district heating system in the city of
Kragujevac during March for the last three years (2018-2020) is
shown in Fig. 24.

11

In Fig. 24. it can be noticed that the monthly specific consump-
tion of thermal energy in the non-residential sector is higher than
the monthly specific consumption of thermal energy in the resi-
dential sector: 2018 (for 0.92 kWh/m? of heated space), 2019 (for
0.27 kWh/m® of heated space). Unlike previous years, in March
2020 there was a discontinuity in the specific heat consumption
(as evidenced by the coefficient of determination for the equation
describing the specific heat consumption in the residential sector
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Fig. 18. Schedule for using the kitchen K2 during weekends for Scenario S2.
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Fig. 19. Schedule for using the kitchen K2 during weekdays for Scenario S3.
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Fig. 20. Schedule for using the bedroom BR2 during weekdays for Scenario S3.

= 0.6546, i.e. heat consumption in the residential sector was
much higher than anticipated), precisely because of the COVID-
19 virus pandemic and the implemented precautionary measures
(Table 8), due to which the monthly specific heat consumption in
the residential sector was 60 Wh/m> of heated space higher than
in the non-residential sector.

12

5.1.2. The natural gas supply system

Consumption of the natural gas during the month of March in
the past three years (2018-2020) according to the type of user is
shown in Table 12.

The specific consumption of natural gas in the residential sector
during March 2018 was 186.2 Sm>/connection. In 2019, this value
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Fig. 21. Schedule for using the bedroom BR4 during weekdays for Scenario S3.
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Fig. 22. Schedule for using the bedroom BR1 during all days for Scenario S4..
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Fig. 23. Schedule for using the bedroom BR3 during all days for Scenario S4..
Table 10
Characteristics of the district heating system during the month of March on the territory of the city of Kragujevac [32,33].
Month Year ta [°C] HDD [°C-day] Nptis-tor [~] Viis-tor [ Qoris-tor [MWh]
RS NRS* RS NRS RS NRS
March 2018 6.6 415 20,327 1125 2,762,942 1,233,372 22,853 11,329
2019 9.1 338 20,478 1123 2,778,745 1,174,907 19,834 8,698
2020 7.6 384 20,560 1103 2,757,433 1,179,292 23,709 10,067

" Public buildings (schools, kindergartens, social and health institutions, shopping-malls, theatres, cinemas, museums, etc.), industrial facilities, etc.
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Monthly energy consumption of the district heating system on the territory of the city of Kragujevac [32].

Month Year Natural gas [Sm?] Coal [t] Fuel oil [kg] Electricity [kWh]
March 2018 537,932 14,125 1,212,460 2,221,870

2019 538,744 10,122 840,400 1,871,489

2020 907,230 12,903 723,380 2,121,321

02018 02019 ©2020 the territory of the city of Kragujevac, during the mentioned per-

95 { : iod, increased from year to year (Fig. 26).

-
2 og |[SHECs=00231- HDD 03873 _-a
g 7 R? =0.9983 5.1.4. Water supply system
£ g5 Water consumption on the territory of the city of Kragujevac
Q . . .
n / a according to the type of user is shown in Table 14.
gé 810 T The total water consumption on the territory of the city of
‘é"i 75 - : Kragujevac in March 2018 was 820,029 m>. In March 2019 total
£ . . 3 o
g ° SHEC = 00159 - HDD + 1.9806 water consumption at the city level was 812,143 m~, while in
s 7.0 o R220.6546 March 2020 during the COVID-19 virus pandemic it was
S 65 | | | 841,565 m>. Specific water consumption in March 2010 in the res-
& 320 340 360 380 400 420 idential sector was 10.21 m3/connection, and in the same period in

Heating degree days [°C-day]

Fig. 24. Monthly consumption of thermal energy depending on the heating degree
days and the type of user on the territory of the city of Kragujevac.

was 124.79 Sm>/connection, and during the epidemic in March
2020, 146.53 Sm>/connection. The specific consumption of natural
gas in the non-residential sector during the same period was: 2018
(1736 Sm>/connection), 2019 (1087.8 Sm>/connection), while for
2020 these data were not available at the time of their collection
(Table 12). If the consumption of natural gas in the housing sector
during of March 2020 is compared with the same periods from
2019 and 2018, it can be concluded that in the first case it was
higher by 12.79%, and in the second lower by 27.08%. This phe-
nomenon can be explained by a significant difference in the mean
daily temperature during the month of March in the analyzed per-
iod (ta).

