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ADVANTAGES OF ELECTRICAL HEATING SYSTEMS WITH NIGHT HEAT
ACCUMULATION IN UKRAINIAN CONDITIONS

Purpose. To develop electrical heating systems with night heat accumulation and to prove its advantages comparable with
others possible variants of heating. Methodology. We have purposed a methodology which is based on the current
Standards of Ukraine and included few main assumptions: the efficiency of the electric boiler is assumed equal 100 %; the
dependence of the building heating load on the outside temperature is linear; all the variants of different energy resources
calculating for the system operating correspond to the adequate (depending on weather) regulation. Methodology allows to
determine the main technical characteristics of the system taking into account the possibility of switching on the electric
boiler in the daytime using the half-loading. On the base of suggested methodology was developed the calculation program
for determine the monthly consumption of heat by the building and estimate the cost of heating using different energy
sources. This program also allows to compare the payment for centralized heat supply services at the tariff for the
consumed heat with a payment for the heated area tariff. Results. We have obtained a method for electrical heating systems
with night heat accumulation calculation. Method bases on the current Standards in Ukraine and allows to determine the
main technical characteristics of the system taking into account the possibility of switching on the electric boiler in the
daytime. On the base of suggested method was developed the calculation program for determine the monthly consumption
of heat by the building and estimate the cost of heating using different energy resources. This program also allows to
compare the payment for centralized heat supply services at the tariff for the consumed heat with a payment for the heated
area tariff. Originality. For the first time we have suggested methodology and developed the calculation program for
electrical heating systems with night heat accumulation which is based on the Ukrainian Standards and allows to
determine the monthly consumption of heat by the building and estimate the cost of heating using different energy sources.
Practical value. We have developed a method and calculation program which allows to design the energy saving electrical
heating systems with night heat accumulation. We have demonstrated on the numerical example for the real weather
conditions of Kyiv city the economical advance of using electric heating with night heat accumulation comparable with all
others options (centralized heat supply, gas heating, pellet heating). For December 2017 tariffs in Ukraine, the cost of
electrical heating with night heat accumulation are two times lower than in the case of centralized heat supply with
payment for consumed heat. We have proved that the refund period for implementation of electrical heating systems with
night heat accumulation instead of centralized heat supply services at the tariff for the consumed heat is less than 3 years,
and for centralized heat supply services at the tariff for the heated area tariff is less than 1 year. References 10, tables 4,
figures 2.

Key words: energy saving, electrical heating, night heat accumulation, cost of heating for different energy resources.

