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The concept of optimizing heating costs for a separate residential building at the expense of

supplying the energy transformed by the heat pump to the home and the changes in the heat energy
losses everywhere external walls is presented in this work.
The main purpose of the article is to determine the rational modes of operation of the heat pump, on
the condition that there is compensation for the cost of heat through the walls of the building. This
allows to adjust the heating costs of the building through the use of a heat pump, reducing the
coefficient of thermal conductivity of the material of the walls of the house and saving electricity.
Electricity savings result from reducing the heat pump's operation and reducing heat loss through
the walls of a residential building. Calculation of thermal energy losses through the walls was
carried out on the basis of calculations of tabular data and research on the operation of the heat
pump, which were carried out on the basis of the physical model of the thermal installation. In
assessing the economic efficiency of the heat pump it takes into account the difference in size of
market rates for equivalent amounts of electricity and heat as the heat pump to work consumes
electricity and useful thermal energy is consumed. With the integrated use of the heat pump and a
41.5% reduction in the coefficient of thermal conductivity of the material of the walls of the
building, it will allow an additional 43.5% increase in the cost of heating.

Keywords: energy of heat pump, heating of a residential building, cost savings.

Anmonenxo H.C., I'pinuenxo I.C., Kaniox I'.l., Xomenxo B.B. «Enepris, nepeTBopeHa
TEIUIOBUM HACOCOM, SIK 3aCi0 3MEHIIIEHHsI BUTPAT Ha OTAJICHHS JKUTIOBOI OyIiBIl».

B poborti npencrasieHa KOHLENIISI ONTUMI3aLlli BUTPAT HA OMAJEHHS JJIsI OKPEMOi JKHTIIO-
BOi OymiBJl 3a PaxyHOK IOCTa4aHHS B OCEJI0 €HEeprii MepeTBOPEHOi TEIJIOBUM HACOCOM Ta 3MiH
BTpPAT TETUIOBOI eHeprii CKpi3b 30BHIIIHI cTiHU. OCHOBHA MeTa CTATTi MOJIATAaE y BU3HAUEHHI paLio-
HAJIbHUX PEXHMIB pOOOTH TEIUIOBOTO HACOCY NMPU YMOBI, IO € KOMIIEHCAIisl BUTPAT TeIUa Kpi3b
cTiHM OyaiBIi.

Ile mae 3Mory peryiroBaTH BUTPATH Ha OMaJieHHs! OY/iBJI 32 paXyHOK 3aCTOCYBaHHS TEILIO-
BOTO HACOCY, 3MEHIIEHHs KOe(DiLi€HTy TeIUIONpPOBIAHOCTI MaTepialy CTiH OyAMHKY Ta €KOHOMIl
€JIEKTPUYHOI eHeprii. EKOHOMIS eNeKTpUYHOI eHeprii BUHUKAE 332 PaXyHOK CKOPOYEHHs! poOOTH Te-
IUIOBOTO HACOCY Ta 3MEHIIEHHS BTPAT TEIUIa KPi3b CTIHM XKHUTJIOBOrO OyAuHKY. Po3paxyHOK BTpar
TEIUIOBOI €Hepril Kpi3b CTIHM 31HCHIOBABCS Ha OCHOBI PO3PaXyHKiB TaOJWYHMX AAHUX Ta JOCHI-
IDKEHHST poOOTH TEIJIOBOTO HACOCy, skl Oysn mposeneni Ha 6asi (i3MYHOI MOJenl TeIUIoBOl ycTa-
HOBKH. IIpu omiHII eKOHOMIYHOI e(peKTHBHOCTI POOOTH TEIJIOBOTO HACOCY BPAXOBYETHCS PI3HHUL Y
BEJIMYMHI PUHKOBHX TapH(]iB Ha eKBIBaJIEHTHI 00'€éMHU €NEKTPUYHOI 1 TETIOBOI €Heprii, OCKIIBKU Ha
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pobOTy TEIIOBOTO HACOCY BUTPAYAETHCS €IEKTPOSHEPTis], a KOPHCHO CIOXKUTOK €HEPri€ro € Tell-
noBa. [Ipu KOMIJIEKCHOMY BHKOPHCTaHHI TETNIOBOTO HACOCY Ta 3MeHIIeHHI Ha 41,5% koedimieHTy
TEIUIONPOBITHOCTI MaTepiaiy CTiH OyiBIl, JO3BOJIATHME JONATKOBO Ha 43,5% MiABUIIUTH €KOHO-
MIIO BUTPAT Ha OTAJICHHS.

