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Abstract. Qualitative energy efficiency measures calculation should take into account the
interaction between various factors influence and building thermal mode. The main direction of this
work is the investigation of outdoor and indoor factors influence on the energy performance
indicators and heating system operation mode. Using energy simulation program apartment heat
load for constant and intermittent heating modes was analyzed.

Keywords: energy saving, intermittent heating, apartment, building energy modelling,
EnergyPlus.

Anomauyia. J{ocnioscenns egpekmusnocmi pobomu cucmemu ONAIEHH MO*CE NPOBOOUMUCS
3a pi3HUMU niOXo0amu, 3 YpPaxy8aHHAM KOHMPOIbOBAHUX MA HEKOHMPOIbOBAHUX (HaKmMopis.
AKicHull  po3paxyHoxk 3axo00ié 3 NIOBUWEHHS eHepeoe@eKmMUSHOCMI NOGUHEH B8pPAX08y8amu
OUHAMIYHY NOBEOIHKY OVOi6Ni — 63AEMOOII0 MidC MEMNEePaAMmyPHUM DeHCUMOM BCePeOUHi ma
Gaxkmopamu, Axi enausaroms HaA Hb020. OCHOBHUM HANpAMOM yici pobomu € O00CHiOHCEeHHs
308HIWHIX MA 6HYMPIWHIX haKkmopis, AKi 6NIUEAIOMb HA eHepeemUuyHi NOKA3HUKU NPUMIUeHb |
pedxcum  pobomu cucmemu onanenHs. OYiHIOBAHHA 6NAUBOBUX (HAKMOPIE NPOBOOUNOCH OJiA
ICHYI04020 NpUMIWEHHs K8ApMUpU 3a 0ONOMO20I0 CHeYiaNi308aH020 NPOCPAMHO20 3d0e3neyeHHs
0na  OuHamiynoco moodenroganna EnergyPlus. [lpocpamosana modenv keapmupu epaxosye
menioiHepyini eracmusocmi 0y0iBebHUX KOHCMPYKYIU mMa 0036015€ OYIHUMU GNAUE 3MIHU
306HIUHIX | BHYMPIWHIX haKMOpie Ha eHepeemuyHi NOKA3HUKU Y 4aci. 30Kkpema 00Ci0NceHo enus
memnepamypu  HABKOIUWMHb020  cepedosuwia  ma  padiayitiHoi  CK1a0080i  COHAUHUX
MEeNIOHAOX00ICEHb HA HABAHMANCEHH CUCMEMU ONANeHHA Keapmupu OJisl 3A0AHUX DeNCUMIE
NOCMIIHO20 Ma Nepepusuacmo20 OnaieHHs. 3 Memorw 0emanbHo20 OYIHIOBAHHS 6NIUBY COHAUHUX
MeNIOHAO0X00AHCEHb NPOBEOEHO AHANI3 MeMNepamyp HA GHYMPIUHIX NOBEPXHAX 3068HIUHIX CMIH i
NOBEPXHAX GHYMPIWHIX CMIH KIMHAmM npu pisHil OpieHmayii 308HIUHIX 020POOIHCYBATILHUX
KOHCMpPYKYil 3a cmoponamu cgimy. Pe3yiomamu, npugedeni 8 0awiil pobomi, Ompumano uLisixom
NO2OOUHHOI CUMYAAYIT 8 NPOSCPAMHIL MOOeNi Keapmupu ma nooamo y eueiadi diazpam i epaikis.
Takoore nposedeHo HucenvbHuul aHani3 PIYHO20 EHEP2OCNONCUBAHHA KEAPMUPU 34 NO20OHUMU
ymosamu 3 6azu Oanux IWEC ona wmicma Kueéa npu 3acmocysamHi nocmitiHoco ma
nepepusuacmo2o pedicUMie ONAIeHH s i 3a1eHCHO 8I0 OPIEHMAYIT 020POOAICYBATLHUX KOHCMPYKYIl 3d
CMOpOHAMU CEImy.
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Introduction. The buildings and
construction sector has the largest shares
energy and emissions in the world. Accordin
to United Nations Environment Programm
(2018) buildings construction and operation
consumes for 36 % of global final energy us{

of which residential buildings accounts for

22 %. Therefore, there is a need to find ar
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Data-based building energy models were
of utilized to calculate energy saving, which is then
compared to the actual data. Outside dry air
temperature was the only energy consumption
influence factor. So the impact of other
parameters, especially solar gains, on energy
consumption needs further consideration [2].