5.1.3. Power distribution system

Considering that people during the pandemic spent most of
their time in their homes during of March 2020 (Table 8), the
specific consumption of electricity in the housing sector (Table 13)
was higher compared to the same period in 2018 (for 1.62 kWh/-
connection), and 2019 (by 33.91 kWh/connection), which is, in
percentage terms, higher by 0.25% compared to 2018 and 8.34%
compared to 2019. Specific electricity consumption in the non-
residential sector (Table 13) during March 2020 was lower com-
pared to the same period in 2018 (by 419 kWh/connection, i.e.
by 25.38%) and in 2019 (by 214.75 kWh/connection, i.e. by
13.03%). If we look at the total specific electricity consumption at
the level of the entire city, it can be concluded that in March
2020 it was the lowest, and amounted to 2058.14 kWh/connection
(Fig. 25), which can be attributed to a large share of the non-
residential sector in electricity consumption. Due to all the above,
the percentage share of RS in the total electricity consumption on

Table 12

the non-residential sector 174.16 m>3/connection. The rise in water
consumption during March 2020 can be attributed to the increased
presence of people in their households.

5.1.5. Quality of air

Due to the protection measures adopted by the Government of
the Republic of Serbia in March 2020 (Table 8), which affected
energy consumption and traffic intensity, as well as the fact that
in March 2019, the average daily temperature was higher than
the same period in 2018 and 2020 (Table 10), air quality on the ter-
ritory of the city of Kragujevac in March 2019 and 2020 it signifi-
cantly improved compared to March 2018, as evidenced by the
diagrams of concentrations of SO, (Fig. 27), CO (Fig. 28) and NO,
(Fig. 29).

5.2. The numerical model of a case study

5.2.1. Final and primary energy consumption and carbon dioxide
emissions

Fig. 30 shows the final and primary energy consumption in the
analyzed house during the month of March 2020 for all 4 scenarios
examined. The energy needed for space heating (thermal energy)
originates from natural gas, while electricity is used for heating
water, operating electrical equipment and lighting. The final (ther-
mal) energy consumption for space heating is the lowest in S1
(2287 kWh), which is understandable, since the presence of the
house residents is lower compared to the other analyzed scenarios
Moreover, the radiators in BR2 and K2 are switched off. With the
introduction of mild measures in S2 (social distancing of the
elderly, the daughter returning from the college, additional venti-
lation, hygiene measures, etc.), the consumption of thermal energy
is increased to 2773 kWh (by 21%). S3 shows a slight decrease
compared to S2 (by 64 kWh). The reason lies in the greater involve-
ment of the electrical equipment due to the ban on movement of
people after 13:00 h, which further leads to an increase of thermal

Monthly consumption of natural gas according to the type of user on the territory of the city of Kragujevac [34].

Month Year Nigss-tor [-] ViGss-tor [STY’]
RS NRS RS NRS
March 2018 9405 287 1,751,239 498,344
2019 9821 309 1,225,597 336,131
2020 10,280 * 1,506,298 *

