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Summary. The analysis of the measured data on the calorific value of natural gas in different regions of
Ukraine for 2014-2019, which are in the public domain, has been carried out. Since 2020, such data has not been
published. This predetermines the need to use calculation methods for determining this physical quantity for
subsequent years in different regions of Ukraine. It is proved that during 2018-2019 there was a trend for the
stability of calorific value of natural gas, and fluctuations of calorific value had a smaller amplitude (within the
range of 9.31-9.80 kW-h/m®), the spread in the values of the calorific value almost halved: from 0.88 to
0.49 kW-h/m® compared to 2014-2017. Therefore, the measured data for the calorific value of natural gas for the
period 2018-2019 were taken as a basis for predictive modeling of this physical quantity.

It has been established that for most regions of Ukraine it is possible to use a single average value of the
calorific value of natural gas for the subsequent determination of the energy of this energy carrier. The exceptions
are Donetsk, Ivano-Frankovsk, Lugansk and Chernivtsi regions, in which the measurement data of the calorific value
of natural gas are described with sufficient accuracy by the trigonometric cosine function. By the method of predictive
modeling, a mathematical model has been developed to determine the calorific value of natural gas for a specific
month of the year in Ukraine. The adequacy of the developed model has been verified by the example of measuring
data on the calorific value of natural gas along route 406 (lvano-Frankivsk region). It was found that the relative
error in calculating the combustion heat of natural gas on this route does not exceed plus 1, minus 3%, which is
comparable with the accuracy of measuring the volume of natural gas with household gas meters (the volume of gas
and its heat of combustion are parameters for determining the energy of natural gas). Thus, a predictive mathematical
model has been developed with sufficient accuracy to describe the change in the calorific value of natural gas and
can serve as a basis for calculating this gas parameter in the absence of measurement data.

Key words: natural gas, combustion heat, predictive mathematical model.

https://doi.org/10.33108/visnyk_tntu2021.03.110 Received 07.09.2021

Statement of the problem. Nowadays, in Ukraine natural gas is metered in cubic
meters. However, depending on the origin of the gas and the technology of its preparation,
natural gas may have different energy performance, including combustion heat. Since the
amount of energy directly depends on the heat combustion of natural gas, it is important to
measure this value and on its basis to calculate the energy of natural gas.

Analysis of recent researches. Instrumental metering of natural gas energy in Ukraine is
only at the stage of implementation. However, as emphasized in [1], a number of current regulations
[2, 3] require the accounting of natural gas in units of energy. In addition, the document [3] allows
the calculation of natural gas consumption in cubic meters, which must be brought to standard
conditions and expressed in units of energy. The method of such calculation is given in [1].

Objective of research is to evaluate the measured data on the combustion heat of
natural gas in different regions of Ukraine in 2014-2019 and on their basis to carry out
predictive modeling of this physical quantity in the coming years.
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Formulation of the problem. The official website of JSC Ukrtransgaz [4] provides
information on physical and chemical parameters of natural gas in all regions of Ukraine
(monthly) since 2014. Fig. 1 shows the graphical dependences of the combustion heat (calorific
value) of natural gas in each month of the year from 2014 to 2019.
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Figure 1. Characteristics of calorific value of natural gas in 2015-2019

As can be seen from Fig. 1, combustion heat of natural gas H during 2014-2016 ranged
from 9.23 kWh/m? to 10.11 kWh/m?3, and since mid-2017, its value has become more stable. In
2018-2019, the trend of stability of calorific values of natural gas persisted, and fluctuations in
combustion heat values had a smaller amplitude (in the range of 9.31-9.80 kWh/m?), the scatter
of combustion heat values decreased almost twice: from 0.88 kWh/m? to 0.49 kWh/m?.

