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Abstract

By virtue of geographical and historic factors, Ukraine has been playing an important role in oil and natural gas delive-
ries to European energy markets. Such status is basically attributed to the fact that West and Central European countries,
while being rather big consumers of natural hydrocarbons, have shortage in their own energy resources.

On the other hand, major natural gas and oil reserves are concentrated in the Russian Federation, Caspian region and
the Gulf area. Currently Ukraine has become a major juncture in the transit of gas and oil from Russia and Kazakhstan
to European markets. The expected increase in consumption of natural hydrocarbon resources, as well as their uneven
distribution make Ukraine, owing to its suitable geographical location and the developed gas and oil network, an “energy
bridge” between the exporting countries and consumers in the industrialized Europe.

In the article the author considers the modern gas supply system of Ukraine. The author carried out a study on the
technical feasibility of calibration of flow meters on the environment of natural gas under pressure. Currently in Ukraine
calibration is performed only in the air. This does not make it possible to reduce the error in the instrumentation of
natural gas. Given the volume of natural gas consumption in the country (about 20 billion m?/year), this leads to huge
non-production losses, negative impact on economic performance and inflated cost for end users. The European expe-
rience was analyzed: PTB, DNV, PIGSAR, SICK, INOTECH. Modernization of the gas industry of Ukraine is proposed.
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1. Introduction

The existing system of measuring the quantity and
quality of natural gas in Ukraine does not meet modern
requirements of international standards ISO, EN,
recommendations of the International Organization
of Legal Metrology (OIML) and Common Business
Practices (CBPs) of the European Association for the
Streamlining of Energy Exchange (EASEE — gas)
for natural gas metering. In order to implement the
requirements of international standards for measuring
volumes and determining the quality of natural gas
produced, transported and sold in Ukraine, the company
NIJSC “Naftogaz of Ukraine” with the financial support
of the European Commission (Program TACIS-
INOGATE 98/99.03 “Financing small investments in
regional oil and gas infrastructure in Ukraine, Belarus
and Moldova”) established the Metrology Center
(hereinafter — MC) (international name — Eastern
European Regional Center for Metrology of Natural
Gas, Oil and Petroleum Products) in Boyarka in 2001.

As of now, a powerful laboratory complex of the
Branch “Center of Metrology and Gas Distribution
Systems” (hereinafter — CMGS) has been created,
equipped with laboratory and reference equipment
of the world’s leading manufacturers. Its purpose is
the systematic and regular testing and calibration of
means of accounting and measurement of natural gas
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parameters used in the oil and gas industry of Ukraine,
with the maximum coverage of their number and range.
The MC includes laboratories of flow, pressure,
temperature, humidity, density and physicochemical
composition of natural gas, which are equipped with
unique equipment and can provide a wide range of
metrological services for oil and gas companies of
Ukraine, this will ensure international cooperation in
establishing a unified gas metering system; this will
help reduce the level of error in measuring natural
gas volumes in instrument metering, there will be a
real implementation of European and international
standards in the national oil and gas industry, etc. The
main competitive advantage of MC is the ability to
calibrate gas meters in conditions as close as possible
to real operating conditions at different pressures and
costs using natural gas as a working medium [1-3].

2. Research of the European experience of solving the
problems of natural gas metering

The historical experience of solving the problem of
systemic imbalance of natural gas in its measurement
and calibration of its measuring instruments can be
illustrated by the example of the Dutch gas transmission
system. GTS consists of 12.000 km pipelines, yearly
volume: 100 billion (1011) m?. Monthly check on total
system: entry stations: 27, delivery stations (physical):

Ykpaiucokuii memponoeiunuii ucyprnan, 2021, Ne 2, 45-49 45



Reliable instrumental metering of natural gas is the key to Ukraine’s energy independence

TJ*1000
]
&
o

month

2005-2006 GTS MONTHLY GAS BALANCE

£ PP L HPL S EP
GO RIS

PP H P PP
-e“@,’} geqs)&"&"‘p@

-
—s—TJ*1000
IMB(%)

IMB(%)

Fig. 1. 2005-2006 GTS monthly gas balance in the Netherlands

1100 (350 Industry + 750 domestic), export stations:
16, UGS stations including LNG: 5, compressor
stations: 9, Linepack (calculated in state-estimation
system at Central Command Post).

Historical records of reconciliation in the
Netherlands records start in 90’s (large imbalance
position, mainly positive ~>1%). In the period from
1995 to 2005, the annual imbalance decreased to less
than 0.05%, and the monthly less than 0.2%. This is
shown in Fig. 1.

