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3oiticneno ananiz HOpMAMUBHUX OOKYMEHMIS, WO 6CIAHOBTIOIONb SUMO2U 00 NOKA3HUKIE AKOCMI NPUPOOHO20 2a3Y 6
kpainax €sponu. [Iposedeno docniodcens 6nausy menjiomu 320pants (Ka1opiiHOCMI) 2a3y HA YAC HA2PIGAHH, MENNIO8Y

nomyvicHicms ma Koeghiyicum Kopuchoi 0ii nanbHUKI6 2a306020 NPULAOY.

KorouoBi cii0Ba: MoKa3sHUKH AKOCTI Ta3y, TEIJIOTA 3rOPaHHs ra3y, Ta30BHi MpUIaj, B3aEM0O3aMiHIOBAaHICTh Ta3iB.

Buinoanen ananus nopmamugnvlx 0OKyMeHmos, peciamenmupyowux mpebosanus K NOKA3amenam Kavecmea npupoo-
Hoz2o 2asza 6 cmpanax Eeponvl. [Iposedenst uccaedo8anusn eauanus meniomel ccopanus (KaropuiHocmu) 2aza Ha epems
Hazpesa, meniogyio MOWHOCMb U KOIQDGuyuenm none3Ho2o 0elicmaus 20peiok 243068020 npubopa.

KioueBble cjl0Ba: IIoKa3aTeI KadecTBa ra3a, TEIIOTa CTOPAHUS ra3a, Ta30Bblil MpuOOp, B3aNMO3aMECHIEMOCTD T'a-

30B.

The analysis of regulations that establish performance requirements of natural gas quality in Europe was done. A study
was undertaken on the influence of the heat of combustion (calorific value) of gas on the time of heating, heat power and

efficiency of gas burner unit.

Key words: gas quality specifications, calorific value, gas appliances, interchangeability of gases.

HunimHs cucteMa ra3onocTadanHs, moOyaoBaHa IIe 3a CTa-
PUMH paITHCHKUMH M1 IX0/IaM U, HE TapaHTYeE TIOCTIHHOCTI 3HAYEHb
TIOKa3HUKIB IKOCTI Ta3y. Lle npu3BoauTk /10 HeeeKTUBHOTO Horo
BUKOPHCTaHHSI, 0COOJIMBO IIiJl Yac CHaIIOBaHHS Ha MaJbHUKAX 03
PperyiToBaHH 1ofia4i HEPBUHHOTO TTOBITPSL.

A BTiM, OYEBHTHO, III0 31 3rOPaHHSAM Ha Ta30BOMY yCTaTKyBaHHI
OIMHUIII 00’ EMY TIPUPOTHOTO Ta3y Pi3HOT KAJIOPIHHOCTI IIOBUHHA BU-
JIUJISATHCS pi3HA KUTBKICTH TEIUIOTH. TOMY pO3paxyHKH 3a CIIOXKHTHI
TIPUPOAHUH I'a3 HEOOXiHO ITPOBOANTH, Oa3yrOuMCh Ha BUMIpIOBaH-
HSIX KUTBKOCTI (MacH abo 00’eMy) ra3y Ta HOro TEIIOTH 3TOpaHHsL.

Ha croromni B VipaiHi 3po0iieHo Tmepiiri KpoKd 0 Iepexoay Ha
PO3paxyHKH 3a MPUPOAHIH ra3 3a BMicToM eHeprii. 3 2011 poky Ha-
opas unuHocTi JICTY ISO 15112 [1], mio periaMeHTye METOAN Ta
THOPSI0K BU3HAYEHHSI eHepril IiJ] 4ac KOMEpLIHHUX pO3paxyHKiB 3a
CrioXHUTHH Ta3. [IpoTe peanbHOro BIPOBA/DKEHHS 3a3HAYCHOTO JI0-
KyMEHTY He BiI0yBa€ThCs Yepe3 BiJICY THICTb TEXHIYHOT MOXKITMBOCTI
BUMIpIOBATH (h)aKTUYHE 3HAYCHHS TEILUIOTH 3rOpaHHs rasy Oe3moce-
PENHBO Y KiHIIEBUX CIIOKMBAYiB 200 320€3MeUnTH Horo He3MiHHICTh
TIPOTATOM 3BITHOTO TIEPIOY.

