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Abstract

In modern conditions, the issue of the quality of natural gas, including the development of gas energy measuring
instruments, is becoming increasingly relevant. The Law of Ukraine “On the natural gas market” establishes the need for
instrumental metering of natural gas “in order to obtain and register reliable information about the volumes and quality of
natural gas during its transportation, distribution, supply, storage and consumption”.

In accordance with the “Rules of natural gas supply” in force in Ukraine, settlements with consumers for natural gas
should be carried out in cubic meters, reduced to standard conditions and expressed in energy units. However, this contra-
dicts the requirement of the “Technical Regulations on measuring instruments”, which state that settlements with consumers
should be based on the results of measuring gas volumes read from the indicating device. However, the indicating devices

of gas meters that are operated in Ukraine reflect the measured volumes of gas in cubic meters.
Currently, the requirements of the above regulatory documents are partially implemented, in particular, in full-scale
industry and partly in the municipal sphere, the readings of measuring the volume of gas by the meters are being adjusted

depending on the temperature and pressure of the gas.

The purpose of this work is to assess the regulatory requirements and technical possibilities of introducing natural gas

metering in energy units in Ukraine.

It is proposed to use energy conversion devices to determine the energy of natural gas. A methodology has been de-
veloped for measuring natural gas energy by indirect methods based on measurements of the consumed gas volumes, air
temperature around the gas meter and the results of measuring the calorific value of gas. The assessment of the metrological

characteristics of the indirect measurement of natural gas energy has been carried out.
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Introduction

The issue of the quality of natural gas is closely
related to its energy performance. Currently, gas me-
tering is carried out in cubic meters and, more than
ever, the issue of developing gas energy measuring in-
struments is urgent. The current regulatory documents
regulate the need to introduce natural gas metering
in energy units in Ukraine [1]. The Law of Ukraine
“On the natural gas market” [2] establishes the need
for metering natural gas “in order to obtain and re-
gister reliable information on the volume and quality
of natural gas during its transportation, distribution,
supply, storage and consumption”.
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In accordance with the current in Ukraine “Rules
of natural gas supply” [3], settlement with consum-
ers for natural gas must be carried out in cubic me-
ters, reduced to standard conditions and expressed
in energy units. However, this is contradicted by
the requirement of the “Technical Regulations on
measuring instruments” [4], which states that settle-
ments with consumers should be carried out on the
basis of the results of measuring gas volumes read
from the indicating device. As it is known, indi-
cating devices of gas meters, which are operated in
Ukraine, reflect the measured volumes of gas in cubic
meters.
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The purpose of this work is to assess the regu-
latory requirements and technical possibilities of
introducing natural gas metering in energy units
in Ukraine.

Methods and technical means for determining the energy
of natural gas

Before natural gas is supplied to end users, the
gas volume and its physical and chemical parameters
are measured at the gas flow measurement points, the
components of which are:

+ gas volume meters;

* gas volume calculators.

The volume of energy of natural gas passing
through a commercial gas metering unit (GMU),
which is located on a route that is equipped with flow
metering devices (FMD) for determining the physical
and chemical parameters (FCP) of gas, according to
[5], can be determined:

* in automatic mode using correctors or gas vo-
lume calculators with the function of calculating the
energy of natural gas, which receive data directly from
the streaming FMDs for determining the FCP of gas;

* in semi-automatic mode using specialized pro-
grams based on average values of the calorific value
per hour from streaming FMDs for determining the
FCP of gas and gas volume per hour from gas volume
correctors / calculators.

The amount of energy of natural gas passing
through commercial GMU, which is located on the
route where the determination of FCP gas is carried
out using measuring chemical analytical laboratories,
according to [5], can be determined:

* in a semi-automatic mode using correctors or
gas volume calculators with the function of calculating
the energy of natural gas based on the value of the
gross calorific value, which is entered in the calculator
/ corrector using specialized programs as a conditio-
nally constant parameter, and the gas volume for the
calculation period;

* in semiautomatic mode using specialized pro-
grams based on the value of the gross calorific value,
equal to the last determined value of the gross calorific
value and gas volume per hour from gas volume cor-
rectors / calculators.