Ilens. Ilenv uccnedoganua - paspabomka cucmemvl INEKMPUUECKO20 OMONIEHUA C HOYHBIM AKKYMYJUPOGAHUEM
mennomul U 000CcHOBAHUE ee IHep2OocOepeaouiezo XapaKmepa no CPAGHEHUIO C OPY2UMU 603MONCHLIMU GAPUAHMAMU
omonnenus. Memoouka. Memoouka 0CHOBAHA HA COGPEMEHHLIX cmaHOapmax YKpaunsl u eKauaem cueoyroujue
OCHOGHblE Oonyujenusa: Korghduyuenm noneznozo oeiicmeus rneKmpuueckozo Komna npunumaemcsa paenvim 100 %;
3A6UCUMOCHIL OMONUMENbHOU HAZPY3KU 30QHUA OM GHEWHEell MmeMnepamypvl cuumaemcsa JAUHEUHOU; 0114 6cex
PAcCUemHbIX 6aAPUAHMOE OMONNEHUS, UCHOALIYIOWUX DA3TUYHbIE IHEPZEMUUECKUE PecypCbl, PedCUM padonbl cucmembul
OMONNEHUA OMCNeNHCUBAEN NO200HbIE YCI08UA 6 COOMEEMCHEUU C MEeMRepamypoil Hapyy#cHozo 6030yxa. Memoouka
npedycmampueaem onpeoeyieHue OCHOGHBIX HMEXHUYECKUX XAPAKMEPUCMUK CUCHEMbl C YYEmOM G03MONCHOCHU
GKI0UEeHUA INIEKMPUUECKO20 0ollnepa é OHegHOe 6peMA HA NOI08UHY pacuemnoil nazpy3ku. Pesynomamu. Ha ocnoee
npeonodHceHnozo  memooa  Ovlia  paspadomana  pacuyemHas  nPopamma  OnA  ONpeOeNeHUA  eHCeMeCAYHO20
mennonompebdnenua 30aHuUA U pacuema CMOUMOCHMU OMONNECHUA NPU UCHONb3IOGAHUU PAZIUYHBIX IHEPZEMUUECKUX
pecypcog. Ima npozpamma makyice no360JAem CONOCMAGNAMb CIOUMOCHU UEHMPATU306AHHO20 MENN0CHADICeHUA KAK
no nompedn1eHHOll menaome, MaK u nPpu onaame no éeauyune omannugaemoun naouwiaou. Hayunaa noeusna. Bnepevie
npueedensvlT. Memoo u npozpamma pacuema cucmem 3J1eKMPOOMONIACHUA C HOYHLIM AKKYMYJIUPOGAHUEM Meniomal,
yuumuvlearuwjue Oeiicmeyiouwjue cmanoapmyl YKpauHvl U NO3601AI0W4Ue ONpedeamy OCHOGHble HMEXHUYECKUe
XapaKmepucmuKu CUCHmembl, @ MAKHce paccyumpléams CMOUMOCMU OMONIAEHUA NPU UCHOAb306AHUN PA3IUYHBIX U008
anepzemuueckux pecypcoe. IlIpakmuueckoe 3nauenue. Hcnonv3oeanue npeonazaemoit mMemoouKu no3eonaem
npoekmuposams IHepzochepezaruiue CUcnmemsbl INeKMpPULecKo20 OMONIEHUA C HOUHBIM AKKYMYIUPOGAHUEM MENI0mbl.
Ilpuseden uucnennstii npumep 0na peanvHvlx no200nwix ycaoeuit 2. Kueea. Ilokazano, umo cpok okynaemocmu nepexooa
Ha INeKmpoomonnenue 011 6APUAHMA 3AMeHbl YEHMPATUZ0BAHN020 MENTOCHAOICEHUA ¢ ONNAMOIL 30 NOMPEONEeHHYIO
mennomy cocmagnaem meHnee 3 nem, 0N 6APUAHING 3AMEHbL YEHMPATUIOBANHO20 MENNOCHAOIHCENUA C ONNAMOU 3a
omanaueaemyo naiouyadb cocmasnsiem metee 1 200a. buotn. 10, radn. 4, puc. 2.

Kniouesvie cnosa: sHeprocéepeskenue, 3JIeKTPOOTOIVIEHHE, HOYHAS AKKYMYJSIOHS TeIUIOTHI, PAcXoAbl HA pa3Hble BHIBI
JHEPreTHYeCKUX PecypcoB.

Introduction. The sharp and uneven rise in the Reducing heating costs can be achieved by
cost of different types of energy used for heating reducing the heat loss by building envelopes as a
encourages the search for alternative economic result of their thermo-modernization [1], as well as
solutions.
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through the transition to the use of alternative energy
resources.

Among alternatives, primarily for large cities, in
recent years, electric heating with night-time heat
accumulation [2] and electric heating of the heat-
carrier at night at centralized heat supply systems are
considered.

In both cases, the effect of equalizing the daily
schedule of the electric load of the integrated power
system of Ukraine will be achieved, which will have a
beneficial effect on its operation due to the more complete
loading of the Ukrainian NPPs, which produce the electric
power at the lowest cost in comparison with other types of
generation. Another positive aspect of the application of
electric heating, provided it is sufficiently distributed, is
the saving of natural gas.

The simplest version of electric heating was
considered - the use of thermal electric heaters, not heat
pumps.

Heat pumps, as is known, would allow about three
times to reduce the cost of electricity for heating, but at
the same time they would have to require thousands of
USD investments with a payback period from 3 years and
more that in the current economic situation for Ukraine is
not acceptable.

The problem of finding effective solutions for
different heating systems has been relevant over the past
decades and will remain so in the near future and in the
foreseeable future.

The number of publications on this subject is tens of
thousands. Therefore, let us dwell only on some of them.

Much of the publications are devoted to systems of
centralized heating (both from combined heat and power
plants and from boiler houses).

Of particular interest to this work are publications,
including domestic ones, which deal with issues of
heating with the accumulation of heat.

In [3], the search for rational combinations of
systems of electric heating with renewable energy
sources is carried out, economically justified heating
tariffs are given in [4], in [5] possibilities of rational
arrangement of heat accumulators with systems of
electrical are estimated heating, in [6] the possibilities
of taking into account the need of hot water supply in
systems of electric heating are shown, in [7] the
influence of market factors on the efficiency of
systems of electric heating is estimated, [8] the
possibilities of efficient use of heat accumulators as for
electric heating, and hot water supply are shown.