Based on the above analysis, to assess the calorific value of gas, it is reasonable to

consider the combustion heat of natural gas only for the last two years (Fig. 2).
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Figure 2. Characteristics of calorific value of natural gas in 2018-2019
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Determination of the calorific value of natural gas using predictive modelling

According to the results of the analysis of the measured data, the graphical
representation of which is shown in Fig. 2, it is established that their average value is
9.57 kWh/m?, and the maximum deviations of the measured values from the average are 2.4%
and minus 2.7%. The exception is Lviv region, where the average combustion heat of natural
gas is 9.46 kWh/m?, and the maximum deviations of the measured values from the average are
0.7% and minus 1.6%. It is known that the combustion heat and the volume of natural gas are
used to calculate the energy of natural gas [5]. Given that domestic gas meters measure natural
gas volumes with an error of 3% and minus 6%, and the maximum deviations of the measured
values of combustion heat of gas from the average value are within these limits and do not
exceed the error limits of volume measurements gas; then, when calculating the energy of gas,
a single (average) value of the combustion heat of the gas can be used.
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Figure 3. Characteristics of calorific value of natural gas in some regions
As can be seen from Fig. 3, which is a part of Fig. 2, in four regions: Donetsk, lvano-
Frankivsk, Luhansk and Chernivtsi, the dependence of the combustion heat of natural gas on
the month of the year can be described by trigonometric cosine function.
Methods of research. The combustion heat, similarly to [6], will be recorded as:
H, =H + Acos(art —¢). (1)
The parameter ¢ is assumed to be zero. The value A is determined by the formula:

A:—(H07—H01)/2, (2)

where H,,H,, are the combustion heat of natural gas in July and January, respectively.
Since time reading is from the beginning of January, we have the equation H, =H + A,
hence:
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ﬁ:Hm_A’ (3)

27 2r

r 36524

p

=0,717259 -10 *roa*, @)

where z istime in hours. The value @ is calculated by the equation wr, =27, 7z, is the number

of hours per year.
Assume that each month has the same number of hours 7,, =365-24/12=730(z,, is

the number of hours in 1 month of the year). In this case, formula (1) can be written in a slightly
different form:

H, = H + Acos(0,717259 -10°° - (n—1)- 730), (5)
where n is the number of the month in the year.

Having performed certain mathematical transformations in formula (5), we obtain the
dependence:

H. =H + Acos(0,5236(n —1)). (6)

Results of the research. Parameters A and H for the above regions, calculated by
equations (2) and (6), are given in Table 1.

Table 1

Parameters A and H for Donetsk, Ivano-Frankivsk, Luhansk and Chernivtsi regions

Equation parameters / region Donetsk Ivano-Frankivsk Luhansk Chernivtsi
A, KWh/m? -0.103513 -0.122115 0.074432 -0.05815
H , kKWh/m® 9.598245 9.622662 9.513288 9.577305

Based on the obtained data, a mathematical predictive model was developed to
determine the combustion heat of natural gas for a certain month of the year in Ukraine.

H,, = 9,598245 —0,103513 c0s(0,5236(n —1))
H ., =9,622662 —0,122115 c0s(0,5236(n — 1))
H,, =9,513288 + 0,074432 c0s(0,5236(n — 1))
H e, = 9,577305 — 0,05815 cos(0,5236(n — 1))
H.,, =9,46

H opern = 9,57

(7)

Lvn

othern
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Determination of the calorific value of natural gas using predictive modelling

where H,,, H,, H He.,.» H, isthe combustion heat of natural gas for a certain n-month

of the year in Donetsk, Ivano-Frankivsk, Luhansk, Chernivtsi and Lviv regions, H

combustion heat of natural gas in all other regions of Ukraine.

To quantify the developed model, it is necessary to calculate the combustion heat of
natural gas in a certain region of Ukraine on a certain route of natural gas supply in a year
following 2018-2019 (based on measured combustion heat for these years predictive modeling
was carried out). Route 406 in Ivano-Frankivsk region was randomly selected. The results of
determining the combustion heat of natural gas on this route according to the developed model
(7) are given in Table 2. Data for calculations are taken from the official website of RGC «lvano-
Frankivskgas» [7] for the last annual period (from July 2020 to June 2021).