Kiwuosi croga: eneprisi TEIIOBOro HacOCY, OTOIUICHHS KIJIOBOI OyiBI, €KOHOMisl BU-
Tpar.

Anmonenxo H.C., I'punuenxo A.C., Kaniox I'H., Xomenko B.B. «ueprus, npesparieH-
Hasl TETUIOBBIM HACOCOM, KaK CPEICTBO YMEHBIICHHS 3aTPAT Ha OTOIUICHHE KIJIOTO 3AHHSD).

B pabore npeacraBnena KOHLENIMS ONTHMU3ALMHU 3aTPAT HA OTOIUIEHHE IJIsl OTAENBHOTO
JKUJIOTO 3/1aHUsI 32 CUET TIOCTABOK B JIOM SHEPTHH NMPeoOpPa30BaHHON TEIUIOBBIM HACOCOM M M3MEHE-
HUH MOTeph TEIUIOBOH SHEPTUU HAPYKHBIX cTeH. OCHOBHAS 1IeJb CTaThU 3aKJIFOYAETCs B ONpenese-
HUHM PallMOHAIBHBIX PEKUMOB PadOThI TEIUIOBOIO HAcOCAa MPHU YCJIOBHH, YTO €CThb KOMITEHCALIUS
PacXoOB TEIIa Yepe3 CTEHBI 3TaHMsA. DTO MO3BOJISIET PETYINPOBATH 3aTPATHI HA OTOIUICHNE 3[aHUs
3a CUeT MPUMEHEHHS TETIOBOIO HAcOCa, YMEeHbIIeHHe KO3 PUIIHEHTa TETIONPOBOIHOCTH MaTepH-
ana CTE€H IOMa M SKOHOMHH 3JIEKTPOIHEPTUH. DKOHOMHS SJIEKTPUUIECKOH HSHEPrHH BO3HHKAET 32
CUET COKpalleHus: paboThl TEIIOBOrO HACOCAa M YMEHBIIEHHE MOTEPh TEIlIa Yepe3 CTEHbBI JKUIIOTO
noma. Pacder moTepp TEIJIOBOM SHEPTUU Yepe3 CTEHbI OCYINECTBIISJICS Ha OCHOBE PacueToB Tald-
JUYHBIX JAHHBIX U MCCIEIOBAaHUS pabOThI TEIIOBOrO HACOCA, KOTOPbIe OBLIM MPOBEACHHI Ha Oase
¢dusnyeckoil MoneH TerioBol ycTaHoBKHU. IIpu oneHke sxoHOMHYecKoH 3¢ pekTHBHOCTH pabOTHI
TEIUIOBOI'O HACOCA YYUTHIBAETCS PA3HHLA B BEJIMYMHE PHIHOYHBIX TApU(POB HA SKBUBAJICHTHBIE O0b-
€MBI 3JIEKTPUYECKOH U TEIUIOBOH 3HEPIUH, MOCKOJIbKY Ha PadOTy TEIUIOBOIO HACOCA PACXOMyeTCs
3JIEKTPOIHEPTHs], & TMOJE3HO MOTPeONEeHHON SHepruen siBnsiercs Terosas. 1lpu KoMIUIeKCHOM Huc-
MOJIb30BAHUH TETUIOBOTO HAcoca U yMeHbIeHn! Ha 41,5% ko3¢ dunmenra TerionpoBOAHOCTH Ma-
Tepuana CTEH 3[aHus, MO3BOJIUT JOMOJHUTENbHO Ha 43,5% MOBBICUTH 3KOHOMHUIO pacxoAoB Ha
OTOILICHHE.