In contrast, in this paper, the emphasis is not on the
theoretical description of the calculation of the heating
systems itself, but on the practical results of such
calculations.

Hence, the following problem arises - the
determination of the required heating load of the
building (regardless of the specific type of indoor
heating system used), comparisons on this basis of
various possible options for the supply of heat to the
building and the choice of the most economical of
them.

The goal of the investigation is the substantiation
of the energy saving nature of the electric heating system

with night-time accumulation of heat in comparison with
other possible variants of heating.

To achieve the goal, the following tasks must be
solved:

e to develop a method and a calculation program to
determine the main technical characteristics (useful
volume of the tank-accumulator of hot water and the
power of the electric heater) of the electricity system of
heating with an accumulator of heat and electricity
accounting for a three-zone tariff;

e to compare the cost of district heating with gas
heating, with round-the-clock electric heating at
electricity accounting for a single-zone tariff, as well as
with pellet heating;

e to bring a numerical example of the calculation
and a comparative analysis of the cost of heating the
office building located in the city of Kyiv (under the
actual weather conditions in this city) and show the
advantages of a heating system with nightly heat
accumulation.

Brief description of the system of heating with an
accumulator of heat. Charging the heat accumulator [9]
(Fig. 1) is performed when the electric boiler and
circulation pump of the charging circuit are switched on,
mainly at night.

The supply of heat-carrier to the heating devices of
the building is provided by the circulating pump of the
flow path continuously throughout the heating season.

Heat
accumulator

Heat boiler

e
=
on

.g
Three-way AE
. =
electric valve
To heating
N devices >
'

Fig. 1. Principle diagram of the electric heating system
with a water thermal accumulator

The scheme provides the weather control of the
temperature of the heat-carrier supplied to the heating
devices by mixing the part of the rotary heat-carrier with a
three-way electric valve.

Thus, it provides energy-saving mode of operation
and the required heating load of the system, depending on
the temperature of the outside air.
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Method of calculation. The following assumptions
are accepted in the calculation:

e the heat accumulator and the electric boiler are
located directly in the heating room, therefore the loss of
heat through thermal insulation of the accumulator and
through the surface of the electric boiler is not taken into
account;

e the efficiency of the electric boiler is taken equal to
100 %;

e the dependence of the heating load of the building
on the temperature of the outside air is linear: the
external temperature +18 °C corresponds to the zero
heating load, the minimum design temperature of the
outside air corresponds to 100 % of the heating load of
the building in accordance with the statistical climatic
data [10]; heating operates only at ambient temperatures
below +8 °C;

e it is assumed that in all variants of use of different
energy resources the system operates in the mode of
adequate weather regulation;

o the useful temperature difference of the heat-carrier
in a fully charged thermal accumulator and completely
discharged one is 35 K;

e calculation of the current value of the temperature of
the heat-carrier in the volume of the heat accumulator
during operation of the system is carried out on the model
of perfect mixing, without taking into account
temperature stratification;

o tariffs and prices for various energy resources are
taken in accordance with [10] as of December 2017.

The method of calculation takes into account the
possibility of switching on the electric boiler in the
daytime, in the semi-peak period of the load of the power
system, at ambient temperatures below the set
temperature of only night electricity consumption /™€",
while also envisaging the switching on of the electric
boiler for incomplete power.

At the linear relationship between the temperature of
the outside air and the heating load of the building, the
proportion of the total heating load of the building,
depending on the temperature of the outside air, will be:

q/qcalc — ¢q — (tincalc_ t)/(tmcalc _ tCil]C)’ (1)

where ¢ is the specific heating load of the building, W/m?,
at the current value of the temperature of the outside air
t, °C; ¢°° is the specific maximal heating load of the
building, W/m?, at the normative minimal value of the
temperature of the outside air, °C; £,""° = +18 °C is the
calculated air temperature at which the heating load
equals to zero; 1° is the normative minimal value of the
temperature of the outside air, for Kyiv % = -22 °C.