" Data were unavailable at the time of their collection due to technical problems with distributors.
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Table 13
Monthly electricity consumption according to the type of user on the territory of the city of Kragujevac [35].
Month Year Netor [-] Qe-cor [KWh]
RS NRS RS NRS
March 2018 74,755 9034 30,327,222 18,698,822
2019 75,044 9229 28,021,417 17,217,409
2020 75322 9502 30,679,385 15,68,6146
02018 ©@2019 ©2020 486 kWh in S2, its share is 62%, because, on the other hand, elec-
2500 tricity consumption jumped by 54%, mainly due to the operation
£ 2070 of electrical equipment, which now has a share of 21%
g 2000 1866 (945 kWh). Domestic hot water consumption increased by
z'g 1651 155 kWh due to more family members being present in the house
(== . .
S8 1500 H at the same time, but its share decreased by 1% due to a smaller
j§ g growth gradient. The final energy consumption of S3 and S4 is
E § 1000 N N the same in the percentage terms, with the consumption of ther-
o) . . .
= — 206 | mal energy decreasing and the consumption of electricity increas-
] ing (Figs. 30 and 32).
& . | ’—I_,—I Fig. 33 shows the daily final energy consumption (as well as
RS ' NRS water consumption from city water supply in the S2 analyzed

Sector

Fig. 25. Monthly specific electricity consumption according to the type of user on
the territory of the city of Kragujevac.

gains coming from the electrical equipment. It is easy to conclude
that the thermal gains are highest in S4, when a complete ban on
movement is introduced, which directly affects the final energy
consumption for heating, which in this case is the smallest and
amounts to 2684 kWh, consuming 281 Sm? of natural gas [34].

In terms of electricity consumption, it is steadily increasing
with the introduction of new measures, and is equal to
1127 kWh (S1), 1736 kWh (S2), 1778 kWh (53), and 1785 kWh
(S4). If, according to the recommendations in [27], it is assumed
that R-caypry = 1.1 and Regejpry = 2.5, it can be concluded that the
primary energy consumption for space heating is the highest in
S2 (3051 kWh), and for operation of electrical appliances in S4
(4463 kWh). In addition to the final and primary energy consump-
tion, CO, emissions are also a very important energy and environ-
mental indicator of the sustainability of the housing sector. If it is
adopted that e.cpjco2 = 0.2 kg/kWh and ep_g)co2 = 0.53 kg/kWh
[27], the highest CO, emission is in S4, i.e., 2956 kg (Fig. 31).

In the total final energy consumption balance, the electricity
accounts for 33% (lighting 2%, electrical equipment 15%, hot water
preparation 16%), and the heating originating in natural gas for 67%
(S1). Although the thermal energy consumption is higher by

RS
(16%)

NRS
(84%)

NRS
(83%)

house during the month of March 2020. The energy consumption
in the second half of March diminishes due to the higher outdoor
temperatures.

5.2.2. Space heating system

Fig. 34 shows the consumption of heat by the premises during
March in the analyzed house. As already mentioned, heating of
BR2 and K2 is not included in S1, so the thermal energy consump-
tion is the highest in the adjacent rooms: BR3 (358 kWh), H2
(309 kWh) and BR4 (277 kWh). The thermal energy consumption
in K1 is 292 kWh due to the large air change (Table 4). The S2
brings with it a change in work habits. The grandparents were iso-
lated from the rest of the family, and the daughter returned home
from college. The first floor and the second floor function indepen-
dently of each other. Heat consumption is highest in the following
zones: K2 (420 kWh), BR3 (357 kWh), and K1 (330 kWh). The ther-
mal energy consumption in BR2 is 251 kWh.

In the diagram of Fig. 34 it can be observed (when S1 is com-
pared with S2) that the heat consumption in BR1 is reduced by
45 kWh. The same applies to the following rooms: BR3 (from
385 kWh to 357 kWh), BR4 (from 277 kWh to 240 kWh), LR (from
176 kWh to 162 kWh), BA1 (from 156 kWh to 147 kWh), BA2 (with
218 kWh at 179 kWh), H2 (from 309 kWh at 265 kWh) and H3
(from 107 kWh to 86 kWh). The reason for this is precisely the
heating of rooms BR2 and K2, which is why the internal tempera-
tures in the adjacent rooms are now much higher (looking from
rooms adjacent to BR2 and K2), and that is in line with the results

NRS
(80%)