The existing gas supply system, built on the old Soviet ap-
proaches does not guarantee permanence values of gas quality.
This leads to its inefficient use, especially for the combustion of
the burner without primary air flow rate regulation.

It is obvious that the combustion of the gas equipment of the
unit of volume of natural gas with the different calorific value
leads to the different amounts of heat production. Therefore, pay-
ments for natural gas should be carried out based on measuring the
amount (weight or volume) of gas and its calorific value.

At present in Ukraine the first steps have been made to switch
to energy content of natural gas payments. Since 2011, came into
operation ISO 15112 [1], which regulates the methods and proce-
dure for determining the energy for fiscal payments for consumed
gas. However, the actual implementation of this standard has not
started due to the lack of technical capacity to measure the actual
value of the calorific value of gas directly at the end users or to
ensure the constance of its values during reporting period.

Represented work aims to examine aspects of global ap-
proaches to establish requirements for natural gas quality.
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Harmma poboTa Mae Ha MeTi pO3MIISTHYTH A€sIKi aCIIEKTH 3aCTO-
CYBaHHS CBITOBHX ITi/IXO/iB III0Z0 BCTAHOBJICHHSI BUMOT JI0 TIOKa3-
HUKIB SKOCT1 TIPHPOIHOTO Ta3y.

KpuTtepii B3aeMo3aMiHIOBaHoCTi ra3is

['a30Bi npunaay 3a CBOEIO KOHCTPYKIIEIO PO3PaXoBaHi Ha BU-
KOPUCTaHHS IIPUPOIHOTO I'a3y 3 IEBHUMH XapaKTEPUCTHKAMHU, 110
rapaHTye oro edekTuBHE Ta Oe3NeuHe CIOKUBaHHI. ToMy rasu
BBAKAIOTH B3a€MO3aMiHIOBAHUMH [2], IKIIO BOHU 3a0€3MEUYIOTh
3a7I0BiIFHY pOOOTY Ta30BUX MPIIIaIiB 63 He0OXiJHOCTI JOJaTKO-
BOTO HaJIAIITYBaHHS. ['a3-3aMiHHUK IIOBHHEH 3a0€3MeUyBaTH CTa-
OlbHE TOPIHHS 3 HE3HAYHOIO 3MIHOK MPOMYKTUBHOCTI JUIS BCIX
TUIIIB NAJILHUKIB. BrMora 3a/10Bi71bHOT poOOTH HaIbHKUKA MOJISIrae
B TOMY, 1[0 TEILIO, IO ITiJIBOAUTHCS, HE3BAXKAIOUM Ha JIesIKi Bapi-
anii ckiany rasy, MOBUHHO 3aJIMINATHCS ITOCTIHUM, a TOMyM’s —
cTabinpHUM. [ToTpiOHO 3ayBaXKUTH, IO CTAOLTBFHICT MOIYM S 1 TO-
BHOTA 3rOpaHHs € GYHKIIISIMU HE TIIbKY BIACTUBOCTEM razy, ae i
KOHCTPYKIIIT aybHUKA.

