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Summary. The issue of the quality of natural gas, including the development of tools and methods
for measuring the energy of gas, is still relevant.

The current «Rules for the supply of natural gas» regulate the procedure for paying consumers for
natural gas, which must be carried out in cubic meters, reduced to standard conditions and expressed in
energy units. According to the adopted regulatory documents, the 2021-2022 heating season should be the
last one when the calculation for consumed natural gas should be made according to metric indicators.
However, with the introduction of martial law in Ukraine, this period has been extended until May 1,
following the date of termination or cancellation of martial law in Ukraine.

At present, the natural gas metering system is not ready for the introduction of energy measurement
units, especially in the domestic sector. As of today, about 10 million household gas meters with mechanical
reading devices have been installed in Ukraine, most of which do not even have natural gas temperature
compensation devices. Therefore, it is technically impossible to upgrade these meters to convert them to gas
metering in energy units. Along with this, today there are also no domestic means of accounting for natural
gas in energy units.

The purpose of this work is to develop alternative approaches to the introduction of accounting for
natural gas in energy units in Ukraine.

The concept of a virtual point of commercial metering of natural gas energy is proposed,
implemented as a software application that is part of the information and communication system, which in
turn contains databases on the daily values of the natural gas combustion heat in different regions of Ukraine,
the value of the ambient air temperature and data. on the heights of settlements above sea level in which gas
is accounted for. An algorithm for the software implementation of a virtual point of commercial metering of
natural gas energy has been developed. The estimation of metrological characteristics of determination of
energy of natural gas by the offered method is carried out.
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Statement of the problem. According to the law adopted on November 2, 2021 [1],
the heating season of 2021-2022 should be the last one when the calculation for
consumed natural gas should be made according to metric indicators [2]. But, with the
introduction of martial law in Ukraine, this provision of the law [1], according
to the amendments made to it, was postponed until May 1, following the date of
termination or cancellation of martial law in Ukraine. Therefore, the procedure for
settlement with consumers for natural gas in cubic meters, reduced to standard conditions
and expressed in energy units, regulated in the Rules for the supply of natural gas [3],
remains in force.
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De facto, the Ukrainian natural gas metering system was not ready for the
introduction of energy measurement units, especially in the domestic sector. This is
due to a large number of household gas meters with mechanical reading devices,
which are installed at household consumers (according to [4], about 10 million are
now installed in Ukraine). Most of them do not even have natural gas temperature
compensation devices, which makes it impossible to bring the consumed gas volumes to the
standard conditions regulated by the regulatory document [3]. Therefore, it is technically
impossible to upgrade these meters to convert them to gas metering in energy units. Along
with this, today there are also no domestic means of accounting for natural gas in energy
units.

Analysis of recent researches. The law [1] establishes the following priority
methods for determining the volume of natural gas in units of energy:

1) «by measuring the volume of natural gas in units of energy». From the point of
view of measurement accuracy, this is the best way, but from the above it follows that now
it is impossible to implement it, in particular in everyday life, due to the lack of household
means for measuring the energy of natural gas.

2) «by converting the volume of natural gas in units of volume (cubic meters) into
the volume of natural gas in units of energy (kilowatt-hours), determined along the relevant
route in accordance with the code of the gas transmission system, the code of gas
distribution systems». This method, in fact, is now implemented. But it is clear that any
calculation method is always more subjective than the measurement one.

Law [1] establishes the following:

- «recalculation of the distribution of capacities at the points of entry into the gas
transmission system and/or at the points of exit from the gas transmission system, ordered
before May 1, following the date of termination or cancellation of martial law in Ukraine,
defined in units of volume (cubic meters), into volumes defined in units of energy, is carried
out according to a coefficient corresponding to the value of a higher calorific value and is
equal to 10.64 kWh/m3»;

- «recalculation of the volume of services for the storage (injection, withdrawal) of
natural gas is carried out according to a coefficient corresponding to the value of a higher
calorific value and is equal to 10.595 kWh/m?3y;

- «recalculation of the volumes of natural gas stored in gas storages is carried out
according to a coefficient corresponding to the value of a higher calorific value and is equal
to 10.595 kWh/m3y:

- «recalculation of the volume of services for the distribution of natural gas ...by a
coefficient corresponding to the value of a higher calorific value and is equal to 10.64
KWh/m®3y;

- «bring tariffs for services for transportation, storage (injection, withdrawal),
distribution of natural gas... applying a coefficient corresponding to the value of a higher
calorific value equal to 10.64 KWh/m?>y.