Fig. 26. The Percentage share of RS in the total electricity consumption during March in the territory of the city of Kragujevac for the period 2018-2020.
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Table 14
Monthly water consumption according to the type of user on the territory of the city of Kragujevac [36].
Month Year Nw-tor [-] Viv-tor [M]
RS* NRS* RS NRS
March 2018 * * 612898 207,131
2019 - * 627071 185,072
2020 64000 1080 653,476 188,089

" Data were unavailable at the time of their collection due to technical problems with distributors.
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Fig. 27. Hourly SO, concentrations during March [37]. * Due to the malfunction of the equipment, the

concentration of SO, was not measured during March 2018.
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Fig. 28. Hourly CO concentrations during March [37].

presented in [38]. Fig. 34 also shows that heat consumption in K1
and H1 increased by 38 kWh and 12 kWh, respectively. Namely, in
K1 there are now only two people (Fig. 14), so the thermal gains
from people, lighting and operation of electrical equipment are
now smaller, and they have to be offset by the additional work of
heaters. The same applies to the H1, because there is almost no
retention in that room. The consumption of thermal energy in
the premises is greatly influenced by the additional ventilation that
is performed daily, according to the schedule determined in

16

Table 9. Due to the above measure proposed by the health author-
ities of the Republic of Serbia, the final energy consumption in S2 is
higher by 15%. Fig. 35 shows the change in internal temperature in
the LR during its ventilation on March 5, whereas Fig. 36 shows the
change in internal temperature in BR3 during its ventilation on the
same day. After the introduction of the measures from S3, the ther-
mal energy consumption in the rooms is (see Fig. 34): BR1
(118 kWh), BR2 (238 kWh), BR3 (332 kWh), BR4 (222 kWh), LR
(162 kWh), K1 (330 kWh), K2 (416 kWh), BA1 (147 kWh), BA2
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Fig. 29. Hourly NO, concentrations during March [37].
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Fig. 30. Monthly final and primary energy consumption in the analyzed house.
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Fig. 31. Monthly CO, emission from the analyzed house.

(179 kWh), H1 (216 kWh), H2 (264 kWh), H3 (86 kWh). If we com-
pare S3 with S2, in terms of percentages, the average energy sav-
ings per room is about 2%. If there was no additional ventilation,
this savings would be as high as 18%. In the most rigorous mea-
sures (S4), thermal energy consumption would further decline in
BR1 (from 238 kWh to 230 kWh), BR2 (332 kWh to 325 kWh),
BR3 (from 221 kWh to 205 kWh). On the other hand, heat con-
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Fig. 32. Monthly final energy consumption in the analyzed house by type of end-
user.

sumption increases in K2 (from 416 kWh to 418 kWh) and in
BA2 (from 179 kWh to 182 kWh). Looking at Fig. 19, it can be seen
that 2 people are involved in preparing lunch (mother and daugh-
ter together), whereas in S4 this is not the case (only one person
allowed in the kitchen when preparing a meal). As S4 implies a
total movement ban, less attention is paid tohand hygiene, result-
ing in less frequent use of the upstairs BA2. Compared to S1, heat
consumption in S4 increased about 15%. Compared to S2, a savings
of 3% is achieved, and compared to S3, this savings is 1%.

5.2.3. Electrical equipment

The results showed that in all the scenarios analyzed, the elec-
tric stoves consume the most electricity (Fig. 37). Only one electric
stove is used in S1, the one on the first floor, which is why this elec-
trical equipment consumes 204 kWh per month. In S2, S3, S4 both
electric stoves are engaged, so their total consumption is 410 kWh
per month. The hairdryer in S1 consumes 47 kWh, this consump-
tion being further increased by about 10 kWh due to the larger
number of people in S2, S3 and S4. Washing machine (46 kWh),
ironing (30 kWh) and vacuum cleaner (11 kWh) make up 16% of
S1’s electricity consumption. In this scenario, washing machine is
used twice a week (Saturday and Sunday), and ironing and vacu-
uming is done once a week. In S2, S3 and S4, washing machine is
used 3 times a week (66 kWh), the same applies for ironing
(77 kWh), while vacuum cleaning is performed daily (89 kWh).
Depending on the scenario analyzed, televisions and computers
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Fig. 34. Monthly thermal energy consumption at the premises in the analyzed house.
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Fig. 35. Indoor temperature variations in the living room LR during its ventilation (S2, March 5).

together contribute to this consumption as follows: S1 (62 kWh),
S2 (118 kWh), S3 (149 kWh), S4 (162 kWh).