In the public utilities sector, gas volume correc-
tors and calculators have not found application due
to their long payback period. Only partially household
gas meters are equipped with gas temperature correc-
tion devices. Therefore, the use of existing measuring
instruments, without their modernization, makes it
impossible to carry out gas metering (in the domestic
sphere) in energy units.

Technical regulations [4] allow for gas metering to
use volume conversion devices. It is the replenishment
of gas meters with devices for converting the measured
volume of natural gas into energy that can be a way
out of the situation.

The operation algorithm of such devices is as fol-
lows.

Total energy value E, according to [6], calculate
by time interval ¢ by the following formula:

E =E +AE, (1)

where E, | — total value of energy over time interval, 7.

Determination of energy gain AE, , according to
[6], is carried out by summing up the untranslated
volume V:

k
AE, =K (H,), YV, @
i=1
where
T, P
K="—,
TP (3)

where K — a constant typical for the conversion factor,
which is used to convert the sum of the volume gain V,
under measurement conditions up to volumetric gain
under standard conditions; 7, P — measured values of
temperature and pressure of natural gas; 7, — natural
gas temperature value at standard conditions, which
is equal to 273.15 K or 288.15 K, depending on the
individual characteristics and the place of installation of
the gas meter (outdoors or indoors); P, =101325 Pa —
natural gas pressure value at standard conditions;
(H,),— value of the calorific value of gas for the
summation period .

An alternative method for determining the
volumes of natural gas counted by the meters, taking
into account the specific differences in gas volumes,
is given in [7].

The value of the calorific value is given monthly
by gas supplying organizations in payment documents
for each consumer of natural gas. It is not economically
feasible to measure gas pressure, since pressure measuring
instruments are several times more expensive than gas
meters and have a significant payback period. In [8]
the calculation method for determining the pressure
of natural gas is given, which is taken into account
in the domestic sphere. Gas pressure components are
atmospheric (barometric) and overpressure:

P=P +PB, “4)
where

P =101578-11.532h, (5)

where & — the geographical height of the measurement
point (settlement) above sea level, given in [8];
P,=3000 Pa — overpressure of gas for domestic gas
pipelines, in accordance with [9].

Taking this into account, formula (5) will be
written in the following form:

P =101578-11.532h+3000 = 104578 —11.532h. (6)
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Another measuring parameter in formula (3) is gas
temperature. Retrofitting the conversion device with a
temperature sensor requires an additional tie-in into
the gas pipeline, which is costly and explosive. There
are two ways to deal with this situation. The first is the
use of gas meters with thermal compensation devices,
the second is the use of a thermal compensator [10],
the installation of which does not require a tie-in into
the gas pipeline. Then the gas temperature 7 will be
equal to the air temperature around the meter 7,,.:

T=T,. (7)

Taking into account formulas (6) and (7), formula
(3) will be written in the following form:

T, 104578 —11.532h
T, 101325

. ()
:—”(1.0321—1.13812~10’4h),
THC

and formula (2) takes the form:

E =F

t -1

k
+Ti-(1.0321—1.13812-10‘4h)-(H5)t~ZVI.. )
i=1

HC ¥

Equation (9) makes it possible to determine the
energy of natural gas based on the data on the calorific
value of gas, the geographical altitude of the measuring
point above sea level and the readings of the gas meter
without the need for additional measurements of gas
temperature and pressure.

Metrological analysis of natural gas energy determination
A unit increase in energy, based on equation (9),
is:

t

T
E =—"~(1.0321—1.13812-10’4h)'HS V. (10
THC

Let us estimate the error in determining the
energy of natural gas by the formula (10). Since the
measurements are indirect, then in accordance with
the requirements of [11], we have to determine the
root mean square deviation (RMS) S, of the results of
indirect measurements, which is determined as follows:

2 2 2
O OF O
S, = st oal o] s? [ ]St (1)
: 0T, ) "mc lam, ) "m \av) v

where S0 S, S, — RMS of the results of air
temperature measurements 7., heat of combustion
H_and volume of natural gas V, in accordance;