Kniouegwie croga: sHeprusi TEIIOBOTO HACOCA, OTOIUICHUE JKUJIOTO 3[aHHS, SKOHOMUS 3a-
Tpar.

Introduction

Energy independence of the state is one of the indispensable conditions for the effective
functioning of all spheres of the country's economy. Reducing the energy intensity of production is
achieved by a set of measures for energy and resource conservation, namely, the system inter-
branch approach. Reducing the cost of heating a residential building is based on the following
principles: heating the room through the use of heat pumps; the performance of a heat pump, which
is determined on the basis of compensation of heat energy costs everywhere in the walls of the
house; selection of material and structure of the walls of the building in order to ensure rational heat
loss through in the walls of the building [1].

Purpose of the article

The main purpose of this article is to use the heating of the room with the help of a heat
pump, and the rational mode of its work is determined taking into account the cost of heat through
the walls of the building, and can be expressed in the following form:

Op =0y = Ucr (1
where Qg is the total amount of thermal energy in the building, kJ; Oy is the power of the heat pump
operation kJ/h; Oy s the power consumption of heat through the walls of the building, kJh/m?.

To achieve the goal, it is needed to solve the following tasks:
1. Apply the heating of the building with the help of a heat pump;
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2. Determine the performance of a heat pump based on the cost of heat through the outer

walls of the building;

3. Determine the role of the material of the walls of the building in order to optimize the

heating costs of the building.

Analysis of recent research and publications

One of the perspective directions of the development of heat supply systems for housing and
communal services is the use of heat pumps (HP). The essence of the work is the transformation of
the thermal energy of the earth, groundwater, air, which characterize the temperature of the earth,
groundwater, air to the temperature (45..,75°C), which is used in the heating system [2].

HP manufacturers assure the economic efficiency of the operation of such plants and
provide comparative data consumed by the pump of electricity and transport thermal energy. At the
same time, the ratio of these components corresponds as 1to 3-5, which undoubtedly speaks about
the expediency of mass use of installations of this type. This led to the urgent need to study the
effectiveness of the use of HP [3].

The main material research

The theoretical basis of the work of HP (the principle of which is based on the reverse cycle
Carno) is sufficiently detailed in the scientific literature on the basis of heat engineering and heat
transformation, and the practical design of this type of power equipment depending on the working
environment and the company has a number of features and differences that and determines the area
of its use, working conditions, energy and economic efficiency. The heat pumps have been given a
lot of attention by leading specialists, such as designers, manufacturers and operating personnel, in
recent years [4]. This determined the need to form the relevant knowledge and skills of a wide range
of specialists working in the field of energy supply and energy saving, as well as in related
industries. On the Fig. 1it is presented the basic scheme of installation of HP. The principle of the
effect of HP is that it (HP) takes heat energy from one place, carries (pumping) it, and gives it to
another place. While the principle of heating geothermal HP is based on the collection of heat from
the environment surrounding the building, and transmits the heat collected to the heating system (or
hot water supply) of the building.

Fig. 1 Principal scheme of the heat pump [5]
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As it can be seen from Fig. 1. the circuit diagram of the heat pump operation includes three
closed circuits. In the first, external, circulates the heat transfer fluid C1 (the medium of the heat
source directly or the heat carrier, which accumulates it). The second circuit circulates the
refrigerant (a substance that evaporates, removing the heat of the heat sink, and condenses, giving
the heat to the heat-receiver). In this circuit, there is an evaporator 1, a condenser 2, representing
heat exchangers with medium C1 and C2, respectively, a compressor K, designed to create a
coolant circulation in the second circuit, a throttle valve (TV) in which the change in the aggregate
state of the refrigerant occurs. In the third - heat receiver (as a rule, water in heating systems and hot
water supply of industrial or communal household heat supply).