The consumption of electricity for the operation of electrical
equipment in the premises of the analyzed house is shown in
Fig. 38. Taking into account Fig. 37, it can be easily concluded that
K1 and K2 contribute most to this consumption. Their share in S1 is
64%, while in the following scenarios it decreases as the usage of
other electrical equipment in other premises is increasing. So their
share in S2 is 59%, in S3 is 57%, while in S4 it is the smallest (56%).
Next to K1 and K2 is BR2 with the consumption of electricity in the

18

S4 amouting to 89 kWh. These are followed by bathrooms with the
following consumption in S4: BA1 (52 kWh), BA2 (71 kWh). Fig. 38
shows that since the other electrical equipment is not used in the
corridors, except for the vacuum cleaners, the consumption of elec-
tricity in these rooms is reasonably minimal.

5.2.4. Water supply network

The water in the analyzed house is consumed according to the
needs of the households defined in Table 7. Monthly water con-
sumption varies depending on the analyzed scenario as follows:
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Fig. 36. Indoor temperature variations in the bedroom BR3 during its ventilation (S2, March 5).
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Fig. 37. Monthly electricity consumption for operation of electrical equipment in the analyzed house by type of end-user.
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Fig. 38. Monthly electricity consumption for the operation of electrical equipment at the premises in the analyzed house.

S1(18.55 m?), S2 (23.23 m?), S3 (23.27 m?) and S4 (23.07 m?). In
other words, the average monthly consumption of water per
household member is: S1 (3.71 m?), S2 (3.87 m?), S3 (3.88 m?)
and S4 (3.84 m>). Fig. 39 shows the water consumption according
to the type of end-user.

For the operation of washing machines in BA1 and BA2 (S1),
780 L of water is consumed per month, or 44.33 L per cycle. For
one cycle with prewashing with the washing machine it takes
2.5 h, with a water temperature of 60 °C (Table 7). For drinking
and storing food, the monthly consumption of water is 3.68 m>,
which means that one person daily consumes on average 23.74 L.
The highest amount of water per month is consumed for eight-
minute showers (7.44 m?). Bathrom sinks in BA1 and BA2 con-

19

tribute to this consumption with a share of 3.67 m> per month.
Finally, using the toilet, the monthly consumption is 2.98 m3
higher. As the S2 washing machine is used 3 times a week, the
monthly water consumption increases by 350 L compared to S1.
This trend persists in the scenarios S3 and S4. Shower cabins
(8.93 m?), toilets (3.57 m?) and sinks (4.65 m>) in S2 require more
consumption due to the presence of an additional family member,
which means that in S2 water is consumed in the same amounts as
in S3 and S4. The highest fluctuations in water consumption are
observed when using the washbasins in BA1 and BA2, mainly
due to the maintenance of hand hygiene. The daily consumption
of water per person in S1, S2 and S3 is 23.67 L, 26.68 L, 26.89 L,
respectively. The consumption increases and this is due to longer
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Fig. 39. Monthly water consumption in the analyzed house by type of end-user.

hand washing than usual. On the other hand, in S4 it can be noticed
that there is a discontinuity in consumption and that the daily
water consumption per person is 25.8 L, which is less than in S2
and S3. The reason for the reduced water consumption is reflected
in the introduced ban on the movement of people, which means
that there is no washing of hands when entering the house from
outside. Fig. 40 shows the monthly water consumption by the pre-
mises in the analyzed house. If a parallel is drawn with Fig. 39, it is
easy to deduce why the water consumption in BA2 is the highest
and with the highest oscillations. Fig. 40 shows that water con-
sumption in K1 is higher in S1 (3.7 m?®) than in other scenarios
(1.5 m?), which is explained by the non-use of K2 in S1.

