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IMPROVING THE EFFICIENCY OF THERMAL ENERGY USE WHEN HEATING
BUILDINGS THROUGH THE INTRODUCTION OF TECHNOLOGIES «<SMART HOME>

Purpose. Investigation of the effectiveness of application in the heating systems of administrative, resi-
dential, industrial and other buildings of automated thermal management systems for premises using the «smart
home» technology Methods. Analysis and synthesis of information, mathematical modeling of the heat supply
process of a building, statistical data processing, a computational experiment to assess the effectiveness of the
use of «smart home» technologies in heat supply systems. Results. A natural object was selected and investigat-
ed for the introduction of energy-saving technologies — a 3-storey fragment of the O.M. Beketov National Uni-
versity of Urban Economy in Kharkiv administrative building with a total heated area of 225,3 m?; investigated:
structure, principle of operation, efficiency of the use of an automated control system for thermal conditions of
the premises - HERZ Smart Comfort. Conclusions. The efficiency of using the HERZ Smart Comfort system
was assessed according to the following criteria: the relative and absolute values of the decrease in thermal en-
ergy for heating a building - a natural object, the reduction in atmospheric emissions of carbon dioxide - CO,,
and the economic efficiency from saving thermal energy.The heat loss calculation was performed at round-the-
clock temperature in premises +18 © C for average monthly outside air temperatures in Kharkov during the heat-
ing seasons 1981-2016. It has been established that the use of «smart home» technologies allows reducing the
costs for heating a natural object during the heating season by 16.6%, which is 4709 kWh and leads to a reduc-
tion in CO, emissions from the production of heat in the amount of 0.95 tons/year; The economic effect in this
case is 6430 UAH.

Keywords: power system, heat supply, heating system, thermal regime, “smart home”, natural object,
energy efficiency
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Xapxiecokuil HayioHanvbHull yHigepcumem micbkozo eocnodapcmaa imeni O.M. Bexemosa

NIJIBUIEHHSI E®EKTUBHOCTI BUKOPUCTAHHS TEILJIOBOI EHEPIT IIPHU
OITAJIEHHI BY IIBEJIb BITPOBAJIKEHHSIM TEXHOJIOT'TH «PO3YMHUH BYJIMHOK»

Merta. JlocnimkeHHs! epeKTUBHOCTI 3aCTOCYBaHHS B CHCTEMax OIAJICHHS aAMiHICTPaTUBHUX, XKHUTJIOBHX,
MPOMUCIIOBUX Ta iHIIMX OyZiBeIb aBTOMATH30BAaHWX CHCTEM YIPABIiHHS TEIUIOBUMH PEXMMaMH IPHMIIIECHb 3
BUKOPHUCTAHHSIM TEXHOJIOTIi «p0o3yMHUH OyanHOK». MeToau. AHali3 i cuHTe3 iHpopMallii, MaTeMa-THIHE MOJIe-
JIFOBAHHSI MPOIIECIB TEIUIONOCTayaHHs OyiBelb, CTATUCTHYHA 00pPOOKa Pe3yJbTATIB CIIOCTEPEKEHb, PO3paxyH-
KOBUIl €KCIIEpUMEHT JJIs OIIHIOBAHHS €(PEKTHBHOCTI BUKOPHCTAHHS Smart-TeXHOJOT1H «pO3yMHHI OYyAWHOK» B
cucTeMax TeIulonocTayaHHsa OyxiBens. PedyabTraTH. OOpaHO i JOCHIKEHHH HATypHHUIl 00'€KT I BIpOBa-
JUKEHHSI eHepro30epiralounx TEXHOJIOTIH TeronocTayanHts Oy iBeslb — 3-MOBEpXOBUil pparMeHT aJMiHICTpaTh-
BHOTO KOPIyCy XapKiBCHKOTO HalliOHAJHHOTO YHIBEPCHTETY MichKOro rocmomapctsa imeHi O.M. Bekerora i3
3arabHOIO ONMATIOBATEHOIO MIomero 225,3 M%; TOCIi/DKeHi: CTPYKTYpa, eIeMEHTH, PHHIM i, eeKTHBHICTH
BUKOPHCTAHHSI aBTOMAaTHU30BaHOI CHUCTEMH KepyBaHHs TEIUIOBUMH peXuMaMu mnpuminens - HERZ Smart
Comfort. BucHoBku. [IpoBeieHO KOMIUIGKCHY OLIHKY edeKTHBHOCTI BHKOpucTaHHi cucteMd HERZ Smart
Comfort 3a HACTYNHUMH KPHUTEPisSIMH: BIJTHOCHI 1 aOCONIOTHI 3HAUEHHS 3HM)KCHHS KUIBKOCTI TEIUIOBOT €Heprii,
10 BUTPAYAETHCSI HA OMNAJICHHs1 OyNiBJi - HATYPHOTO 00'€KTa, 3HIKEHHS BHKHIIB B aTMOC(Epy BYIJIEKHCIOTO
razy - CO,, exoHOMi4Ha e()EeKTHUBHICTH BiJ] CKOPOUCHHS BUTPAT TEIUIOBOI eHeprii. Po3paxyHOKk BTpat Tera mnpo-
BOJIMBCS TIPH CEPEIHBOI000BIH TeMneparypi B mpuMinieHHsax +18 °C i cepeTHbOMICTYHUX TEMIepaTyp aTMo-
cdepHOro MOBITPs y M. XapkoBi B onairoBaibHi ce30HW 1981-2016 pokiB. BcraHOBIIEHO, 1110 BUKOPHCTAHHS
TEXHOJIOTi1 «PO3yMHHH OyIMHOK» TO3BOJISIE 3HU3UTH BUTPATH HA ONAJICHHS HATYPHOTO 00'€KTa 3a OMAIIOBAIIb-
Hui niepio Ha 16,6%, mo cranoButh 4709 kBt roj 1 npu3BoanTh 10 ckopoueHHs BUKuIiB CO, mpu BUPOOHHUII-
TBi TeTJI0BO1 eHeprii B po3mipi 0,95 Torrn Ha pik. ExoHOMiuHNI edexT npu mbomy ckinagae 6430 rpH.