The purpose of this work is to develop alternative approaches to the introduction of
accounting for natural gas in energy units in Ukraine.

Formulation of the problem. The use of the calculation method proposed by
law [1], in particular, only two values of the gross calorific value, will affect the reliability
of determining the energy of natural gas in different regions of Ukraine and in different
calendar months of the year, since the calorific value is a variable and depends on many
factors. The paper [5] shows the range of changes in the maximum and minimum values of
the calorific value above, as well as the average value of this value in all regions of Ukraine
during the calendar year (Fig. 1).
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Figure 1. Calorific value higher than natural gas

As can be seen from fig. 1, the law [1] proposes to use the maximum and average value
of the calorific value above when recalculating.

The relative deviation of the maximum and minimum values of the calorific value of
natural gas from the average value is shown in fig. 2.
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Figure 2. Relative deviation of the maximum and minimum values of the calorific value of natural gas from
the average value

Based on the data given in fig. 2, the error of the calculation method, in the case of using
the average value of a higher calorific value (10.595 kWh/m?), will be approximately 10% to
minus 7%; in the case of using the maximum value of a higher calorific value (10.64 kWh/m?) —
up to minus 17%.
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The way out of this situation, taking into account natural gas in energy units, in
particular in everyday life, is the introduction of virtual means of commercial accounting.
Moreover, the training of specialists in the design of such tools is carried out in accordance with
the standard of higher education in the specialty «Metrology and Information and Measurement
Technology» [6], which defines as one of the special professional competencies: «The ability
to demonstrate knowledge and understanding of mathematical principles and methods,
necessary for the creation of virtual measuring instruments and information-measuring
equipmenty.

Methods of research. The law [1] declares: «The state encourages the introduction of
the latest systems, including natural gas metering hardware, including those that provide the
possibility of remote transmission of commercial metering data and enable the consumer to
actively manage their own consumptiony.

So far, virtual measuring instruments have not been used in the field of natural gas
accounting. However, their use in the field of accounting for another energy carrier —
electricity — is regulated by a regulatory document [7].

According to the Code of commercial metering of electric energy [7], «physical and
virtual points of commercial metering are used in the electric energy market». Moreover, a
virtual metering point, like a physical one, is used for settlements between participants in the
electric energy market and/or for reporting [7].

Virtual electricity metering points solve similar problems inherent in natural gas metering:
«virtual commercial metering points are created for the purpose of functioning of the electric
energy market if it is necessary to generate commercial metering data based on calculations, in
particular on the basis of measurement results from one or more measurement points» [7].

Based on the above, the concept of a virtual point of commercial accounting of natural
gas energy has been developed, which is as follows:

- virtual point of commercial accounting of natural gas energy (VPCA) is a virtual
means of measuring natural gas energy, which has its own identification code related to the data
of commercial accounting of natural gas energy used for settlements between participants in
the natural gas market and/or reporting;

- VPCA is used together with a natural gas meter, which is installed at the consumer
or is already used by the consumer to measure the volume of natural gas;

- physically, VPCA is a software application that is part of the information and
communication system, which in turn contains databases of daily values of the calorific value

of natural gas H, in different regions of Ukraine, the value of ambient air temperature T and

data on the heights of settlements above sea level h where gas is accounted for. Natural gas

energy E this application is calculated by the formula given in [8], developed on the basis of
the methodology given in [9]:

T

E=_ (L0321-113812-10*h)-H, -V, 0

where T, — standard (basic) value of natural gas temperature given in [1]. The maximum

allowable error in determining the energy of natural gas, according to [8], will be: in the case
of using VPCA and a gas meter of class A —+ 1,0 %, class B —+ 2,0 %, class C — + 2,5 %.