Haii6inpI JOCTOBIpHUM METOAOM OLIHKHM B3a€MO3aMiHIOBa-
HOCTI r'a3iB € BUIIPOOYBaHHs B Ta0OPATOPHUX YMOBAX I'a30BHX IIPH-
TaJiB, SIKi BUKOPHCTOBYIOTHCS B TIEBHOMY PETiOHI, Ha Ta3aX-3aMiH-
HUKAX ITICIIS IOYaTKOBOI'O HAJIAIITYBAaHHS HA €TAJIOHHOMY Tasi [3].

lomoBHUM KpUTEpIEM B3a€MO3aMiHIOBAHOCTI, KM MpUiiMa-
I0Th B YMOBaX KOHTPAKTIB YYacCHHKH €BPOIEHCHKOIO TI'a30BOTO
PMHKY, 1 BAXIIMBUM 3ac000M (MipOI0) OLIIHKM €(h)eKTUBHOCTI TOPiH-
Hs Ta3y € yncio Boboe:

_H
W—\/E’ (1)

ne H — teruiora 3ropaHHsi Ta3y, d — BiJHOCHA I'YCTHHA rasy.

3i 301s1bIICHHSM Yrcia BoOOe MIBUAKICTD HATXOMKCHHS CHEP-
Tii 10 mambHUKA 3pOCTaE 10 TUX Mip, JOKH nciio Boo0e He mocsr-
HE 3HAUCHHS, 32 SIKOTO KWCCHB TOBITPS HE BCTUTATUME TTOBHICTIO
IIpopearyBaTH 3 ra30M, TOOTO TOUKH, 32 SIKOT TOYNHAETHCS HETIOBHE
3ropanHs (YyTBOpeHHsS MOHOOKHCY ByTiemto (CO) abo caxi).

3i 3MeHIIICHHIM Yrcia BoOOe MBUAKICTh HAAXOMKEHHS CHEp-
Tii IO MaJTbHUKA YIOBUTLHIOETHCS. TOMY 32 HU3bKUX 3HAYCHB YHCIIA
Bo00e nmesiki mpuitazy, 30KkpeMa IpOTOYHI BOOHArpiBadyi, He Ipa-
IIOFOTH HA HOMIHAJBHIN TIOTYKHOCTI, OCKLITBKH KUTBKOCTI ITiIBe/e-
HOTO TeIlIa HeAOCTAaTHBO, 00 HATPITH BiANOBIAHY KITBKICTD BOIH.
Takox Tipy HU3BKUX 3HAYEHHAX 4rciia Bo60e Bi0yBaeThes BipHB
IOy M S1.

MopeJti oniHKH B32€M03aMiHIOBAHOCTI ra3iB

Ha npakTuiii B3a€M03aMiHIOBaHICTh IMAJHBHUX Ta3iB OIHIO-
€THCS 3 BUKOPHUCTAHHSM PI3HUX KPUTEPIiiB Ta eMITIPUIHUX MOJIe-
JIeH, sIKi IPOTHO3YIOTh €(eKTUBHICTD 3TOPAHHS.

Mogaeun [laTtToHa (BesukodopuTaHis)

VY BenukoOpuTaHil TEXHIUHI BUMOTH /10 MOKA3HHKIB SIKOCTI
MIPUPOIHOTO Ta3y (TaONHUIs) PErIAMEHTYHOTHCS MPABUJIAMH ra30-
Boi Oe3meku — Gas Safety (Management) Regulations [4], sixi BcTa-
HOBITIOIOTh OOMEKEHHS IONI0 3HAYCHb MapaMeTpiB Tasy, KOTpUit
HAIIXOAUTH J0 PO3MOIiTEHOI MEpeKi, Ta BUMOTaMH KOMEPIiHHUX
KOHTPAKTiB Ha TOCTAYaHHS rasy.