Kiro4oBi ciioBa: TemioeHepreTrka, TEIUIONOCTauYaHHs, CHCTEMa OMAICHHS, TEIUIOBHI PEXNM, «PO3yM-
HUH OyIMHOK», HATYPHUI 00'€KT, eHeproeeKTHBHICTh
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MoauBsanuyk A. I1., KoBanenko FO. JI.

Xapvrosckutl HAYUOHATLHBLIL YHUGEpCUmMem 20p00cKo2o xosaticmea umenu A. H. bexemosa

MOBBIIIEHAE Y®PEKTUBHOCTH UCMOJIB30BAHUSA TEIJIOBOM SHEPTUM ITPA OTO-
IJIEHUM 3JAHU BHEJIPEHUEM TEXHOJIOI' MM «YMHBII 1OM»

Heanb. UccnenoBanne 3PeKTUBHOCTH NMPUMEHEHHs B CUCTEMax OTOIUICHUS aJAMUHHCTPATHUBHBIX, JKH-
JBIX, TIPOMBIIUIEHHBIX M JPYTUX 34aHUH aBTOMAaTH3MPOBAHHBIX CHCTEM YIIPABICHHS TEIJIOBBIMU PEXUMaMHU
MIOMEIICHUH ¢ UCTIOIb30BAaHUEM TEXHOJIOTUH «YMHBIH ToM». MeToabl. AHaIU3 U CHHTE3 HH(POPMAIIMU, MaTeMa-
THUYECKOE MOJICTUPOBAaHUE IIPOLIECCOB TEIUIOCHAOKEHMSI 3[aHUH, CTaTHCTHYecKas o0paboTka pe3yJbTaToB
HaOIOEHUH, PAcCUETHBIA KCIIEPUMEHT AJIS OLEHKU 3(P()EKTUBHOCTH HCIONB30BaHUS SMArt-TeXHOIOTHH «yM-
HBII TOM» B CHCTeMax TEIUIOCHAaO)keHUs 3maHuil. Pe3yabTaTsl. BeiOpan u uccienoBan HATYPHBIH OOBEKT IS
BHEJIPCHHS YHEProcOeperaroInX TeXHOJIOTHH TeIUIOCHA0KEHU 3MaHni — 3-3TaKHBIN (parMeHT aJMHUHHCTPa-
THUBHOTO KopItyca XapbKOBCKOI0 HALIMOHAJIILHOTO YHUBEPCUTETA ropoAcKoro xo3siicrsa umenu A.H. beketosa ¢
obureit oTaruTEBaeMoil miomansio 225,3 M’ HCCIEIOBAHBL: CTPYKTYPA, IEMEHTbI, IPUHIHI AeicTBhs, P dek-
THUBHOCTbH HCIIOJIb30BAHHSI aBTOMATHU3MPOBAHHOM CHCTEMBI YNPAaBJICHHS TEIUIOBBIMU PEKMMaMH HMOMEUICHUH -
HERZ Smart Comfort. Beisoasbl. [IpoBeieHa KOMIUIEKCHAsST OLICHKA 3(PEKTUBHOCTH HMCIOIb30BAHUS CHCTEMBI
HERZ Smart Comfort no ciieayronmmM KpUTEpUsiM: OTHOCUTENIbHbIE M a0COJIIOTHBIC 3HAYCHUS CHIDKCHUS KOJIH-
YecTBa TEIJIOBOI SHEPruy, 3aTpaunBacMoil Ha OTOIJICHUS 3/IaHUS - HATypHOTO 00BEKTa, CHIKEHHE BEIOPOCOB B
atMochepy yriekucioro raza - CO,, 3koHOMUYecKass d3PPEKTUBHOCTh OT COKPAIICHHUS 3aTpaT TEIUIOBOM 3HEp-
rud. PacueT noTteps Temia NpoBOJMIICS IPU CPETHECYTOUHOM TeMnepaType B nomereHusx +18 °C mus cpenHe-
MECSYHBIX TeMIeparyp arMoc(epHOro Bo3lyxa B I. XapbKoBe B OTONUTEIbHbIE ce30HbI 1981-2016 ronos.
YCTaHOBIIEHO, YTO HCHOJNb30BaHNWE TEXHOJIOTHH «yMHBIH IIOM» IIO3BOJISICT CHM3WTH 3aTpaThl HA OTOIUICHHUE
HAaTypHOTO OOBEKTa 3a OTOIHUTENBHBIN nepuoxa Ha 16,6%, uro cocrasmsier 4709 kBT 4 1 mpuBOANT K COKparie-
HUIO BEIOpocoB CO; mpu MpOM3BOACTBE TEIDIOBOM 3HEpruu B pazmepe 0,95 TOHHEI B ToA. DKOHOMHYECKHN -
ekt mpu 3TOM coctaBisieT 6430 TpH.

KaroueBble cj10Ba: TEIUIOIHEPTETHKA, TEIUIOCHA0XKEHNE, CHCTEMa OTOIICHUS, TEINIOBOW PEKHM, «yM-
HBIIl IOM», HaTypHBII 00BEKT, SHEProdPPEeKTUBHOCT

Introduction

