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ANALYSIS OF THE COST OF HEAT ENERGY AND THE WAYS OF IT'S SAVING FOR
RESIDENTIAL BUILDINGS

The rise in gas prices causes them to switch to alternative fuels such as firewood, coal and fuel briquettes. Replacing a gas boiler
with a solid fuel does not require much effort and such a solution was economically feasible given the high cost of electricity as well.
However, to date, energy pricing has undergone a realignment. So the question remains how to really save energy and money of con-
sumers. The purpose of the article was to analyze the cost of thermal energy during the heating period for individual buildings given
the constant change in price and priorities for a particular fuel. Mathematical estimation of heat losses of an individual building was
carried out, based on a number of assumptions and generalizations. Thanks to this technique, it is possible to estimate with sufficient
accuracy for engineering calculations, consumption of natural gas, solid fuel and electricity to provide energy to the home heating
system. As a result of the analysis, a number of features can be outlined. After rising gas prices, individual homeowners have made a
sharp switch to solid fuel heating. In 2016, prices for alternative fuels, such as coal and fuel briquettes, were much lower than the pri-
ce of gas for the population. Therefore, a solid fuel boiler unit was a good solution to the problems of Ukrainians in the fight against
energy dependence. In 2020, the situation changed dramatically. The price of solid fuels has risen and it is difficult to find an alterna-
tive to gas now, taking into account the ease of operation of the gas boiler, as opposed to solid fuel. The sharp rise in the price of fire-
wood and coal is associated with high demand and a sharp decrease in solid fuel resources. It should also be noted that the problem
of ecology in Ukraine will continue to become increasingly important. Therefore, the use of solid fuel sources of heat will have to be
consciously refuse in the near future. Application of local infrared heating system will allow to provide local heating of only some re-
sidential zones. Also, the installation of a two-zone or three-zone electricity meter and quality regulation of the infrared heating
system will save energy.

Keywords: heat of combustion; fuels; gas prices; electricity meter; infrared heating system.

Introduction. Currently, there are many ways to heat a
room in the cold period of the year in Ukraine. Individual
homeowners have a greater choice of heat sources than tho-
se living in apartments. The rise in gas prices causes them
to switch to alternative fuels such as firewood, coal and fuel
briquettes. This was a particularly pressing issue during the
period of sharp price rise in 2014. Replacing a gas boiler
with a solid fuel does not require much effort and such a so-
lution was economically feasible given the high cost of
electricity as well.

However, to date, energy pricing has undergone re-
alignment. So the question remains how to actually save
energy and residents' own funds.

The object and subject of study. The subject of the
study is the energy price policy in Ukraine. The object of
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study is an individual house that has been heated by diffe-
rent sources of heat.

Purpose and tasks of the study. The purpose of the
article was to conduct an analysis of the cost of thermal
energy in the heating period for individual buildings gi-
ven the constant change in price and priorities for a parti-
cular fuel.

Scientific novelty of the research and practical signi-
ficance of the obtained results. Mathematical estimation
of heat losses of an individual house was conducted, based
on a number of assumptions and generalizations. With this
technique, it is possible to estimate with sufficient accuracy
for engineering calculations, consumption of natural gas,
solid fuel and electricity to provide energy to the individual
heating system.
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Analysis of Literary Sources. According to the rese-
arch [4] exhaustion of the world's natural gas reserves and
increasing its production on the one and higher consumpti-
on on the other, lead to higher natural gas prices each year.
This, in turn, increases the share of expenditures in the ba-
lance of both the state and the individual building for
energy and is increasingly asking questions about the effec-
tiveness of its use.

After the sharp rise in gas prices, solid fuel became the
alternative to natural gas. However, with increasing de-
mand, the price of solid fuel has also increased.

In terms of electricity consumption, it is uneven by ho-
urs of the day and by season. In residential buildings, about
60 % of electricity is consumed between 18 and 22 hours.
In summer, electricity is consumed 15-25 % less than in
winter.