d An exploration of the intermittent

implement approaches to improve the energy heating system operation modes efficiency is

efficiency of each building. European
experience shows that implementation (
energy efficiency measures should be carrig
out comprehensively.
Most residential buildings in Ukraine do
not reach the European energy performan
indicators. Due to the high payback perioc
building owners are implementing measure
gradually. So they follow strategy that
typically include increase of building envelopg
thermal insulation but they usually neglectin
the possibility of weather-dependent heatin
system regulation. But for the highest effeq
from implementation of measures it i
important to consider interaction betwee
building constructions materials and heatin
and ventilating systems, under dynami
ambient air conditions indoor and outdoor.
Analysis of recent research and
publications. In modern buildings with high
electrical energy  consumption and
intermittent heating mode, impact of
different factors on thermal building
behavior investigated by many authors. In
general, highlighted the following main
factors that affect building thermal mode [1]:
— outdoor — outside air temperature
solar radiation and wind speed,;
— indoor heating capacity of a
building and internal heat gains.

y

N

:

carried out in different approaches taking into
f account controlled and uncontrolled factors.

pd The article [3] compares the two approaches:

qguasi-stationary and dynamic. According to
[3] quasi-stationary approach can only provide

ce an approximate energy efficiency estimation

because it doesn't take into account the
duration of real transient processes in the
heating system. At the same time dynamic
approach allows to achieve higher quality
results taking into account dynamic
characteristics of the building constructions.
The importance of dynamic characteristics
consideration in conditions of intermittent
heating mode is investigated in paper [4]. The
paper [4] presents calculation results of
various single-layer walls dynamic
characteristics done by an exact and an
approximate methods of no stationary thermal
conductivity. The results indicate that reducing
the building massiveness reduce heat losses
and time spent on heating of building.
Comparison of standard and new
approaches of intermittent thermal energy
need calculation is made in article [5]. The
proposed in [5] new approach improves
transparency of the current ISO 13790 method
and provides more accurate results. To
validate the proposed calculation of
intermittent energy need, the article [5]
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presents the results of modeling in EnergyPIu
Review of occupant-centric building controls
[6] shows the feasibility of studying and
practical consideration of the influence of solg
radiation on intermittent heating modes.

The article [7] includes analysis of
outdoor and indoor factors influence of
building energy performance indicators. In thi
work the daily average heating load foreca
using non-linear multivariate regressior
models is based on daily average facto
history data.

The dynamic behavior of buildings in
response to environment factors is extreme
complex and difficult to analyze. Dynamig

simulation software is a powerful tool that

allows to take into account different thermg
storage capacities of the building construction

as well as different climates for thermal state

investigation [8]. Such programs allow to ge
high-quality results for decision making tg
enhance energy efficiency during the buildin
design and operation phases [9, 10].

In article [11] results of intermittent

heating mode simulation was compared with

available practical data of indoor temperatuf
profile. Created in dynamic simulation
program apartment energy model accurate
describes the heat-inertial properties ¢
building envelope and allows to take intc
account outdoor temperature changes o\
time.
Purpose and objectives of the study.

The main purpose of this study is to prese

IS

s. Studies were conducted on the example of an
existing apartment with individual heating
source.

According to the purpose the following
tasks are solved:

— apartment dynamic energy model was
created;

— hourly heat load for chosen day in
t case of constant and intermittent heating mode
determined,;

— investigated outdoor temperature and
solar radiation impact on the thermal mode
during the chosen day;

— analyzed solar radiation impact on the
walls inner surface temperature;

— annual apartment energy consumption
was determined.

Main Body of Paper

Dynamic energy modelling of the
apartment. The 3d apartment model was
created in DesignBuilder software. Calculations
have been carried out by means of simulation
program EnergyPlus. So DesignBuilder uses
EnergyPlus engine to perform dynamic
building energy simulation. Programmed
apartment model describes the heat-inertial
properties of building constructions and allows
ly to take into account outdoor and indoor factors
f changes over time. Thus EnergyPlus dynamic
D approaches take into account the building
er enclosing structures accumulation ability. At

the same time, point and linear heat-
conducting inclusions are not considered by
Nt the program.
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selected results of the analyzes of the w
exterior walls cardinal direction impact on heatin
system mode during the day in case

y The apartment
reported in tabl. 1.
Fig. 1 presents the apartment plan as

enclosing structures

f

constant and intermittent heating schedulg. well as rooms area data.