In recent years, a significant number cities environment and emission reductions into the
of Ukrainian, in particular, Kyiv, Kharkiv, Lviv, atmosphere of greenhouse gases [6].
Ternopil, Chernivisi and others, joined the The price increase of the energy resources
"Covenant of Mayors on Climate and Energy" stimulates the development and improvement of
[1], which provides carrying out measures by the energy saving technologies. In Ukraine, there is
municipal authorities on a significant reduction a significant potential for energy saving due to
of greenhouse gas emissions by 30% by 2030. the reduction of heat loss through the walls, ceil-
Achieving this result requires a new strategy for ing, windows, and other enclosing structures of
the use and development of municipal power residential and public buildings. Unlike residen-
system, which envisages increasing the tial buildings, where in accordance with the re-
ecological safety of boiler plants and heat-energy quirements of public health regulations the tem-
centers through the introduction of innovative perature must be maintained continuously
highly effective energy and environmental throughout the heating period, in administrative
technologies [2, 3]. It should take into account buildings it is possible to reduce the temperature
such problems  homeland heat energy as: during the absence of staff and visitors. Accord-
outdated technology of production and ing to the authors of this publication, a temporary
equipment, high energy intensity and material decrease in temperature is advisable if premises
capacity, which exceeds 2-3 times the are not occupied for at least 10-12 hours at a
corresponding indicators of developed countries; time, which takes place in administrative build-
the lack of proper environmental protection ings and classrooms at night, on weekends, and
systems, the lack of proper legal and economic during holidays. In order to avoid the disruption
mechanisms which would stimulate develop- of the desirable humidity levels and thermal
ment of environ-mentally sound technologies movement a temporary decrease in temperature
and environmental protection systems, etc. [4,5]. should not exceed 3 °C. The purpose of this
At the same time, stimulation of effective work was to develop technical proposals for
consumption of heat energy by the population optimizing the heat supply schedule of the ad-
will reduce the resource-intensive of urban heat ministrative building with further evaluation of
networks, which will reduce the pollution of the the ecological impact.
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Object and methods of research