Daily load schedule has a pronounced uneven nature
with a significant increase in load in the evening and mor-
ning and recession at night [1]. Speaking about the use of
electric heating private houses, the quality of its regulation
and the use of a two-tariff meter will allow to obtain signifi-
cant energy savings.

Materials and Methods. Consider, for example, a hou-
se in Lviv with a total area of 200 m” with an estimated heat
loss of 20 kW. The calculation of the main indicators of bu-
ilding is tabulated (The cost of energy was calculated from
the received fuel and electricity costs taking into account
electricity tariffs and different types of fuel in 2016 and
2020 (table 1).

The heat consumption for the heating period is calcula-
ted by the formula:

(1)

and is 43180 kW-h or 155448 MJ for the heating period.
Here: Q1 — heat loss in the house, W; ¢, — indoor air

temperature, °C; ¢}, — ambient temperature of the heating
period, °C; 3, — ambient temperature is the coldest five
days, °C; n;, — duration of heating period, days.

Fuel consumption was calculated with heating of this
building with different types of fuel. Natural gas, coal from
the Volyn deposit, firewood and fuel briquettes or pellets
were considered.

The consumption of gas and solid fuels was determined
by the formula [5]:

_ Ovear. ,m’.
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Where Qf — lower estimated heat of combustion of the

)

P

specified fuel, MJ/m®; n — efficiency of the selected type of
boiler unit.

For comparison, the calculation of electricity con-
sumption when was the heating of the house with an
electric boiler was calculated.

Electricity consumption was determined by the formula:

N= Q}/’:ﬂ’ , kW-h. (3)

Where k — coefficient of transformation of electric energy
into thermal energy, £ = 0.98.

The calculation of fuel and electricity consumption is
summarized in the table 2. The cost of energy was calcula-
ted from the received fuel and electricity costs taking into
account electricity tariffs and different types of fuel in
2016 and 2020 (table 3).
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Table 1. Basic indicators of the object

The location Heating | Heat losses, | Indoor air tem- | Ambient temperature is | Ambient temperature of [Duration of heating
of the object | area, m? kW perature, °C | the coldest five days, °C | the heating period, °C period, days
Lviv 200 20 20 -19 0.4 179
Table 2. Calculation of fuel and electricity consumption
Lower estimated heat of combustion of | Efficiency of the selected type .
Type of fuel the specified fuel, MJ/m’ g]f boiler unit ’ Fuel consumption
Natural gas 35.6 0.93 4695 (m’)
Coal 21.44 0.8 9.06 (t)
Firewood 10.21 0.8 19.031 (t)
Fuel briquettes, granules 17.5 0.8 11.103 (t)
Electricity - 0.98 44061 (kW-h)
Table 3. Energy cost in 2016
Type of fuel Fuel consumption Price per unit Energy cost, UAH
Natural gas 4695 (m’) 6.879 UAH/m’ 32297
Coal 9.06 (t) 3100 UAH/t 28086
Firewood 19.031 (t) 1000 UAH/t 19031
Fuel briquettes, granules 11.103 (t) 2000 UAH/t 22206
Electricity 44061 (kW-h) 65171
Table 4. Energy cost in 2020
Type of fuel Fuel consumption Price per unit Energy cost, UAH
Natural gas 4695 (m’) 5.40 UAH/m’ 25353
Coal 9.06 (t) 4500 UAH/t 40770
Firewood 19.031 (t) 2300 UAH/t 43771
Fuel briquettes, granules 11.103 (t) 3200 UAH/t 35530
Electricity 44061 (kW-h) 73945
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Research results. Analysis of fuel prices in 2016 showed
that when natural gas prices rose for the population, prices
for solid fuel were low. Prices for all fuels are rising in
2020 however the cost of natural gas for the population is es-
timated as the sum of the cost of gas for its use plus the cost
of gas for its transportation. To compare prices, see Figure 1.
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Figure 1. Comparison of fuel prices in 2016 and 2020

As the tables and charts show, the cost of fuels has
increased in 2020, except gas. Compared to other fuels, the
cost of natural gas has decreased by 21.5 %. This is a result
of a reduction in gas tariff, not a reduction in total gas con-
sumption. In the future it is necessary to pay attention to re-
orientation of heat sources for more fuel efficient [2].