Specific normative losses of heat in a building
during the heating season are the sum of monthly losses
of heat during the heating season:

dearnorm = Goct + Gnov + Gdec + Gjan + gteb + G mar +
+ Gaprs KW-h/m’, 2)

where g ... gapr are the monthly specific losses of heat,
kW-h/m?, which taking into account (1) can be
represented as:

Goct = @ qoct.qcalc. Toct = (1 8~ toct)'qcalc' Toct/(lg - tcalC)’

Gapr = @ qapr _qcalc. Tapr = (1 8- tapr)'qcalc' z-apr/(lg - tcaIC)’
where @ Yo ... @ %, are the shares of the total heating
load at the average monthly temperatures of the outside
air of the respective month of the heating period; 7y ...
T,pr are the number of hours in the respective month of the
heating period, h; ¢® is the specific losses of heat of the
building, kW/m?, at the normative minimum calculated
temperature of the outside air £ °C: toy ... tyr are the
average monthly air temperatures in the corresponding
month, °C.

Then:

qyearnorm = qcalc'[roct'(l 8~ toct) + Tnov'(lg - tnov) + Tdec'(lg -
7tdec) + Zjan'(lg - tjan) + Tfeb'(lg - tfeb) +
+ T (18 — fnar) + Tupr (18 — £p) /(18 — £, kW-h/m’.

Consequently, the maximum calculated specific heat
losses of the building, kW/m?, at the normative minimum
calculated temperature of the outside air, are:

qcalc = (1 8- tCalc)'qyearnorm/[Toct'(l 8— toct) + z-110\/'(18 - tnov) +
+ Tdec'(lg - Z‘dec) + zjan'(lg - tjan) +

+ z-feb'(lg - tfeb) + Tmar'(lg - tmar) + Tapr'(lg - Z‘apr)]’ kW/m2

The maximum calculated heating load of the
building at the normative minimum calculated
temperature of the outside air ' corresponds to the value
¢" =1 and equals:

chalc _ A.qcalc’ kW, (3)

where 4 is the total heating area of the building, m’.
Daily heat consumption of the building at the
normative minimum calculated temperature of the outside

calc,

air £
Qcalc — 24.@‘33]‘3’ kWh/day (4)

At the minimum calculated temperature of the only
nightly electricity consumption €™ °C, heating load
@"™ and daily heat consumption of the building Q™&"
will be:

(pnight _ (Dcalc_(pqnight —
— (pcalc.(tincalc_ tnight)/(tincalc _ ZLc:alc)’ kW, (5)
Q" = 24.-O"", kW-h/day. (6)

During the time of preferential night electricity
consumption (within 7 hours) at a temperature /"™ it is
necessary to carry out a full charge of a water thermal
accumulator simultaneously with the supply of heat for
heating the building.

In this case, the supply of heat accumulated in the
heat accumulator should provide heating of the building
for a full day period of 17 hours.

Consequently, the total amount of heat in the heat
accumulator will be:

Q" = 17-0"", kW-h. @)

Since the heat accumulator must be charged for 7
hours at the same time as the heat supply for heating the
building, the electric power of the boiler will be:

N= Q" + /7, kW. (8)
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Useful volume of heat accumulator:
Ve = 0*¢.3600/(c, - AT*), m’, 9)

where ¢, = 4.19 kJ/(kg-K) is the specific isobaric heat
capacity of water; p = 1000 kg/m’ is the density of water;
AT*™ = 35 K is the useful temperature difference in the
heat accumulator.

Calculated duration of operation of an electric boiler
during daytime during the day at the normative minimum
calculated temperature of the outside air:

z_day _ (Qcalc 7 Qnight)/N’ h. (10)

According to the calculations, > should be less
than the duration of the half-peak period to exclude the
operation of the electric boiler during the peak day period
with the most expensive tariff.

On the basis of expressions (1-10) a program has
been prepared in MS Excel for variant comparative
calculations of systems of electric heating with thermal
accumulator.

Below is an example of the calculation of such a
heating system of an office building located in the city of
Kyiv.

Results of comparative calculation of heating
systems and their discussion. Output data and
calculation results are given in Table 1 for an office
building with an area of 1000 m® with a maximum
specific calculated heating load of ¢°° = 40 W/m?, which
corresponds to a well-insulated building.

Estimated total power of the thermal electric heaters
of the electric boiler is (at operation mostly at night)
102.9 kW, with a useful volume of thermal accumulator
12.52 m’, while the calculated power of the electric
boiler, at a 24-hour operation without a thermal
accumulator, is equal to 40 kW.

The calculation is made for the case when at the
temperature of the outside air below —12 °C the electric
boiler will be switched on at 50 % of the power for
heating the heat-carrier in daylight hours.