Description of natural object for
realization of researches. As an object of re-
search, a section of the administrative building
at the Kharkiv National University of Urban
Economy has been selected, which houses a
lecture hall, laboratory, conference room, and
offices of the university administration (fig. 1).
It is a three-story building with two exterior
walls and two interior walls adjacent to heated
rooms. As a result of a full-scale building sur-
vey, the constructive parameters of enclosing
structures necessary for carrying out thermal
calculations were obtained. According to the
indications of meters, the average actual value
of specific heat consumption for the entire ad-
ministrative building in the 2017 heating season
Was Qaverag = 97,5 KWh /m?. The selected section
of the building has two external walls and win-
dow openings facing north. The ratio of the
window opening area to the exterior wall area is
substantially larger than the average value of
the entire building. Therefore, it can be as-
sumed that the value of specific heat consump-

General view of the natural object

2st floor: conference hall
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tion in the selected section of the building will
exceed the average value of specific heat con-
sumption for the entire building according to
the indications of meters. The average tempera-
ture inside the building during the heating sea-
son 2017 is t,, = +18 °C.

Method for calculating heat consump-
tion management efficiency natural object.
The technique is designed to assess the effec-
tiveness of the use of a remote control system
for thermal conditions of an object's premises -
HERZ Smart Comfort, which automatically
reduces the temperature in rooms that are not
currently used, by an average of 3 °C. The re-
strictions of the temperature schedule were
adopted in accordance with the requirements of
the current regulatory acts, considering the
temperature should remain between 17-23 °C
during classes in classrooms and auditoriums.
The maximum permissible value of the specific
annual energy demand for the University cam-
pus buildings was used in order to assess the
energy efficiency class of the building, which

1st floor: Ecology Laboratory
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Fig. 1 — Natural object for research on the efficiency of heat consumption with total heated area 225.3 m?

constitutes 30 kWh / m3 for the Kharkov cli-
mate zone.To create a mathematical model for
calculating the heat loss of the facility tradition-
al methods of thermal engineering calculations
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were used as well as standard values of the heat
engineering characteristics of the walls, ceiling,
windows, and other enclosing structures [7].
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Heat flow (heat loss) Q, W through the
enclosing structures (exterior walls, windows,
floors, ceilings) is determined in accordance
with the expression:

Q=k-F-At

where k — heat transfer coefficient, W/m?K;

F — is the surface area, m2;

At — the difference between the exterior
and interior temperatures, °C;

Heat transfer coefficient could be calcu-
lated according to the formula:

where a;, — heat transfer coefficient from indoor
air to the wall, Wh*- K;

d; — thickness of the first layer of the
building envelope, m;

A1 — thermal conductivity coefficient of
the first layer of the enclosing structure,
W/(m-K);

Average monthly air temperature in

d, ..., d, — thickness of the second and
subsequent layers of the enclosing structure, m;

A2 ,...,An — thermal conductivity coeffi-
cient of the second layer and subsequent layers
of the enclosing structure, W/(m-K);

Oex — heat transfer coefficient from the
wall to the outside air, W/v?* K.

According to [7] assume o, = 8,7 W/n?-
K; 0ex= 23 W/m* K.

Infiltration heat loss is defined as:

Q¢ =C-m- At

where ¢ is the average heat capacity of humid air,
determined in accordance with [7], ki / kg °C;

m - normative air permeability of enclos-
ing structures of buildings, kg / m? hour;

At — the difference between interior and
exterior temperature, °C.

In Kharkov during the heating season of
2017 the average monthly air temperature used
in the calculation is shown in table 1.

Ne Month
January
February
March

4 April

5 October

6 November
7 December

Table 1
Kharkov during the heating season of 2017
Average monthly
air temperature,| Notes
°C
- 6.07
—3.88
+5.6
between
+9,99 04.01.17 -
04.15.17
between
+ 6,39 10.15.17 -
10. 31.17
+1,8
+2.38

The results of the heat loss calculations
with Kharkov average monthly outdoor temper-
atures during the 2017 heating season and at
+18 °C room temperature are listed in table 2.