BuMoru 3a3HaueHWX NpaBHi CIPSIMOBaHI Ha 3a0e3nedeHHs
0Ee3MEeYHOr0 TPAHCIIOPTYBAHHS ra3y Ta HOro BHUKOPHCTAHHSI IIO-
OyTOBUMH Ta30BUMH TpuiaanaMu. L[i BUMOTH TPYHTYIOThCS Ha
Moneni, po3pobineHiit bpaitanom JlartoHom st British Gas. Mo-
nenb Jlartona (puc. 1) 3BOOUTHCA 10 TIPUBENCHHS CKIAAY Ta3y y
BiZITIOBIIHICTB JI0 CKJIAY €KBiBaJEHTHOI YOTHPHOXKOMITIOHEHTHOT

The interchangeability criteria of gases

Gas appliances in their construction are designed to use natu-
ral gas with certain characteristics that guarantee efficient and safe
use. Thus, gases are considered as interchangeable [2] if they pro-
vide satisfactory operation of gas appliances without the need for
additional configuration. Replacement gas should provide stable
combustion with little change in performance for all types of burn-
ers. The requirement of satisfactory operation of the burner is that
despite some variation of gas composition, supplied heat must re-
main constant, and the flame - stable. It should be noted that the
stability of the flame and combustion efficiency are functions of
not only the properties of the gas, but the design of the burner as
well.

The most reliable method of assessing the interchangeability
of gases is testing gas appliances which are used in a particular
region in laboratory conditions on gas appliances after the initial
setup on the reference gas [3].

The main criterion of interchangeability, which is taken in
terms of the contract by members of the European gas market and
is an important mean (degree) of efficiency estimate of the gas
combustion — is Wobbe index:

_H
=1L, ()

where H — calorific value of the gas, d - relative density.

As the Wobbe index increases, the rate of energy delivery to
the burner increases until the point at which there is insufficient
time for oxygen to combine with the gas, at which point incom-
plete combustion occurs (formation of carbon monoxide (CO) or
carbon particles (soot)).

As the Wobbe index decreases, the rate of heat delivery to the
burner falls. Therefore, at low Wobbe index values, certain appli-
ances, such as instantaneous water heaters fail to perform because
the heat delivery is never sufficient to heat the water. Flame lift
occurs at even lower Wobbe Index.

Gas interchangeabi-lity models

Gas interchangeability is assessed using various criteria
and empirical models that predict combustion performance.

Dutton model (United Kingdom)

Current UK natural gas quality technical requirements
(Table) regulated by gas safety regulations — Gas Safety (Ma-
nagement) Regulations (GS(M)R) [4], which set limits on the
values of the gas parameters supplied to the distribution net-
work and gas supply commercial contracts requirements.

The requirements of mentioned rules are aimed to ensure
the safe gas transportation and its use by domestic gas appli-
ances. These requirements are based on a model created by
Brian Dutton for British Gas. The Dutton model (Fig. 1) re-
duces the gas composition in accordance with the equivalent
quaternary mixture — a mixture of methane, propane, hydro-
gen and nitrogen with the same characteristics as a real gas.
Equivalent mixture is calculated as follows:

» Hydrocarbons, except methane and propane, expressed
as an equivalent amount of methane and propane, which have
the same ideal volume and the same average number of carbon
atoms per molecule, as in that of hydrocarbons;

* Inert gases, including nitrogen, expressed in equivalent
amounts of nitrogen, which when mixed with all non-inert gas
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Tabnuys/ Table
MopiBHAHHA Noka3HUKiB sikocTi rasy/ Comparison of Gas Quality Specifications
MokasHuk/Parameter HopBse3bkuii ras/ Norwegian GS(M)R NTS* IUK**
Buuja Tennota 3ropanHa, MIx/m*/ _ _ _ _
Gross CV, MJ/m? 38,1-43,7 36,9-42,3 38,9-44,6
Yucno Bob6e, MOx/m3/
Wobbe Index, MJ/m? 48,3-52,8 47,2-51,41 48,14-51,41 48,23-51,17
BmicT KnucHio/ Oxygen 0,1 monb % /0,1 mol % 0,2 monb %/0,2 mol % 10 ppm 10 ppm

Bmict gBookcnay Byrneuto / CO,

2,5 monb %/ 2,5 mol %

2 Monb %/2 mol %

2 Mosib %/2 mol %

Temnepatypa rasy /Delivery Temp.