At minimum calculated temperature, the duration of
day-time switching on the electric boiler will not exceed
5 hours.

Table 2 presents the results of calculations of
monthly costs for building heating using different energy
resources and forms of payment.

Table 3 and Fig. 2 show the results of calculations of
total seasonal costs for building heating using different
energy resources.

According to the calculation, the total heat
consumption of the building during the heating season is
83.9 MW-h, which corresponds practically to the
regulatory level of 83 MW:-h, hence, the calculated
maximum 40W/m’ of the specific heating load
corresponds to the normative thermal losses of the
building.

The smallest seasonal heating costs in the amount of
41.2 thousand UAH are provided with the use of electric
heating with night-time accumulation of heat and with the
use of three-zone accounting of electricity consumed.
Relatively small expenses of 50.6 thousand UAH
correspond to the heating with pellets, but considering the

concomitant factors associated with the need for periodic
delivery, storage of pellet and waste disposal, the
electrical heating is much better.

When using a gas boiler, seasonal expenses will
amount to 83.5 thousand UAH, which is twice much as
when electrical heating with  night-time heat
accumulation.

In the case of district heat supply, payment for its
services in the amount of 92.8 thousand UAH during the
heating season is not much higher than the cost of gas
heating.

The largest seasonal heating costs in the amount of
210 thousand UAH arise in the case of monthly payment
for district heating services at the tariff 30 UAH for each
square meter of heating space during the heating season,
that is, in the absence of a registered heat meter.

If you wuse electric heating without thermal
accumulation, then, subject to adequate weather
regulation, seasonal costs will be 164.7 thousand UAH,
which is less than with district heating with payment for
services for the tariff for the heating area.

Table 1
Initial data and technological calculation results

Total heating area of the building, m> 1000

Maximum specific heating load of the building, W/m? 40

Normative maximum seasonal heat losses of the

83

building by JIEH B2.6-31:2016, kW-h/m?
The minimum external temperature of only night-time
electricity consumption (at lower temperatures there is| —12
a day-time switching on of the electric coil), °C
The share of electrical power in the daytime operation

Lo 50
of the electric boiler, %
Calculated total power of the thermal electric heaters 102.9

of the electric boiler, kW

Calculated power of the thermal electric heaters of the
electric boiler with round-the-clock operation without 40
thermal accumulation, kW

Useful difference of temperature of water in a thermal

accumulator, K 35
Useful calculated volume of the thermal accumulator, 12.52
m’ ’
Basic electricity tariff excluding VAT, kopeck/(kW-h) | 163.545
Cost of consumed heat at centralized heat supply,
UAH/Gcal 1286.07
Cost of district heating at paying for a unit of heating 30
space, UAH/(m* month)
Cost of natural gas for an industrial boiler-house,

3 9692.4
UAH/thousand m
Cost of natural gas in the composition of the
consumed heat at district heat supply, taking into 1156.6
account the efficiency of the gas boiler, UAH/Gcal
Cost of pellets, UAH/t 2410
Heating capacity of pellets, MJ/kg 18
Cost of pellet heat, taking into account the efficiency 700.7
of the pellet boiler, UAH/Gcal ’
Cost of heat for round-the-clock heating without a 2282 4

thermal accumulator, UAH/Gcal
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Let us consider also expediency of reconstruction of
existing heating systems by replacing the heat source with
electric heating with a thermal accumulator at a three-
zone tariff. The comparison is made with the most
widespread heat supply in large cities of Ukraine —
centralized (district) heat supply both with payment for
consumed heat, and with payment for the heating area.

Table 2

Seasonal heating costs at using various energy resources
The heat consumed for the season, Geal 72.2
The heat consumed for the season, MW-h 83.9
Normative maximum seasonal heat losses for a 3
building by IBH B2.6-31:2016, not more, MW-h
Cost of electricity consumed during the heating
season in the presence of adequate weather 41.2
regulation, thousand UAH
Cost of electricity consumed during the heating
season at round-the-clock heating without a thermal 164.7
accumulator, but in the presence of adequate weather ’
regulation, thousand UAH
Cost of district heating during the heating season at
the tariff for the released heat in the presence of 92.8
adequate weather regulation, thousand UAH
Cost of district heating during the heating season with 210
the tariff for the heated area, thousand UAH
Total amount of consumed gas during the heating
season, in the presence of adequate weather 8.6
regulation, thousand m’
Cost of consumed natural gas during the season for 235
heating, thousand UAH ’
Cost of pellet heating in the presence of adequate 50.6
weather regulation, thousand UAH ’
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Fig. 2. Seasonal heating costs at using various energy resources,
thousand UAH