The calculated average value of specific
heat consumption of the section of the building
in the heating season of 2017 was obtained Qaverage
= 115 kWh/m? which is 17% higher than the
average value of specific heat consumption ac-
cording to meter readings for the entire building.

The comparative analysis of the average
monthly air temperatures in Kharkov in the
heating season of 2017 showed that it is not
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representative of the average temperatures of
the heating season taken over a long-term peri-
od [9], presented in table 3.

For example, the average outdoor tem-
perature in December 2017 differed from the
average air temperature in December for a thir-
ty-five year period by more than 5 °C.

The heat loss calculation was performed
at round-the-clock temperature in premises
+18 ° C for average monthly outside air tem-
peratures in Kharkov during the heating sea-
sons 1981-2016. Its results are presented in
table 4.
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Table 2
The results of the heat loss calculations with Kharkov average monthly outdoor temperatures during
the 2017 heating season and at +18 ° C room temperature

Heat loss during
Ne Period the period
kWh

1 January 6127

2 February 4741

3 March 3092

4 April 1343

5 October 1547

6 November 4355

7 December 5563

8 Heating season 26768

Table 3
The average air temperature in Kharkov during the heating seasons 1981-2016
Ne Month ﬁ‘g&?egrzgj?g’t?g Notes
1 January —-4,6
2 February -4.5
3 March +0,7
4| April t4 04.55.“/-\/8? 15.
between
5 | October *t56 10.15. - 10, 31.
6 November +0,9
7 December -3.,5
Table 4

The results of the heat loss calculations at round-the-clock indoor temperature +18 © C and average
monthly air temperatures in Kharkov during the heating seasons 1981-2016

Ne Period Heat loss during
the period, kWh
1 January 5800
2 February 5217
3 March 4531
4 | April 1337
5 October 1569
6 November 4338
7 December 5542
8 Heating season 28334
The need for heat supply of the premises was - the second floor is used on average 2
established as a result of the research: hours a week: 2 days for 1 hour;
- the ground floor is used on average 30 - the third floor is used on average 45
hours per week: 6 days for 5 hours; hours per week: 5 days for 9 hours.

118



Bicnux XHY imeni B. H. Kapasina Cepis «Exonocisiy, 2018, eun. 19

It is proposed to apply The remote tem-
perature control system that uses elements
from HERZ Smart Comfort system, which will
ensure the automatic temperature reduction in
unoccupied premises by an average of 3 °C.

System of remote-control by the
thermal mode of apartments with the use of
technology «clever house» - HERZ Smart
Comfort. HERZ Smart Comfort is a set of
components for controlling heating on a
smartphone. The kit includes (fig. 2):

— electronic thermal heads ETKF +;

— window open sensor;

— room wall thermostat;

— switching module Cube +;

— Eco SWITCH + wall heating switch.

All radiators in the house are equipped
with electronic thermal heads ETKF +. In each
room, a room programmable thermostat is
installed, which measures the temperature in

Electronic thermal heads ETKF + \

-
RSS

the room and gives commands to the thermal
heads for opening and closing. It is possible to
control directly the electronic thermal head
according to the air temperature in the room,
however, the savings are reduced, since the
thermal head is installed directly on the
radiator, its operation can be affected by
curtains, direct sunlight. The room thermostat
can be installed at an optimum height where
external factors will not affect it. Each window
must have a window opening sensor installed.
To control thermostats via a smartphone, the
system must be equipped with a Cube +
module, which is located next to the router and
provides connection to the Internet. The Eco
SWITCH + heating switch is purchased one
for the whole house, installed in the hallway
and turned on when the last tenant leaves the
house.

Switching module Cube +

Window open sensor

Z

r av r

Eco SWITCH + Room wall lhermostat/

Fig. 2 — The main elements of the automated system HERZ Smart Comfort

The whole system HERZ Smart Comfort
works as follows. The room thermostat
measures the temperature in the room and
through the thermal head changes the amount
of heat-transfer fluid passed through the
radiator. When you open the window, the
sensor is triggered and the room temperature is
automatically maintained at 17 °C (factory
setting) or other user defined. With the help of a
wall-mounted room thermostat, depending on
the mode of homeowners, an hourly
temperature change is configured. For example,
in the afternoon from 8-00 to 17-00, when no
one is home, you can set the temperature to 16
°C, and to return from 17-00 22 °C. A total of 6
hours periods can be set for a day with different
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temperatures. When changing the set schedule,
the owner of the house through the smartphone
with the pre-installed application can change.