In real technological systems of geothermal HP, the outer contour is produced more often in
the form of a horizontal or vertical pipeline, enclosed in the ground or in water, in which the non-
freezing liquid/ antifreeze circulates. The second circuit is an integral part of the technological
installation of HP, which contains, in addition to two heat exchangers, a compressor and a throttle
valve control system and emergency automatics, a system of power supply, accounting and control
devices. The third circuit is the inner circuit, that is, the system of building heating itself or a system
of hot water supply.

The heat pump's cycle repeats the Carno cycle [6] in reverse order. Liquid refrigerant is
forced through a throttle, its pressure drops, and it enters the evaporator, where it boils, selecting the
heat supplied by the collector from the environment. The gas to which the refrigerant has been
converted is absorbed into the compressor and compressed and a heated one is pushed into a
condenser. The condenser is a heat pump unit that gives heat: here heat is received by water in the
system of the heating circuit. At the same time, the gas is cooled and condensed to again discharge
into the expansion valve and return to the evaporator. After that, the work cycle starts again.

The cycle system from the thermostat with a lower temperature T, subtracts the amount of
heat Q, and is given to the thermostat with a higher temperature T; the amount of heat Q. For a
circular process, Q=A, but, Q= Q, — Q< 0, therefore A<01 Q; — Q;1=— A, or Q; = Q, + A, that is,
the amount of heat Q;, which is given by the system of heat source at the higher temperature T; is
greater than the amount of heat Q,, which is received from the heat source at a lower temperature
T,, by the amount of work carried out over the system. Consequently, without the work it is
impossible to select heat from the less heated body and give it more heated. This statement is
nothing more than the second beginning of thermodynamics in the formulation of Clausius.
Proceeding from this it can be argued that the efficiency of the heat pump directly depends on the
efficiency factor (EF) of the Carno cycle of a specific heat engineering installation. In other words,
the ratio of the summed mechanical energy consumed to pump the coolant and change its aggregate
state and pumped heat energy, which determines the efficiency of the HP, depends on the efficiency
of the cycle of the HP operation. This correlation can not be called efficiency factor, therefore it is
often called the "transformation coefficient" of HP, which is determined by the formula:

== @
W?ﬂ Q3ﬂ

where O, W, is thermal or active electric energy correspondingly to the work of the compressor,
kWt/h. Oy, W, is thermal or equivalent thermal energy, which is given in the unit of measurement of
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electricity, respectively, obtained at the output of the condenser, J. For the most part of industrial
production, this coefficient ranges from 3 to 5 in the energy equivalent. However, in assessing the
economic efficiency of HP work, account should be taken of the difference in the size of market
tariffs at the equivalent volume of electrical and thermal energy, since the work of HP consumes
electricity, and the energy consumed is heat. Therefore, calculating the energy efficiency of the
same HP in the electrical and thermal equivalents, and multiplying the corresponding market tarifts,
these types of energy will have different indicators. Therefore, economic efficiency should be
determined taking into account the existing tariffs for heat and electricity in a particular region.

The physical meaning of energy conversion is explained in the following way. Let's imagine
that in the capacity of C; and C, water was filled with the same temperature. After that we turn on a
compressor that pumps the coolant of the second circuit, which leads to the cooling of the
evaporator 1 and the heating of the condenser 2.

As a result, the water temperature in the containers will vary in proportion to the amount of
pumped heat from the medium C; (water vaporizer volume) to the medium C, (water of the
condenser). Knowing the temperature variation of each medium At we can determine the amount of
heat O transported from medium 1 to medium 3 according to the formula:

O=m-C-At, (3)
where m is mass of coolant, kg; C is heat capacity of the coolant (for water 4170 J/kgK); At is the
value change of temperature, K.