The input measuring stations and internal
consumption measuring points were renovated by
replacing the old flow meters with modern ultrasonic
meters. A metrological center has also been set up in
Groningham to monitor the stability of new process
meters and their primary and periodic calibrations.
Yellow highlighted: Changes of flow technology
replacing orifice towards technology (e.g. ultrasonic)
which can be calibrated and checked impacts the UFG
and improves the imbalance position of the grid owner.

Implementation of billing systems based on
capacity. Improvement in quality of data handling. Data
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scrutinized and data collection automated. Enlarging
areas for gas quality measurement (more field GCs).
More proper accounting of unaccounted gas losses
(e.g. leaks, maintenance actions and incidents).

To summarize it up, it should be emphasized that
gas calibration on high pressure gas is a key instrument
to obtain improvement or reduction of the (grid)
imbalance; reduce potential (large) financial risk; provide
traceability towards international standards. Awareness
about mismeasurement and risk of financial losses will
increase the need for calibration and recalibration. A
calibration facility and more broad a metrology institute
assures that knowledge on metering and calibration
issues is present and growing (e.g. by training) and
systematic errors can be brought close to zero.

DNV can assist on all levels (commercially,
technically, systems and organisation) to achieve the
goals in metering and calibration for Ukraine [4, 5].

Due to the rather high demand for metrological
services for calibration of natural gas meters, the queue
for these procedures at some European calibration
stands is up to six months. Taking into account
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Fig. 2. Location of existing calibration stands in Europe
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Fig. 3. Structural scheme of accounting for natural gas supply and distribution

the tendencies to increase the requirements for the
accuracy of natural gas metering and a significant
increase in the number of measuring instruments each
year, it becomes obvious that there is a certain lack
of technical capabilities for their periodic calibration.
Therefore, in Europe, existing calibration stands are
being actively modernized and new ones are being
built. As an example, in 2019, a high-pressure test
stand was built for gbig gas meters in Leer, northern
Germany. Which is the world’s first bidirectional stand
for calibrating industrial meters on natural gas under
high pressure. The calibration is carried out with
natural gas, which originates from a high-pressure
pipeline of GTG Nord GmbH and which, after the
test, is fed via a corresponding measurement into the
local gas distribution network. This is another way to

protect the environment by reducing gas emissions to
almost zero [6, 7]. Metrological centers of Europe,
where calibration of gas meters in the ring mode on
natural gas under pressure is carried out, indicating
their main technical characteristics and geographical
location (see Fig. 2).

3. Measuring infrastructure of the national gas supply
system and the way of its metrological support

Scheme of distribution of boundaries of balance
affiliation and natural gas transmission points between
operators and interconnectors in the gas supply system
of Ukraine. This scheme (see Fig. 3) gives an idea
of the minimum required number of FTAs used at
metering points in the transfer points of balance
affiliation.
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Main competitive advantages of the Metrological
Centre is the possibility calibration and verification of
gas meters on working medium — natural gas under
various pressures during the year, which meets the in-
ternational and European requirements. For the first
time in Ukraine, there will be such an opportunity to
set the market in services for calibration of gas meters
according to European requirements and to improve
the accuracy of natural gas accounting, which is an
extremely urgent requirement nowadays.

The current demand for large diameter meters
(DN 500—DN 1000) has decreased due to trends in
the hydrocarbon market, which has recently been cha-
racterized by a reduction in natural gas consumption
and transit volumes. In addition, there is no possibility
of implementing the foreseen operating modes of the
calibration rig, it is necessary to change the configu-
ration of the calibration rig to provide independent
and uninterrupted operation from the cross-country
gas pipelines. These conditions give a no-alternative
application of the loop-mode of the rig (calibration
complex on natural gas) in the closed loop [8].

Capital investments for construction of the cali-
bration rig and installation the necessary equipment
(compressor installation, gas coolers, etc.) to operate
in a closed loop.

The loop-mode will ensure the uninterrupted
operation of the rig, regardless of the cross-coun-
try gas pipelines, as well as a significant reduc-
tion in the cost of calibration services, which is the
key to the commercial attractiveness of the Met-
rological Centre for consumers in Ukraine and
abroad.