OE, ©OE, O,
oy oH, oF
derivatives of natural gas energy by variables 7T, ., H,
V, are presented as:

— influence coefficients, which are

OF T

— =~ (1.0321-113812-10 k) - H, -V, (12)
aT‘HC HC

OE T

— =2 (1.0321- 113812107 k) -V, (13)
aHs THC

E T
—t=—(1.0321-1.13812:10"h)-H,.  (14)
o T ‘

The confidence limits of the random component
of the relative error in measuring the energy of natural
gas are calculated by the formula given in [11]:

(15)

t

3, =J_rtq-§-100%,

El
where !, is the Student’s coefficient determined in
accordance with [11].

Maximum permissible error of natural gas energy
measurement §, , in accordance with [6], is: in the
case of retrofitting energy conversion devices for gas
meters of class A — £1.0%, class B — +£2.0%, class
C — +£2.5%.

The introduction of the proposed method will
allow the creation of a unified energy accounting
system [12, 13].

Conclusions

Based on the results of the assessment of regulatory
requirements and technical possibilities of introducing
natural gas metering in energy units in Ukraine, a
methodology for measuring natural gas energy by
indirect methods was developed based on measurements
of consumed gas volumes, air temperature around the
gas meter and the results of measuring the calorific
value of gas.

The subject of further scientific research will
be the development of a unified energy accounting
system, an element of which will be an energy
conversion device, and an experimental study of
the technical and metrological characteristics of this
system.
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AHoTais

Hapasi Bce akTyaJIbHIIlIMM € MUTaHHS SIKOCTi TPUPOIHOrO raszy, B TOMY YMCIi if po3poOKU 3ac00iB BUMipIOBaHb eHEpTii
rasy. Y 3akoni Ykpainu “IIpo pyHOK mpUpOTHOTo ra3dy” BCTAHOBIIOETHCS HEOOXiTHICTh MPUJIAAOBOTO OOIIKY MPUPOTHOTO
razy “3 MeTOl OTPUMAaHHS Ta PEECTpallil TOCTOBIpHOI iH(opMmallil mpo obcgaru i SKiCTh MPUPOMHOro Tazy IMiA 4Yac Horo
TPAHCIIOPTYBAHHSI, PO3IOAiILY, ITOCTaYaHHs, 30epiraHHsI Ta CIIOKMUBaHHS .

BinnosinHo no “IlpaBui mocrayaHHsI MPUPOAHOTO Tazy” PO3paxyHOK 3i CIOXMBAuYaMM 32 MPUPOJHUIA ra3 MOBUHEH
3MiACHIOBATUCS B MeTpax KyOiYHMX, MPUBEACHUX A0 CTAaHIAPTHUX YMOB i BUPaXXEHUX B €HEPreTMUYHMX OJUHMUILIX. AJe
1bOMY cyrepeuuTh “TexHiuHuil perjaMeHT 3aco0iB BUMIpIOBaJIbHOI TeXHIKM”, SIKUI CTBEPIXYE, IO PO3PAXyHKM 3i CIO-
JKMBauyaMy HEOOXiJHO 3/iiiCHIOBaTM Ha OCHOBI pe3yJIbTaTiB BUMIpIOBaHHSI 00’€MIB rasy, 34MTyBaHUX i3 MOKa3yBaJbHOIO
npuctporo. OmHAK MOKa3yBaJbHi MPUCTPOI JUMJIBHUKIB Ta3y, IO EKCIUIyaTYIOThCSd B YKpaiHi, BimoOpaxkaloTb BUMipsHi
00’eMHU razy B MeTpax KyOiuHUX.

CraHOM Ha CBOTOAHI YaCTKOBO peasli3oBaHO BUMOTHW BUIIEHABEIEHUX HOPMATUBHO-TIPABOBUX TOKYMEHTIB, 30Kpema,
MOBHOIO MipOI0 B MPOMMCIIOBOCTi i YaCTKOBO B KOMYHaJIbHO-MOOYTOBill cepi 3MiiICHIOETbCS KOPUTYBaHHS MOKa3iB BU-
MiploBaHHSI 00’€My rasy JiYMJIbHMKAMU 3aJI€KHO Bil TeMIIEpaTypH i THCKY rasy.