The monthly consumption of electricity for the preparation of
hot water (Table 7) in the analyzed house according to the type
of end-user is shown in Fig. 40. Fig. 41 shows the monthly con-
sumption of electricity for the preparation of hot water in the pre-
mises in the analyzed house.

The consumption of electricity for hot water preparation fol-
lows the consumption of water itself, which is why there is a sim-
ilarity between Figs. 39 and 41, and between Figs. 40 and 42.
Monthly electricity consumption when using shower cabins in
BA1 and BA2 is the lowest in S1 (263 kWh), while in S2, S3 and
S4 it is 315 kWh. The use of washbasins in BA1 and BA2 con-
tributes with 116 kWh (S1), 168 kWh (S2), 169 kWh (S3) and
162 kWh (S4) to this consumption. The trend that applies to the
use of shower cabins, also applies to the use of sinks (K1, K2)
and washing machines (BA1, BA2). Therefore, the sink in K1 (S1)
consumes 112 kWh of electricity, whereas the sinks in K1 and K2
together consume 141 kWh in S2, S3 and S4. Washing machines
in BA1 and BA2 together consume 49 kWh in S1 and 71 kWh in
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Fig. 40. Monthly water consumption at the premises in the analyzed house.
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Fig. 41. Monthly electricity consumption for preparation of hot water at the
premises in the analyzed house.
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Fig. 42. Monthly electricity consumption for preparation of hot water in the
premises of the analyzed house.

S2, S3 and S4, respectively. Viewed by premises (Fig. 42), the con-
sumption of electricity for the preparation of hot water is the high-
est in BA2: 252 kWh (S1), 360 kWh (S2), 361 kWh (S3) and
354 kWh (S4). Then follows the consumption in BA2, while the
least amount of electricity is consumed for the preparation of hot
water in K1: 112 kWh (S1), 47 kWh (S2, S3, S4).

5.2.5. Validation of results and economic analysis

Table 15 shows the specific consumption of natural gas, elec-
tricity and water (per person), as well as CO, emissions, during
March 2020. The same table shows the actual consumption of
these energy sources obtained on the basis of paid invoices.

Based on Tables 15 and 16 it can be seen that the actual con-
sumption of natural gas is lower than predicted from S1 (by
4.46 Sm>/person). Actual electricity consumption per person is
higher than electricity consumption from S1 (by 4.59%) and lower
than consumption from S2 (by 22.49%). There are also differences
between actual and projected water consumption, with actual
water consumption being 1.07% higher than projected consump-
tion in S1 (3.71 m3/person) and 3.2% lower than projected in S2
(3.87 m>/person) in analyzed house.

Fig. 43 shows that the largest funds are allocated in S3 (total
197.84 €). It is followed by: S4 (197.41 €), S2 (197.11 €) and S1
(143.77 €) [34-36,40]. The costs of natural gas are the most expen-
sive in S2 (65.88 €), electricity in S4 (108.03 €), and water in S3
(12.16 €). As a percentage compared to scenario S1, in scenario
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Table 15
Validation of energy consumption in the analyzed house during March.
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Parameter Unit S1 S2 S3 s4 Actual consumption
Building occupancy [-] 5 6 6 6 6
Natural gas [Sm*/person] 47.82 48.33 47.22 46.77 43.36
Electricity [kWh/person] 225.37 289.35 296.37 297.51 236.22
Water [m3/person] 3.71 3.87 3.88 3.84 3.75
0, [kg/person] 399.23 485.08 492.04 492,61 -
Table 16
Percentage differences between actual and projected energy consumption in the analyzed house during March.
Parameter Unit S1 S2 S3 S4 Actual consumption
Natural gas [Sm?/person] +10.29% +11.46% +8.9% +7.86% 43.36
Electricity [kWh/person] —4.59% +22.49% +25.47% +25.95% 236.22
Water [m?/person] -1.07% +3.2% +3.47% +2.4% 3.75
ONatural gas B Electricity B Water would be more considerable in case the scenario was analyzed dur-
120.00 ing the summer. Moreover, a repeated state of emergency in colder
months of the year (December and January) would also lead to a
100.00 higher energy consumption used for heating than in the observed
period of time. The consumption of natural gas in the analyzed house
80.00 during March, depending on the examined scenario, was in order: S1
) (2287 kWh), S2 (2773 kWh), S3 (2710 kWh), S4 (2684 kWh). The
8 60.00 + electricity consumption in normal conditions, before declaring the
& state of emergency (the reference scenario S1) was 1127 kWh.
40.00 - Because of the measures put in place and analyzed in scenarios S2,
20,00 S3, and S4, the electricity consu.mption .in.creased to 1736 kWh,
1778 kWh and 1785 kWh, respectively. This increase was in propor-
0.00 - . . . . tion to the presence of the household residents. The first set of mea-
S1 S2 33 S4 Actual sures led to the most significant increase in consumption (54.04%),
Scenario whereas with the followup measures the consumption additionally