IFn ! Lgn ! Lvn

is the

othern

Table 2

Results of determining the combustion heat of natural gas on route 406

Month/ | 07 08 | 09 | 10 | 11 | 12 | 01 | 02 | O3 | 04 | 05 | 06
year 20 20 | 20 | 20 | 20 | 20 | 21 | 21 | 21 | 21 | 21 | 21

i 10.01 | 9.96 | 9.91 | 9.76 | 9.56 | 9.57 | 9.56 | 9.57 | 9.56 | 9.53 | 9.88 | 9.98
kwh/m3

The relative error between the values of the heat of combustion of natural gas calculated
by formula (7) and the measured data of this physical quantity obtained from [7] is shown in
Fig. 4.

8, %
1,5

0,5

0 T T T — = T T T T T , month

2,5 1+

-3 Years
2020 2021

Figure 4. Relative error in calculating the combustion heat of natural gas on route 406

Thus, the developed model describes the change in combustion heat of natural gas in
Ivano-Frankivsk region with sufficient accuracy (relative error in calculating the combustion

114 ... ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (103), 2021https://doi.org/10.33108/visnyk_tntu2021.03


https://doi.org/10.33108/visnyk_tntu2021.0

Halyna Kuz, Leonid Zamikhovskyi, Vitalii Shulha, Mykola Kuz

heat of natural gas on this route does not exceed plus 1, minus 3%) and can be a basis for
calculating this gas parameter.

Conclusions. Based on the analysis of measurement data of combustion heat of natural
gas in different regions of Ukraine in 2014-2019, it was found that during 2018-2019 there
was a trend of stability of calorific values of natural gas. It is substantiated that for most regions
of Ukraine it is possible to use a single average value of combustion heat of natural gas 9.57
kwWh/m? to further determine the energy of this energy source. In this case, the maximum
deviations of the measured values from the average will be plus 2.4% and minus 2.7%. The
exception is Lviv region, where the average value of combustion heat is 9.46 kWh/m®, the
maximum deviations of the measured values from the average is plus 0.7% and minus 1.6%.

In a number of regions: Donetsk, lvano-Frankivsk, Luhansk and Chernivtsi, the
measured data of natural gas combustion heat are described with sufficient accuracy by the
trigonometric cosine function.

By applying the method of predictive modeling, a mathematical model was developed
to determine the combustion heat of natural gas for a certain month of the year in Ukraine. The
adequacy of the developed model was tested on the measurement data of combustion heat of
natural gas on route 406 (Ivano-Frankivsk region), which was selected by random method. It
was found that the relative error in calculating the combustion heat of natural gas on this route
does not exceed plus 1, minus 3%, which is proportional to the accuracy of measuring the
volume of natural gas by household gas meters.

Hence, the developed mathematical predictive model accurately describes the change in
the combustion heat of natural gas and can be used as a basis for calculating this gas parameter
in the absence of measured data.
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BU3HAYEHHS TEIVIOTH 3IOPAHHSA TIPUPO/THOI'O I'A3Y
METO/J1OM ITPOI'HO3HOT'O MOJAEJIIOBAHHSA

Ianuna Kyss!; Jleonin 3amixoBcbkmiit; Bitaaiii lyabra?; Mukoaa Kyse®

Yeano-Dpanxiscoxuii nayionanvuuti mexuivnuil ynisepcumem nagmu i 2asy,
leano-Dpanxiecvk, Ykpaina
2PI'K «léano-@pankiecvkzasy, leano-Dpanxiscok, Yrpaina
3Tpuxapnamcokuii nayionanvuuii ynieepcumem imeni Bacuna Cmepanuxa,
leano-Dpanxiecvk, Ykpaina