Discussion of the obtained results. As a result of the
analysis, a number of features can be outlined. After chan-
ging gas prices, individual homeowners have made a sharp
transition to solid fuel heating. And as you know, demand
generates supply. In 2016, prices for alternative fuels, such
as coal and fuel briquettes, were much lower than the price
of gas for the population. Therefore, a solid fuel boiler unit
was a good solution to the problems of Ukrainians in the
fight against energy addiction. In 2020, the situation chan-
ged dramatically. The price of solid fuels has increased and
gas alternatives are hard to come by now, taking it into con-
sideration that the gas boiler unit is easy to operate, unlike
solid fuel one.

The sharp rise in the price of firewood and coal is asso-
ciated with high demand and a sharp decline in solid fuel
resources. It's also worth noting that the problem of ecology
in Ukraine will continue to become increasingly important.
Therefore, the use of solid fuel sources of heat will have to
be deliberately abandoned in the near future.

The most expensive source of heat is electricity. Howe-
ver, looking at the statistics of past years, can conclude that
compared to the cost of traditional fuels, electricity may be
a good alternative to other fuels in the near future, with its
proper economic use.

In the same individual building for 200 m’, it is advisab-
le to develop a zonal heating system with alternative heaters
such as electric infrared heaters [3]. The use of such a
system will allow providing local heating only in certain re-
sidential areas where people are located. This will eliminate
the need to heat the entire volume of the room, unlike tradi-
tional heating systems with solid fuel or gas boiler unit

(Fig. 2) [6].
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Figure 2. The use of infrared heaters in residential buildings

Conclutions. Electricity remains an alternative to natu-
ral gas among the traditional fuels in Ukraine. The rise in
price of fuel and heat is an economical prerequisite for
electrification of public utilities. This allows in some cases
to talk about the cost-effectiveness of electrification of he-
ating systems.

The price of fuel briquettes has increased by 37.4 %, of
coal has increased by 31.1 %. The price of firewood incre-
ased the most, by almost 56.5 %. This explains the rapid
response of the population to finding an alternative to natu-
ral gas.

Using local electric infrared heating will allow local he-
ating only individual residential areas. Using an electric
infrared heater will increase the efficiency of the heating
system by 60 %.

Also installing a two-zone or three-zone electricity me-
ter and good regulation of the infrared heating system will
save energy.
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AHAJII3 BAPTOCTI TEIIJIOBOI EHEPTII TA IIIJIAXU I EKOHOMII
11 "KUTJIOBUX BY/IUHKIB