Fig. 43. Monthly energy costs depending on the examined scenario in the analyzed
house.

S2 27.07% more money is allocated, in scenario S3 27.33% more
money is allocated, while in scenario S4 27.17% more money is
allocated. Actual cash costs in March 2020 according to the respec-
tive distributors are in order: natural gas (71.74 €), electricity
(85.82 €) and water (11.76 €). As a percentage, total monetary costs
to distributors of relevant services are 15.09% higher than in S1 and
16.41% lower than in S2.

6. Conclusion

The goal of this study was to investigate the impact of changes in
human behavior caused by the COVID-19 outbreak on the energy
consumption in a household. The study assessed real-life scenarios
reflecting the measures put in place in March 2020 by the govern-
ment of the Republic of Serbia. A typical Serbian household was ana-
lyzed. The results showed a significant impact of the behavior of the
household residents on the final energy consumption during the
analyzed period. The final energy consumption for heating in normal
conditions before declaring the state of emergency (the reference
scenario S1) was 3414 kWh. Because of the measures put in place
and analyzed in scenarios S2, S3, and S4, the final energy consump-
tionincreased to 4509 kWh, 4487 kWh 4465 kWh, respectively. The
measures taken during the state of emergency had as a result an
increased presence of residents in their households, which further
lead to an increase of energy consumption used for heating. On the
other hand, this increased presence of the residents led to an
increased usage of electrical equipment, which in turn significantly
increased the thermal gains. This is the reason for a diminished
energy consumption used for heating in Scenario S3. This effect
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increased by 3.73% (S3 with respect to S2) and by 0.62% (S4 with
respect to S3). A similar situation can be observed in the consump-
tion of hot water because of the increased hygiene measures. The
first set of measures led to the highest increase in the hot water con-
sumption (25.23%) in the scenario S2, whereas the fluctuations in
the hot water consumption were significantly smaller in the other
scenarios (about 1%). On the other hand, the actual energy consump-
tion in the analyzed house (at the level of the entire building) during
the month of March 2020 was in order: natural gas (260.36 Sm°,
11.38% less than in S3), electricity (1418 kWh, 20.53% more than
in S1, i.e., by 22.43% less than in $2) and water (22.5 m>, by 17.56%
more than in S1, by 3.24% less than in S2). The economic analysis
showed that the largest funds were allocated in S3 (197.84 €, or
27.33% more than in S1). Total actual costs according to the respec-
tive distributions were higher by 15.09% in relation to S1, i.e. by
16.41% lower than in S2. The measures taken during the state of
emergency had as aresult an increased presence of residents in their
households, which further lead to an increase of energy consump-
tion used for heating. On the other hand, this increased presence
of the residents led to an increased usage of electrical equipment,
which in turn significantly increased the thermal gains. This is the
reason for a diminished energy consumption used for heatingin sce-
narios S3 and S4. This effect would be more considerable in case the
scenario was analyzed during the winter. Moreover, a repeated state
of emergency in colder months of the year (December and January)
would also lead to a higher energy consumption used for heating
than in the observed period of time.
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