- VPCA in the form of a software application can be placed in the mobile phone of a
natural gas consumer, a representative of a gas supplier who reads readings from a gas meter,
as well as in a personal account of a natural gas consumer on the website of the supplier of this
energy carrier;
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- the VPCA application may contain an interface for scanning gas meter readings using
a mobile phone camera and automatically recognizing them and entering them into the
information and communication system database.

Results of the research. Algorithm for software implementation of a virtual point of
commercial accounting of natural gas energy:

The first step: reading the gas meter and recognizing it.

Model of the process of determining gas meter displays in the form of a sequence of
transformations of the meter display image, given in [10].

()
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where M, — color image model containing gas meter displays; M, — scalable image model;
M, — grayscale image model; M, — image background model; M, — image model without

background; M, — anti-aliased image model; M, — closed loop model; M, — model for

C v

determining a circle in an image; M, — model of the process of determining the rectangle on
the image; M, — model of the process of determining the image of the counter display;

M,, — gas meter display board image model; S,,...,S,, — model conversion functions.

Second step: identification of the route by which natural gas is delivered to the
physical gas metering point, by the recognized gas meter number.

The third step is to send a request and get the natural gas calorific value from the
corresponding database for the identified route.

The fourth step: sending a request and receiving a numerical value of the ambient air
temperature at the time of reading the gas meter readings for the settlement where the physical
metering point is located from the corresponding database.

Fifth step: sending a request and obtaining a numerical value of the geographical height
of the settlement above sea level, where the physical metering point is located, from the
corresponding database.

Sixth step: calculation of the energy of the consumed gas according to the formula (1).

Seventh step: transfer of data on the consumed volume and energy of natural gas from
VPCA to the appropriate database.

Eighth step: displaying natural gas energy consumption data in a software application
on a device from which VPCA is accessed.

Conclusions. The concept of a virtual point of commercial metering of natural
gas energy is proposed, implemented as a software application that is part of the
information and communication system, which in turn contains databases on the daily
values of the calorific value of natural gas in different regions of Ukraine, the value of the
ambient air temperature and data on heights of settlements above sea level in which gas is
accounted for. An algorithm for the software implementation of a virtual point of
commercial metering of natural gas energy has been developed. The estimation of
metrological characteristics of determination of energy of natural gas by the offered method
is carried out.

The subject of further scientific research will be the development of a specification of
requirements and a software application for the implementation of a virtual point of commercial
metering of natural gas energy, as well as an experimental study of the metrological
characteristics of a gas metering system.
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KOHIEMNIISA BIPTYAJIBHOI TOUKN KOMEPIHIMHOI'O OBJIIKY
EHEPTII IPUPOJHOI'O I'A3Y TA AJITOPUTM II IPOT'PAMHOI
PEAJIIBAIIIL

Birauiii Illyasral; Jeonin 3amixoscbkmii'; Mukosna Kysp?

Yeano-dpankiecoruii nayionanvruii mexuivnuil yniepcumem nagmu i 2azy,
lsano-®pankiscok, Yrpaina

2[Tpuxapnamcoruil HayionanbHuii yuieepcumem imeni Bacuna Cmeganuxa,
leano-Ppankiscok, Ykpaina

Pestome. [lumanns skocmi npupooHoeo 2azy, 6 mMOMY Hucii po3pobiieHHs 3acobié i memoois
BUMIDIOBANHSA eHepeii 2a3y 3aNUMAEMbCA U 00CT AKMYATbHUM.