310porKUaHHS IiHU Ha Ta3 IPOBOKYE NEPEXOANTH Ha ajbTEePHATHBHI BUIY MAJINBA, TaKi K APOBA, BYTLUISA Ta MAIUBHI OPUKETH.
3amiHa Ta30BOro KOTJIa Ha TBEPAONAIMBHUN He TOTpedye 6araTo 3ycuib, i Take pilleHHS MpodieMy OyI0 eKOHOMIYHO JOLLIBHHM, 3
OISy Ha BUCOKY BapTICTh €leKTpoeHeprii Takox. [Ipore Ha chorofHi IiHOBA MOJITHKA HA EHEPropecypcH 3a3Haia nepedynoBU.
Tox BIAKPUTHM 3aJIMIIA€THCS MUTAHHA, SIK HACIIPaBAi BapTO €KOHOMUTH €HEpril0 Ta BIACHI KOMTH. TOMY y IIbOMY IOCIHiIKEHHI
IIPOAHATI30BaHO BapTiCTh TEIUIOBOI €HEPrii B ONMATIOBANBHUI IEpio]] UId IHIUBIyalIbHUX XKHUTIOBUX OyIWHKIB 3 ypaXyBaHHSIM II0C-
TiHOI 3MiHM L[IHM Ta MPIOPUTETIB HA TOW UM iHIIMIT BUA ManuBa. BukoHaHO MaTeMaTHYHY OLIHKY TEIUIOBTpPAT iHAUBIIYaJILHOTO OY-
JIMHKY Ha TiJCTaBl HU3KM NPUIYIICHb TA y3arajbHEHb. 3aBISKH Iif METOAMI MOXKIJINBO OLHHUTH, 3 JOCTATHBOIO JUIS IHKCHEPHHUX
PO3paxyHKIB TOYHICTIO, BUTPATy NPHUPOIHOTO Ta3y, TBEPAOro NMaJMBA Ta SJNEKTPOEHEpril Ha 3a0e3NedeHHs] CHePricl0 CHCTEMH OIa-
JICHHS XKHUTJIOBOTO OYIMHKY. 3a pe3ynbTaTaMy BUKOHAHOTO aHaJIi3y MOXKHA OKPECINTH HU3KY ocobnmBocTel. [licist 3pocTaHHs miHU
HA Ta3, BIIACHHUKH 1HIAWBIAYyaIbHIX OYIWHKIB 3[IHCHIIN PI3KUH MEpexia Ha ONajeHHs TBepAuM naiuBoM. Y 2016 p. iHK Ha anbTep-
HaTHBHI B/ NAJIUBA, TaKi SK KaM'ssHE BYTUUIA Ta MaMuBHI Opukery, Oyau Habararo HIDKYMMHU 3a LiHY Ha Ta3 A7 HaceJeHHS. ToMmy
TBEPONAIMBHUN KOTeN OyB 10OpUM pillleHHSAM 1pobiieM yKpaiHmiB y 60poTs0i 3 eHepreTHyHoo 3anexHicTio. Y 2020 p. curyanis
cTpimMKo 3MiHmacs. LliHa Ha TBepAe NaIMBO 3pociia i HaTenep allbTepHATHBRY Ta3y BayKKO 3HANTH, SKIIO IIE 1 B3ITH 10 yBaru pocTo-
Ty B €KCIDTyaTallii Ta30BOT0 KOTJIa, HA BiIMiHY BiJl TBepaONaIUBHOTO. CTpiMKe IiJHSTTS LIHU Ha JPOBAa Ta BYT1JUIS [IOB'I3aHE 3 BEJIH-
KHM IIOIIUTOM Ta Pi3KUM 3MEHIICHHSIM TBEPAONAINBHUX pecypciB. Takoxk BapTO 3a3HAYUTH, L0 NpodieMa eKolorii B YkpaiHi Haga-
1i 6yne HaGyBaTH nexani GLIBIIOrO 3HAaUeHHS. TOMY Bil BUKOPHUCTAHHS TBEPIONAINBHUX JDKEPEN TEIUIONOCTadyaHHs MOTPiOHO Oyne
CB1ZIOMO BIZIMOBJIITHCS B HEAIEKOMY MaliOyTHEOMY. 3aCTOCYBaHHSI JIOKAJIBHOI CUCTEMH iH()PAYepPBOHOTO ONAJICHHS JaCTh 3MOTY 3a-
0e3reunTy JIOKaJbHUHM HArpiB TUTBKH OKPEMHX JKHTJIOBHX 30H. Tako BCTAHOBJICHHS IBO- a00 TPH30HHOTO JIYMIBHUKIB €IEKTPO-
eHeprii Ta sSKiCHEe PEeryIIOBaHHSI CUCTEMH 1H()PaIepBOHOTO ONAJICHHS JacTh 3MOTY 3a0IIaUTH €HeProHOCii.

Kniouogi cnoea: Temnora 3ropsHHS NANUBA; IIHU Ha Ta3; JIUMIBHUK €IeKTPOSHeprii; iHppauepBoHa cHCTEMa ONaJICHHSL.
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