Table 3
Monthly heating costs when using different energy resources
Month Oct. | Nov. | Dec. | Jan. | Feb. [March|April
Average temperature, °C 75| 12 | 35|-59|-52|-04]|75
Consumed heat, Gecal/month 3.84110.40(13.75|15.29(13.41|11.77|3.71
Consumed heat, kW-h/month 4464(12096(15996|17782{15590/13690|4320
Cost of consumed electricity, thousand UAH/month 2191593 | 7.85|8.72 | 7.65 | 6.72 |2.12

without thermal accumulator, thousand UAH/month

Cost of consumed electricity at round-the-clock electrical heating

8.76123.74131.39|34.90|30.60 | 26.87 | 8.48

UAH/month

Cost of district heating when paying for released heat, thousand

4.94113.38|17.69|19.66|17.24|15.14 [ 4.78

Cost of district heating when paying for heating area, thousand

30| 30 | 30 | 30 | 30 30 | 30

UAH/month
Cost of the equivalent gas consumed for heating, thousand UAH/month [4.44[12.03|15.91|17.68|15.50| 13.61 | 4.3
Cost of pellet heating, thousand UAH/month 2.69| 7.29 | 9.64 [10.71]| 939 | 8.25 | 2.6

Calculations of the electrical heating system are
presented in the summarized Table 4. Comparison of
the total cost of the proposed system of heating (Table
4) with annual costs for district heating (Fig. 2) shows
that the payback period for switching to electrical
heating from district heating with payment for

consumed heat is 2.7 years, and with payment for
heating space — 0.83 years.

Thus, the use of electrical heating systems with
night-time heat accumulation is not only appropriate
for new heating systems, but also for existing ones.
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Table 4

Characteristics of the system of electric heating with thermal accumulator

Initial data for calculation
Calculated total power of thermal electric heaters 102.9 kW
Useful calculated capacity of the heat accumulator 12.52 m’
Calculated temperature difference in the charging circulation circuit 5K
Estimated temperature difference in the consumption circulation circuit 10K
Water speed in the charging circulation circuit 1.5m/s
Water speed in the consumption circulation circuit 1.5 m/s
Water speed in the mixed circulation circuit 1 m/s
Results of calculation of main technological characteristics of the heating system
Calculated water consumption in the charging circulation circuit 4.913 kg/s 17.69 t/h
Calculated water consumption in the consumption circulation circuit 0.955 kg/s 3.44 t/h
Tube diameter of the charging circulation circuit 0.0646 m 64.6 mm
Tube diameter of the consumption circulation circuit 0.0285 m 28.5 mm
Diameter of branch pipes of heat accumulator 0.0864 m 86.4 mm
Cost indicators of the heating system
cost, UAH
Electrical boiler 15000
Circulation pump of the charging circuit 8300
Circulation pump of the consumption circuit 2900
Heat tank-accumulator 18000
Heat insulation 10000
Three-way regulating valve {y32 1700
Servo drive for three-way regulating valve /{y32 2500
Automatic control unit 16000
Locking valves, pipes, tees, fittings, heat insulation of communications 20000
Construction works 45000
Total cost 139400
Conclusions. heating with payment for the consumed heat is less

1. A method and program of calculation of systems of

electric heating with night accumulation of heat is given.

The method takes into account the current Standards
of Ukraine and allows to determine the basic technical
characteristics of the system, taking into account the
possibility of switching the electric boiler into half of the
calculated power in daylight hours.

2. The proposed method and developed program allow
determining the monthly heat consumption of buildings
and calculating the cost of heating using different types of
energy resources, as well as comparing the costs of
district heating with payment for consumed amount of
heat and when paying for the heating area.

3. A numerical example for real weather conditions in
Kyiv city has shown the economic benefits of using
electric heating with night-time heat accumulation.

According to the Ukrainian tariffs for December
2017, the cost of heating with a nightly accumulation of
heat is two times lower than for district heat supply with
payment for consumed heat.

4.1t is proved that the payback period for switching
to electrical heating for the option of replacing district

than 3 years, and for a variant of the replacement of
district heating with payment for the heating area is
less than 1 year.
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