Yunui «llpasuna nocmauauHs HPUPOOHO20 2d3)» peciameHmyioms npoyeoypy pPO3DAXYHKY 3i
CROJCUBAYAMU 34 NPUPOOHUN 2a3, AKUU NOGUHEH 30IUCHI8AMUCA 6 Mempax KYOIYHUX, NpuBedeHux 0o
CMAHOAPMHUX YMO8 | BUPANCEHUX 8 eHEPLeMUUHUX 0OUHUYAX. Bionogiono 0o nputiHamux HopmMamueHo-npasosux
O0okymenmis, onanosanrvhuii ceson 2021-2022 pokie mag Oymu OCMAHHIM, KOIU PO3PAXYHOK 34 CROMCUMUL
NpUpoOOHUll 2a3 Mag 30ilicHI8amucsa 3a mempuyHumu nokasHuxamu. OOHAK i3 3anposaddceHHAM 8 YKpaiwi
B0EHHO20 CMAHY Yell MepMiH NPo00sdceHo 00 1 mpasHs, w0 HACMAE 3a OAMOK NPUNUHEHHA AD0 CKACYBAHHS
B80EHHO20 cMaHy 8 YKpaini.

3apa3z npunadosa cucmema 06Ky NPUPOOHO2O 2a3y He 20M06d 00 3ANPOBAONCEHHS. eHePLeMUYHUX
00UHUYDL BUMIPIOBANL, 0COONUBO 8 KOMYHANLHO-NOOYMOEIl chepi. Cmanom Ha cbo200HT 6 YKpaiti 6CMan081eHO
npubauzno 10 Man. no6ymosux J1HUIbHUKIE 2a3y 3 MEXAHIYHUMU GiONIKOGUMU NPUCMPOIMU, Y OLILUOCTI 3 SIKUX
giocymmi Hagimv npucmpoi Komnemcayii memnepamypu npupooHozo 2azy. Tomy mexHiuHO HeMOMCIUBOI €
MOOepHI3ayisa Yyux AiYUIbHUKIE 01 NepeoOaaOHanHs iX Ha 30TlUCHeHHs 00Ky 2a3y 6 eHepeemuyHux OOUHUYSIX.
Topso 3 yum, Ha cb0200HI IOCYMHI MAKOA*C NOOYMOEGI 3acobU 0ONIKY RPUPOOHO20 2A3Y 8 OOUHUYAX eHepeii.

Memoro danoi pobomu € po3pobieHHs arbmepHamueHux nioxooie 00 3anpo8aoddicerts 8 Ykpaini 001Ky
NPUPOOHO20 2A3Y 8 eHEePeMUYHUX OOUHUYSX.

3anpononosano KoHyenyilo SIipMYanbHOI MOYKU KOMEPYIUHO20 OONIKY eHepeii npupooH02o 2aszy,
Peanizo8anol Ik npocpamMHULl 000AMOK, KUl 6X00UMb 00 CKIAOY THGOPMAYIIHO-KOMYHIKAYIUHOT cucmeMmu, wo,
8 60K uepzy, micmums 0643y OAHUX NPO WOOCHHI 3HAYEHHS MEeNnJOmu 320PAHHA NPUPOOHO20 2a3y 8 PI3HUX
pecionax Ykpainu, 3mnaueHHs memnepamypu nosimps HABKOIUUWHLO20 cCepedosuwia ma OaHi npo eucomu
HaceneHux NyYHKMI8 HAO pieHeM MOps, 8 AKuX 30ilcHIoEmbCa obnik 2asy. Po3pobneno ancopumm npozpamHoi
peanizayii  8ipmyanvHoi MOUKU KOMepYilHo2o 001Ky enepeii npupoonoco easy. 30ilicHeno OyYiHIO8aAHHS
MempONOSIYHUX XAPAKMEPUCMUK BUSHAYUEHHS eHep2ii NPUPOOHO20 2a3y 3aNnpoNnoHO8aAHUM MeMOOOM.

Kniouogi cnosa: npupoonuil eaz, enepeis, 8ipmyaibHa mouxa, KoMepyiunutl ooix.
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