4. Conclusion

Requirements for calibration of gas meters under
conditions corresponding to the operating conditions
(on natural gas under operating pressure) are regulated
by the current standards for industrial gas meters —
DSTU EN 12261:2006, DSTU ISO 17089-1:2014. Ac-
cording to the operating instructions for gas meters,
the error in their calibration on the working medium —
air and natural gas, differs by 2 times, namely 1% and
0.5%, respectively. Thus, the maximum additional er-
ror of gas meters when calibrating in air, and not in
natural gas, is 1.0% — 0.5% = 0.5%. The real ad-
ditional measurement error will be in the range of
0.25—0.5%. Given the total annual turnover of natu-
ral gas in the national gas industry, it becomes clear
that the improvement of metering will make it pos-
sible to significantly optimize economic performance
in this area.
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AHoTaujis

3 omsny Ha reorpadiuHi Ta iCTOpUYHI MPUYMHU YKpaiHa Bifirpa€ BaxJIMBY pOJib Y 3a0€3ME€YEHHi €HEepreTUYHOro

puHKY €Bponu npupomHuM razom. IlepenyMoBOI0 TaKoro cTaHOBMIIA € TOM (akT, 1o Kpainu 3axigHoi Tta LleHTpaibHOI
€BpoIu € M0BOJI 3HAYHUMU CITOXMBAYaMU TIPUPOIHUX BYIJIEBOMAHIB, ajle BIACHUMU pecypcamMu IIUX €HEProHOCiiB BOHU
3abe3nevyeHi HeaOCTaTHbO. BomHOYac OCHOBHI 3amacu MPUPOIHOIO rasy 3ocepemkeHi B Pociiichkiit Denepariii, KpaiHax
Kacmiiicekoro periony Ta Ilepcbkoi 3atoku. Tomy YKpaiHa € BaxJIMBUM BY3JIOM TPaH3UTHMX Tiepenad razy i Hadptu 3 Pocii
Tta KazaxcraHy Ha €BpOIEeChbKUI PUHOK.

VY cTarTi aBTOPOM PO3ITISTHYTO CYyYacHY CHUCTeMY ra3ornocTadyaHHs YKpaiHu. BpaxoByioun BUMOTM YMHHOTO 3aKOHOMAB-
cTBa YKpaiHM, BCi JIUMJIIBHUKHU TMPUPOIHOrO rasy, 110 MpaloloTh Mia TuckoM Bin 0,4 MPa Ta Bulle, MaloThb MPOXOIUTHU
000B’SI3KOBY MpOLIEAYPY MOBIpKM pa3 Ha JIBa POKM. 3arajibHa KiJIbKiCTh BUTPATOMIpiB rasy, IO 3aCTOCOBYIOThCSI B Hallio-
HaJIbHIl cuCTeMi ra3ornocTayaHHsl, — JEKijbKa TUCSY. BilblIicTh i3 HUX — BUMIipIOBaJIbHI KOMIUIEKCH 3MiHHOTO Tepernamy
TUCKY (miacdparMm), siKi MpaIiolTh B 0OMEXEHOMY Hiara3oHi THUCKY. BpaxoByrouu 3MiHY pexkuMiB poOOTH MariCTpalbHUX
ra3onpoBO/IiB Ta MiJBUILEHHS BUMOT 10 TOYHOCTI BUMipIOBaHb, a TAKOX CTiMKOCTi 10 yMOB €KCILIyaTallii Ta 30epexXeHHs
3axXUCTy il MepeqaBaHHs JaHUX BUMipIOBaHb OOCSITiB MPUPOAHOTO Ta3zy Ta BIACTUBOCTE MOTOKY, CTa€ OYEBUAHUM, IO Li
BUTPATOMIpU HE BiAIMOBIAAIOTh CYyYaCHUM BUMOTaM.

ABTOpOM OyJIO TIPOBEACHO MOCTiIKEHHSI 1100 TEeXHIYHOI MOXJIMBOCTI 3iiCHEHHs KajiOpyBaHHSI BUTPATOMipiB
y CepelloBHUllll MPUPOAHOro raszy mif TuckoMm. Hapaszi B YKpaiHi KaniOpyBaHHS 3[iHCHIOEThCS JiMilie Ha MoBiTpi. Lle He mae
MOXJIMBOCTI 3MEHIIMTU MOXUOKY ITiJl yac MpuaagoBOro o0JiiKy NMPUPOJHOro rasy. A OTXe, J0JATKOBa MOXMOKa IpU KaJli-
OpyBaHHi Ha ToBiTpi MHOXUTBCS Bin 3BT mo 3BT. BpaxoByrounm oOcCST CIOXHMBAaHHSI IIPUPOIHOTO Tazy y KpaiHi (OJU3bKO
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20 mipa M Ha piK), Lie IPU3BOAUTH 0 BEJIUYE3HUX HEBUPOOHMYMX BTPAT, HETAaTUBHOIO BIUIMBY HA €KOHOMIYHI MOKA3HUKK
Ta 3aBMIIEHOI BapTOCTI JJI KiHLEBUX CITOXMBaYiB.