Table 1

Enclosing structures description

Construction type C

onstruction layers U-value, W/K2

Exterior walls . .
- mineral fi

- gypsum plastering 10 mm
- brick 400 mm

- external rendering 10 mm

bre 50 mm 0,488
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double-chamber

glazing  wit

Exterior windows and glazed doorinternal Low-E glass and two 1,058
chambers with argc
- gypsum plastering 10 mm
Internal partitions - brick 125 mm -
- gypsum plastering 10 mm
Ceiling - cast concrete 200 mm -
Floor - cast concrete 200 mm -

Dornestic Circulation
Domestic Bedroom
Dornestic Kitchen
Dornestic Bathroom

:

Fig. 1.

In fact, the exterior walls and windows
of the apartment are oriented to the ed
(«bedrooml» and «bedroom2») and we
(kitchen). The exterior glass area |If
«bedrooml»— 3,26 m2, in «bedroom2»-
1,8 m2, in “kitchen™ 1,32 m2.

The apartment has individual water;

based heating system with automated gas-fir
boiler. Boiler operates to maintain specifie
temperature mode for all hours. Each room

Kitchen bedroom1

12 sqm 14.2 sq.m

bedroom2
bathroom
10.4 sq.m
7.2 sq.m

hall

5.7 sq.m

Apartment plan

Such heating system allows setting individual
st heating schedules using a thermostat.

St Assumed heating schedule is maintained
1 an internal temperature at 16-22 °C for
weekdays and at 20-22 °C for weekends. In
fact, heating mode for the apartment
corresponds to the occupancy schedule. The
ed programmed  daily heating schedules for
1 weekday and weekend are shown in
n histograms in fig. 2.

apartment is heated during the heating perig

Temperature, °C

d.

o
£
™~
~

o
S 38
29
-9

20:00
21:00

B weekday heating schedule B weekend heating schedule
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Fig. 2. Weekday and weekend heating schedules

Air exchange rate in the apartment was internal heat gains (people, lighting and
assumed to be 0,6'h electric equipment). To consider heat gains
The energy model of the apartment also from people next histograms are presented in
takes into account occupancy schedule and fig. 3.
180
160
140
120
100
80
60
40
20

0
12 3 456 7 8 9101112131415161718192021222324

People total heating rate, W

Bedroom 1 Bedroom 2 Kitchen

Fig. 3. Weekday people heat gains

The calculations have been performed 5 AM at morning, and maximum (-7,7°C) at
for the climatology of the sunny winter day 2 PM at afternoon.
(10 February, weekday) taken from the IWE Fig. 4 presents the graph of outside air
weather database for Kyiv [12]. The outside temperature as well as histograms of windows
air temperature minimum (-15 °C) appears at transmitted solar radiation rate depending on
cardinal direction (IWEC solar radiation data).

400,00 0
350,00
300,00
250,00
200,00
150,00 -10
100,00

radiation rate, W/m?

50,00 )
il

1 2 3 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24

Time

Windows total transmitted solar
Outside temperature, 'C

I North solar radiation South solar radiation

Outside temperature

Fig. 4. Daily outside air temperature and windoafausradiation rate
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IWEC weather database was also used|to direction. The solar radiation effect on the
determine annual apartment heat consumptign. heating load in constant (22°C) and

Apartment  heating load hourly intermittent (16-22 °C) modes was
investigation. Apartment heating system load investigated and shown in fig. 5 and 6.
during the day is investigated using constant It was also analyzed heating load when

mode, as well as intermittent mode. The first the bedrooms exterior walls correspond to the
study was conducted when bedrooms exterior southern orientation (fig. 7 and 8).
walls correspond to the north cardinJI)
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Fig. 5. Total heating load during the chosen da wonstant heating mode
(Bedrooms — N, kitchen — S)
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Fig. 6. Total heating load during the chosen da witermittent heating mode
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Fig. 8. Total heating load during the chosen da witermittent heating mode
(Bedrooms — S, kitchen — N)

In case when bedrooms exterior walls in intermittent heating mode than in the
correspond to the southern orientation the previous case. Results of building energy
apartment consumes 17,2 % less energy |in consumption calculations are given in table
constant heating mode and 17,6 % less enelgybelow (tabl. 2).