If we carry out measurements with a certain time interval (testing the stand the interval was taken
equal to 2 min), then we obtain data on the dynamics of temperature changes of media, the pressure
of the coolant in the evaporator and the condenser consumed by the electric power compressor and
calculate the economic efficiency of the heat pump according to the formula:

9=0¢-C,,—W-C, “4)
where Q. is the heat energy is transmitted from the condenser to the medium C,, kJ; Cye 1s a
commercial tariff for heat energy in a particular region for a particular consumer, UAH kJ; W, is
the amount of electricity consumed by the compressor HP, kW h; C. — commercial tariff for
electricity in a specific region for a particular consumer, UAH kWh. Chart changes in the main
values for the 20-minute cycle of the stand are shown on Fig. 2.

In fig. 2nd shows the change in temperature in the media C1 and C2 during the first 20
minutes of TN. In fig. 2-b shows a change in excess pressure P1 and P2, MPa. Figure 2-c shows the
dynamics of the rate of growth of temperature in the media C1 and C2. In fig. 2-d represents the
dynamics of economic efficiency growth in the first twenty minutes of the work of TN. Based on
the principle of the operation of the HP and the basic laws of heat engineering in the laboratory, the
process of operation of the HP was modeled, as well as its main technical indicators were obtained,
which allowed to determine the economic efficiency of the operation of this type of energy-saving
equipment. The considered booth is universal and can be further used to work in simulation models
of complex systems of power supply and energy saving. In the tests carried out on the physical
model of HP economic efficiency was achieved in the amount of 0.46 UAH within 20 minutes,
which, in terms of the daily time interval, will amount to 33.12 UAH, and in recalculation for the
time of the annual heating season will be 6044.5 UAH.
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Mpn6bAb, TPH.

C
Fig. 2 Changing the main parameters of the heat pump in operating mode

Determination of operating modes of the heat pump based on the calculation of
thermal energy losses through the walls of a residential building

The choice of material for the walls of the building is more important stage in its design.
Throughout the walls of the building is constantly lost thermal energy, which should be replenished
at the expense of electricity consumption. For example, we estimate the scale of thermal energy loss
though the outer walls for a two-storey house of 12*12 m. The area of the external walls for this
building at a height of the building of 2.5 m will be 240m2. The thickness of the walls of brick with
a standard thickness of 0.8 m.
The amount of thermal energy passing through a wall of thickness L is determined by the formula:

Where | is a coefficient of thermal conductivity [Wt/(m OC)]; L is the wall thickness, m;
TXT2is a gradient between the temperatures on the outer and inner surfaces of the wall, 0C; S =
b*h is area of the wall (without windows), m2.

Determine the amount of heat that is lost through the wall under two conditions, in the first
case, that the wall consists of one material | = 0,44 Wt/m(C, in the second case, that the wall
consists of one material from two materials 66,7% the thickness of the wall of the material with | =
0,44 Wt/mQC, and 33,3% the thickness of the wall of the material with | = 0,15 Wt/mOC. The
temperature gradient is equal to 200C, but the area of the walls of the building = S= 240 m2

Determination of heat loss everywhere external walls at different values of the coefficient of
thermal conductivity of their material. The balance of heat consumption of the equivalent of electric
energy in all positions per hour is given in the table.