Pe3tome. 30iticneno awnaniz BUMIDIOBANLHUX OAHUX MENIOMU 320PAHHA NPUPOOHO20 2a3Y 8 DISHUX
pecionax Yxpainu 3a 2014-2019 pp., sxi 3Haxoosmvca y giokpumomy oocmyni. 3 2020 poxy maxi Oawi He
onpuntoOHwowmuca. Lle 3ymoenioe HeobOXIOHICMb GUKOPUCMAHHA PO3PAXYHKOBUX Memo0i8 GUSHAYEHHS yici
@izuunol eruyuny 0151 HACMYNHUX POKI8 Y pisHux pecionax Yxpainu. /losedeno, wo enpooosac 20182019 pp.
cnocmepizanacs meHOeHyis cmabiibHOCMI NOKA3HUKIE KAIOPIIHOCMI NPUPOOHO20 2a3y, d KOJIUBAHHS 3HAYEHb
meniomuy 320pAHHS Manu Menuty amnninmyoy (s mexcax 9,31-9,80 xBm-200/m°), poskuod smavemv meniomu
320pamHHs 3Menuuscs Maiiice 606iui: 3 0,88 0o 0,49 kBm-200/m° y nopisuanni 3 2014-2017 poxamu. Tomy
BUMIDIOBANIbHI OAHI MENIOMU 320PSHH NPUPOOH020 2a3y 3a nepioo 2018—2019 pp. 6yau é3ami 3a ocHogy Ois
NPOSHO3HO20 MOOENIOBAHHSA Yi€l Qi3uUHOI 6enUUHU.

Bcmanosneno, wo ona obinvwocmi obracmei Ykpainu MONICHA BUKOPUCOBY8AMU EOUHE CEPEeOHE
SHAYEHHS Menjiomu 320PAHHA NPUPOOHO20 2a3y OJi NOOANbUIO20 BUSHAUEHHA eHepeii Yb02o eHep2OHOCIA.
Bunamkom € Joueyvka, leano-@panxiecvka, Jlyeancoka ma Yepuigeyvka obnacmi, 8 AKUX BUMIPIOBATbHI OaHI
MEeNnIomuy 320PSAHHA NPUPOOHO20 2a3Y 3 OOCMAMHBLOI0 MOYHICIIO ONUCYIOMbCS MPUSOHOMEMPUUHOIO (QYHKYIEW
Kocunyca. Memooom npocHo3H020 MOOeN08AHHs pO3POOIEHO MAMEMAMUYHY MOOeb OJisl GUSHAUEHHS Meniomu
320pSAHHA NPUPOOHO20 2a3y OISl NEGHO20 KANEHOAPHO20 Micsiys poKy 8 Ykpaiui. Adexsamuicme pospobOienol
MoOeNi nepesipeHo Ha NPUKIAOl GUMIPIOBATLHUX OAHUX TMENIOMU 320PAHHA NPUPOoOHo20 2a3y Ha 400 mapwupymi
(lsano-Dpankiecoka obaacmy). Bcmanosneno, wo 6ionocha noxudbka O0OUUCAEHHS MENIOMU 320PAHHS
NpUpoOHO20 2a3y HA OAHOMY Mapuipymi He nepesuwiye naoc 1, minyc 3%, wo cnieposmipHo 3 mounicmio
BUMIPIOBANHSL 00 '€MY NPUPOOHO20 2a3Y NOOYMOBUMU TTUUTLHUKAMU 2a3Y (00 €M 2a3y ma 1i020 menioma 320psHHs
€ napamempamu Ojist BUSHAYEH s eHepeii npupoonozo 2azy). Takum uunom po3poodaena npoeHO3HA MaAMeMamuyta
MoO0enb 3 00CAMHbOI0 MOYHICMIO ONUCYE 3MIHY MENJ0MU 320PAHHA NPUPOOHO20 2A3Y | MOACE CIYHCUMU OCHOBOIO
OJ1A PO3PAXYHKI8 Yb020 napamempa 2asy y 6UnaoKy 8i0CYmHOCmi UMIPIOBATLHUX OAHUX.

Knruosi cnosa: npupoonuil 2as, menioma 320panHs, NPOSHO3HA MAMEMAMUYHA MOOeb.
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