Table 2
Energy consumption calculations

Cardinal direction Specific energy consumption, KWh/m?

Constant heating mode Intermittent heating mode
Bedrooms — N, kitchen — $ 48,89 40,7
Bedrooms — S, kitchen — I\ 40,49 33,52
Inside surfaces temperature analysis. on the inner surfaces of exterior walls and

To analyze the effect of solar radiation on the interior partitions was investigated on different
thermal state of the premises, the temperaturecardinal directions (fig. 9 and 10).

30ipHuk HaykoBux npaub YKpAY3T, 2020, Bun. 191
24



30ipHUK HAYKOBHX Npanb Y KPaiHCHKOI0 Aep:KaBHOI0 YHIBEPCUTETY 3aJi3HHYHOI0 TPAHCTIOPTY

23
22
21
20
19
18

17

Inside temperature, °C

16

15
1 2 3 45 6 7 8 9 1011

Bedroom 1 Exterior wall
Kitchen Exterior wall
————— Bedroom 1 Air
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Tlm?—- Bedroom 1 Interior partition
Kitchen Interior partition
--------------- Kitchen Air

Fig. 9. Temperature on the inner surfaces of exttevalls and interior partitions

with intermittent heating mo
24
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--------------- Bedroom 1 Air
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Time

Bedroom 1 Exterior wall
= Kitchen Interior partition
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Fig. 10. Temperature on the inner surfaces of exteralls and interior partitions
with intermittent heating mode (Bedrooms — S, latth N)

The schedules in fig. 9 and 10 show that during intermittent heating mode shutdown

temperature change on the inner surfaces
exterior walls is parallel to the interior
partitions. The analysis of the above grapk
reveals that during the periods without solz
activity the inner surfaces temperature ¢
exterior walls of southern orientation is lowe

affected by dynamic characteristics of buildin

of periods.
To check the massiveness influence the
IS apartment  energy ~ consumption  was
\r investigated at different brick layer thicknesses
f of the exterior walls. The brick layer has been
chosen as analyzed because it affects the

impact on U-value. The effect was studied

I
than inside air temperature. This is largely massiveness to a greater extent and has a less
9)
D

construction materials. It is also important t
note that inside air temperature in the studié

during intermittent heating mode when the
2d bedrooms exterior walls correspond to the
'C northern orientation. It established, that

premises doesn’t reach the programmed 16

30ipHuk HaykoBux npaub YKpAY3T, 2020, Bun. 191
25



30ipHUK HAYKOBHUX Npanb Y KPaiHCHKOI0 AeP:KaBHOI0 YHIBEPCHTETY 3aJi3HUYHOI0 TPAHCIIOPTY

reducing exterior walls brick layer thickness

by 20cm resulted in apartment energ
consumption increase by 5,4 %. In the san|

conditions exterior walls brick layer thickness$

increase by 20 cm resulted in consumptic
decrease by 4,3%. The results of th
intermittent heating schedule analysis sho
that reducing the exterior walls massiveness
2times causes the internal temperatu

decrease by 0,5°C during the shutdow
periods. Thus, because of change in buildir

construction massiveness, the heating mo

D
y This value depends on windows and exterior
e walls area as well as solar activity during the

D

be as high as 17,2 % in constant heating mode.

heating period.

n The analysis of the temperatures on the
e inner surfaces of the exterior walls and
W partitions has proved the importance of
Dy enclosing structures storage capacity in the
re context of the dynamics of solar radiation and
n comfort conditions changes. This context
g should be taken into account when analyzing
dethe modes of intermittent heating and the

development of their hourly forecast.

It established, that recommendations for
intermittent heating can be developed
depending on the outside air temperature, solar
radiation impact and internal heat gains. To
improve the quality of future research it is also
important to take into account the influence of

schedule changes.

Conclusions. According to the modeling
results in EnergyPlus the use of intermitter
heating mode for apartment save
approximately 17 % of thermal energy
compared to the constant mode. At differel
external enclosure structures orientation, th
impact of solar radiation on the hourly hegt comfort conditions [13] on energy
load and total energy consumption of the consumption and the dynamics of its
apartment was evaluated. Thus, the differenge interaction under the conditions of changing
in heat consumption of the same premisgs external factors.
oriented in opposite cardinal directions coul

nt
e
t
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