In tabl. 2 shows the calculation of the cost of heating the building with the change in the cost
of heat everywhere external walls in the change in the coefficient of thermal conductivity of the
material walls.
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Table 1
Ne ThICkC\(ZT ofthe | Specific, amount of heat per m2 Loss of heat through the
L m wall area, Q [KWh] walls, kWh
1 08 0,44 0,022 2,64
05 0,44
2 0.5 015 0,01425 171
Table 2.
Cash
expenses
Costs heat (?aSh equivalent to . savings during the
equivalent  Atmosphere of the Money savings .
through . . heating season
Ne costs thermal energy  extraction of  per hour using
the walls, fromthe use of a
KWh throughthe  from HP, kWh thermal HP heat pump. UAH
wall, UAH energy from pUmp,
HP, UAH/
year
1 -2,64 443 2,64 3,05 1,38 6044,5
2 -1,71 2,87 171 1,97 09 3942,0

From the table it follows, on the one hand, that with a decrease in the cost of electric energy

by a heat pump, savings from 6044.5 to 3942.0 UAH are reduced. However, on the other hand, it is
necessary to take into account the fact that in the second option, we further save on reducing the

cost of electricity from 3.05 to 1.97 UAH. During the heating season it is 4730,4.

The result of all savings will be 8672,4 UAH. That is, at reducing the cost of heat energy
everywhere through the reduction of the coefficient of their thermal conductivity, we get a total

savings of 8672.4 UAH.

CONDITION 3

86723

CONDITION 2
6044,5

CONDITION 1

( 2°00 4000 6000 8000 10000

Cost savings, UAH.

Fig. 3 Determination of cost savings for heating
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Figure 3 shows a diagram for determining the cost savings for heating. The diagram is based
on three conditions:

1. Calculate the basic costs of electric energy (without the use of a heat pump) for the
development of heat energy, which maintains the required amount of heat in the building and
compensates for the heat flow through the external walls of the building (the walls of the building
have a coefficient of thermal conductivity which is equal to 0.44 [W/m°C];

2. The cost savings for heating when using a heat pump are calculated. The heat pump
generates thermal energy that maintains the required amount of heat in the building and
compensates for the heat losses everywhere outside the walls of the building (the walls of the
building have a thermal conductivity coefficient equal to 0.44 [W/m°C];

3. Calculation of heating costs using a heat pump when changing the thermal conductivity

coefficient (1), the material of the walls of the building, which is equal to A =0,44 [W/m°C].
The laying of the walls varies: in the section of the outer wall, instead of three bricks of 0.25 m with

A = 0,44 laid out two rows of bricks with A = 0,44 and the average number of bricks with a

coefficient of thermal conductivity A =0,15( see tabl. 1). The final coefficient of thermal
conductivity of the wall is obtained by the equation:

A=0,5-0,44+0,25-0,15=0,2575 , [W/m°C] (6)
Thus, the third condition is that we use a heat pump, the wall has a coefficient of thermal
conductivity A =0,2575 [Br/mM°C]. This leads to the fact that, in order to compensate for the loss

of heat through the wall of the thermal energy in the building will be less, so we get a lower savings
of 3942.0 UAH for the heating season, instead of 6044.5 UAH. Determine the energy savings (at a
tariff of 1.68 UAH / kWh) due to the fact that HP spent 1.97 UAH instead of 3,05 UAH to
compensate heat heat through the wall. We receive for the heating season savings of 4730,4 UAH.
The result is an economy of 8672.4 UAH. (Condition 3, Figure 3).

Conclusions
Thus, on the basis of the study we obtained the following conclusions:

e The general concept of compensation of heat energy losses lost by the walls of the building
through the use of a heat pump.

e The estimation shows the economic efficiency of the operation of the heat pump, taking into
account the difference in the size of market tariffs for the equivalent volumes of electrical
and thermal energy, since the heat pump consumes electricity, and the energy consumed is
heat.

e It was established that the main condition for reducing the heating costs of a building is the
amount of lost heat energy, and it affects the amount of the lost heat and load coefficient of
the material of the walls.

e [t was shown that with the use of a heat pump, savings were received during the heating
season in the amount of 6044.5 UAH. With the integrated use of the heat pump and 41.5%
decrease in the thermal conductivity of the material of the walls in the building, we receive
an additional 43.5% increasing in the cost savings for heating.
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