Benefits HERZ Smart Comfort. The main
factor that ensures the efficiency of the heating
system and lower gas costs is flexibility in
management. The temperature in the room
should be exactly what is needed at the current
moment and not a degree more. This
functionality and provides HERZ Smart
Comfort.

HERZ Smart Comfort features:

— control and temperature control in each
room,;

— heating control from a smartphone,
laptop via the Internet;
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— automatic temperature change in the When managing heating from a
room by periods (6 periods per day); smartphone via the HERZ Smart Comfort
— the ability to remotely set the room system, according to the manufacturer, it is
temperature when changing the schedule; possible to save up to 60% of energy resources.
— minimization of heat loss when airing
rooms.
Results and discussion
The results of the heat loss calculations during energy transmission) and the corre-
while using the remote temperature control sponding environmental impact due to the fuel
system are presented in table 5. In the calcula- extraction, transportation, and combustion.
tions of thermal losses the average monthly It is necessary to review the various
temperatures of air are stopped up in Kharkiv ways of fuel production, transportation, com-
in a heating season, got for thirtyfive-year pe- bustion, transmission, and use of thermal ener-
riod 1981-2016. gy in order to perform the precise assessment
As follows from the comparison of the of the environmental impact. The major point
calculation results, the use of the remote tem- for assessing the environmental performance is
perature control system provides 4 700 kwh of the reduction of greenhouse gas emissions,
heat savings for the heating season, reducing primarily CO, [9], as a result of burning natu-
the cost of heating the building by 16.6%. As a ral gas. Given that in Ukraine there is no estab-
result of switching to the optimal heat supply lished national carbon emission factors for
schedule the ecological efficiency was estimat- natural gas combustion, the potential reduction
ed by determining the potential fuel economy in CO, emissions was estimated based on rec-
required to obtain the saved thermal energy ommendations of the International Expert
(taking into account the averaged losses inevi- Group.
table at each stage of the technological chain
Table 5
Results of the heat loss calculations while using the remote temperature control system
at average monthly air temperatures in Kharkov during the heating seasons 1981-2016
. Heat loss during the
Ne Period period kwr?
1 January 5159
2 February 4638
3 March 3390
4 April 1009
5 October 1238
6 November 3317
7 December 4874
8 Heating season 23625
As a result of a reduction in thermal en- As a result, the potential reduction in car-
ergy consumption, the reduction of the green- bon emissions will be 0.95 tons / year.
house gas (CO,) emissions that were generated Based on current tariffs for budget insti-
as a result of fuel combustion are: tutions of the utility company «Kharkov heat
M. —K networksy» [10], the heat energy savings during
co, =Keo, "AQ the heating season as a result of the use of the
where Keop = 0,202 T/MW/h — CO, emission remote temperature control system with ele-

ments from HERZ Smart Comfort in the chosen

factor for thermal energy; . Y L
ay section of the administrative building amounts

AQ — heat savings for the heating season.

to 6430 UAH.
Conclusions
1. The efficiency of application of auto- has been investigated. A natural object was
mated systems for controlling thermal condi- selected and investigated for the introduction
tions of premises using the «smart homey of energy-saving technologies — a 3-storey
technology in heating systems of administra- fragment of the O.M. Beketov National Uni-
tive, residential, industrial and other buildings versity of Urban Economy in Kharkiv adminis-

120



Bicnux XHY imeni B. H. Kapasina Cepis «Exonocisiy, 2018, eun. 19

trative building with a total heated area of
225.3 m?; investigated: structure, principle of
operation, efficiency of the use of an automat-
ed control system for thermal conditions of the
premises - HERZ Smart Comfort.

2. The efficiency of using the HERZ
Smart Comfort system was assessed according
to the following criteria: the relative and abso-
lute values of the decrease in thermal energy
for heating a building — a natural object, the
reduction in atmospheric emissions of carbon
dioxide — CO2, and the economic efficiency

culation was performed at round-the-clock
temperature in premises +18 °C for average
monthly outside air temperatures in Kharkov
during the heating seasons 1981-2016. It has
been established that the use of “smart home”
technologies allows reducing the costs for
heating a natural object during the heating
season by 16.6%, which is 4709 kWh and
leads to a reduction in CO, emissions from the
production of heat in the amount of 0.95
tons/year; The economic effect in this case is
6430 UAH.

from saving thermal energy.The heat loss cal-
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