Mertoro pobOTH € OlliHKa HOPMAaTUBHO-MPABOBUX BUMOT Ta TEXHIYHUX MOXKJIMBOCTEH BIPOBAIKEHHS B YKpaiHi 00JiKy
MPUPOIHOIO Ta3y B OJAMHMLSIX €HEpril.

3anponoHOBAaHO /I BU3HAYEHHSI €HEeprii MPUPOJHOrO rady BUKOPUCTOBYBATU MPUCTPOI MEPETBOPEHHS eHeprii. Po3-
po06JIEeHO METOMOJIOTiI0 BUMIPIOBAHHS HEMPSIMUMM METOJaMW €HepTii MPpUPOJHOro razy Ha OCHOBI BMMIipIOBaHb CITOXUTHUX
00’eMiB razy, TemIlepaTypu MOBITPS HABKOJO JIYWIbHUKA Ta3y Ta pe3yJbTaTiB BUMIiPIOBAHHS TEIJIOTU 3TOPSHHS rasy.
3ailiCHEHO OLIIHKY METPOJIOTIYHMX XapaKTePUCTUK OIOCEPEeIKOBAHOIO BUMIpPIOBAHHS €HEprii MpUpOIHOTo Trasy.

KirouoBi ciioBa: nmpuponHuii ras; eHeprisi; MpUCTpiil MepeTBOPEHHST 00’ eMY.

Texunueckue acmeKTbl peaM3alUH Y4yeTa SHEPruu
NPUPOIHOro rasa
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AHHOTAIMS

B Hactosiee Bpemst Bce Goiee akTyaJdbHBIM SIBISIETCSI BOMPOC KayecTBa MPUPOIHOTO rasa, B TOM YMCIe U Pa3pabOTKu
Cpe/ICTB U3MepeHuil sHepruu raza. B 3akoHe Ykpaunbl “O pblHKE MPUPOJHOIO rasa” yCTaHABIMBAETCS HEOOXOOUMOCTb
NpUOOPHOro ydyera MPUPOAHOro raza “c LeJbl0 MOJYYEHMsI U PEerucTpaldy JOCTOBEpHON MHGpOpMaluuu o0 od0beMax U
KayvecTBe MPUPOIHOTO Ta3za MPU ero TPAHCIIOPTUPOBKE, PACIIpeNeIeHUN, ITOCTaBKe, XpaHEeHUN U TOTpeOJIeHUn” .
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Llenwio pa60T1>1 ABJIACTCA OLUCHKa HOPMATHBHO-IIPABOBLIX TpC6OBaHHfI U TEXHUYECKUX BO3MOXHOCTEH BHCIOPCHUA

B YKpauHe ydyeta MPUPOIHOrO rasa B €IMHUIAX SHEPIUU.

[pennoxeHo Anst onpeneseHus] SHEPTUU MPUPOAHOTO ra3a UCTIOIb30BaTh YCTPOIICTBA MTpeobpa3oBaHusl sHepruu. Paspa-
GoTaHa METOIOJIOTHSI U3MEPEeHUST KOCBEHHBIMU METOIaMU SHEPTUU MPUPOTHOTO Ta3a Ha OCHOBE M3MEPEHUIA TTOTPEOICHHBIX
00BEeMOB rasza, TeMrepaTypbl BO3IyXxa BOKPYT CUETUYMKA Tra3a U pe3yIbTaTOB M3MEPEeHUs TeTUIOThl cropaHus rasza. Ocyiect-
BJIeHAa OIleHKAa METPOJIOTUIECKUX XapaKTePUCTUK KOCBEHHOTO M3MEpPEeHUs] SHePTUM MPUPOIHOTO rasa.

KiroueBsie ciioBa: TIPUPONHBIN Ta3; SHEPTUS; YCTPONCTBO Mpeodpa3oBaHUs 00beMa.
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