IIpoananizoBaHo eBpornelicbkuii mocBin mpoBinHux kommawiii: PTB, DNV, PIGSAR, SICK, INOTECH. 3ampomno-
HOBaHO MOJIEpHi3allil0 ra30Boi rajysi YKpaiHu.

KirouoBi cjioBa: eqHiCTh BUMipIOBaHb; Bajliallis; METPOJIOTiYHA MPOCTEXXYBAHICTh (ITPOCTEXKYBAHICTh); HEBU3HAYEHICTD;
IMITJIEeMeHTaLlisl.

JlocToBepHbIii MPUOOPHBI y4eT MPUPOJHOIrO ra3a — 3ajor
SHEProHe3aBUCUMOCTH YKPAaHHbI

A.E. KoBaneHko

Kueeckuli HayuoHanbHbIlU yHUBepcumem mexHono2ul u OusalHa, yn. Hemuposuyva-LaHuyeHko, 2, 01011, Kues, YkpauHa
akin@i.ua

AHHOTAIMSA

B cuny reorpacduyecKnx ¥ MCTOPUYECKMX IPUYMH YKparHa WUIPacT BaXKHYIO POJb B OOECIIEYEHMM DHEPIETUYECKOIO
pbiHKa EBpornbl npupoaHbiM razoM. [TpuynMHON Takoro mojoxeHus: siBjseTcst TOT (akT, 4To cTpaHbl 3anagHoil u LleH-
TpajabHO# EBPOITBI — 3TO JOBOJIBHO 3HAYMTEIbHBIE TIOTPEOUTEN IPUPOIHBIX YIIIEBOIOPOIOB, HO COOCTBEHHBIMU pecypcamMu
9TUX IHEProHocUTesell OHU ObecIeYeHbl HeJOCTaTOuHO. B TO BpeMsi OCHOBHbIE 3amachl MPUPOIHOIO ra3za CoCpeaoTOYeHbI
B Poccuiickoit ®enepanun, crpanax Kacnmiickoro pernona u Ilepcunckoro 3anusa. [Tostomy YKpauHa sIBISIETCS BaXKHBIM
y3JIOM TPaH3WUTHBIX Tepenad raza u Hedtn u3 Poccum m KaszaxcraHa Ha eBpONEHCKUil PBIHOK.

B crarbe aBTOPOM paccMOTpeHa COBpPEMEHHasl CHUCTeMa ra3ocHaOXeHHs1 YKpauHbl. BbUIO IpOBeleHO HCCIeIOBaHMe
OTHOCHUTETbHO TEXHUYECKON BO3MOXKHOCTHM OCYIIECTBICHUS KaJMOPOBKU PACXOIOMEpPOB B Cpele MPUPOIHOTO Ta3a IOl
naBieHneM. Ceituac B YKpanHe KaJlMOPOBKU OCYIIECTBIISIOTCS TOJBKO Ha BO3MyXe. DTO HE MO3BOJISIET YMEHBIIUTD IOrPEL-
HOCTh TIPU TIPUOOPHOM ydYeTe MPUPOTHOTO Ta3a. A 3HAUUT, MOTIOJHUTENbHAS MOTPEITHOCTh NP KaTUOPOBKE Ha BO3IyXe
ymHoxkaetcst or CUT k CUT. YuuteiBasg 06beM MOTpeGIeHMs IPUPOIHOro rasa B crpaHe (0kojo 20 mipa M3 B rom), 3T0
MIPUBOJIUT K OTPOMHBIM HETIPOM3BOJACTBEHHBIM ITOTEPSIM, HETATUBHO BJIMSET Ha SKOHOMWYECCKUE TOKAa3aTeJU M 3aBbIIIACT
CTOMMOCTb JIJISI KOHEYHBIX IIOTPEeOUTENeH.

ITpoananmm3upoBaH eBporneiickuii onbIT Beaymux kommanuii: PTB, DNV, PIGSAR, SICK, INOTECH. IIpemioxeHna
MOJIEpHU3AIIMsI Ta30BOM OTpaciu YKpauHBI.

KioueBbie cJ0Ba: eIMHCTBO W3MEPEHMIA; BaluIallMsl; METPOJOrMYECKasl MPOCIEKMUBAEMOCTh (ITPOCIEXMBAEMOCTD);

HCONPECACIICHHOCTh, UMIICMCHTALM.
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