between 1 and 38 °C

BmicT cipkosogHto / H,S 5 mr/m® /5 mg/m? <5 mr/m*/<5 mg/m? max 3,3 ppm max 3 ppm
3aranbHuin BMicT cipku/Total sulphur 15 ppm <50 mr/m*/ <50mg/m? 15 ppm 15 ppm
- -18 °C npwu TncKy 69 aTm/ B -10 °C npu Tncky nopauyi/-10 °C | -10°C npu TUCKY 69 atm
Touka pocy Bonoru/Water dewpoint -18 °C at 69 barg at delivery pressure /-10 °C at 69barg
Touka pocu ByrneBopHis/ -10 °C npu Tncky 50 atm/ B -2°C npu TnUcKy 75 atm/ -2°C npun TUCKY 69 aTm /
Hydrocarbon dewpoint -10° Cat any pressure above 50 barg -2°Cat 75 barg -2°C at 69 barg
Bmict BogHio/Hydrogen - 0,1 monb %/0,1 mol % 0,1 monb %/0,1 mol % -
Mmix 1i38°C/ MiX 2i38°C/

between 2 and 38 °C

MakTOp HenoBHOro 3ropaHHs/ICF

meHuwe Big 0,48/
less than 0,48

meHwe Bia 0,48/ less than 0,48

IHAeKkc caxoyTBOpeHHA/Soot Index -

MeHwe Bifg 0,60/
less than 0,60

meHLwwe Bia 0,60/ less than 0,60 -

BmicT iHepTHIMX rasis/ Inerts -

He 6inblue 7 monb % /

not more than 7 mol %

BmicT asoTy/Nitrogen -

He 6inblue 5 monb % /
not more than 5 mol %

MpumiTtka.
Mpoyepku B TabnuLyi BKasyloTb Ha BiACY THICTb HOPMYBaHHSA LibOro NOKa3HMKa.

3HaueHHA TENOTYN 3ropaHHA Ta uncna Bob6e 3a cTaHAaPTHNUX YMOB CnantoBaHHA Ta BUMiploBaHHsA t,/°C=15, t,/°C=15, p/kMa=101,325.
*NTS - HayioHaneHa cucmema mazicmpansHux 2a3onpoeodis; **IUK — lHmepkoHekmop tOHatimed KiHedom.

Note: The dashes in the table indicate the absence of normalization of the parameter.

The calorific value and Wobbe index at standard combustion and measuring conditions: t,/°C=15,t,/°C=15, p/kPa=101,325.

*NTS (National Transmission System); **IUK (Interconnector United Kingdom).

CyMilIi — CyMillli MeTaHy, TPONaHy BOAHIO 1 a30TY 3 TAKMMH X Xa-
paKTepHCTHKaMU, K 1 peaybHuii ra3. EkBiBaJeHTHY cyMminn po3-
PaxoBYyeMO Tak:

* BYTJICBO/IHI, 32 BUHSITKOM METaHY i MPOMaHy, BUpakeHi Y BU-
DU €KBIBAJICHTHOI KIJIBKOCTI METaHy 1 POIaHy, SiKi MaroTh TOH
caMUi i1eaJIbHUI 00’€M 1 Take 3K CepeHE YHCIIO aTOMIB BYTJIELIIO B
MOJIEKYTI, 110 1 Y 3a3HaU€HHX BYTJICBOAHSX;

* iHEpTHI ra3u, y TOMY YHCII a30T, BUPaXKCHI B eKBIiBaJICHTHIH
KIJTBKOCTI 30Ty, SIKUH IIiJ] 9ac 3MIITyBaHHSA 3 yciMa HeiHEPTHUMH
KOMIIOHEHTaMH Ta3y jae yrciio Boobe, piBHe yncmy BoOoe peas-
HOT'O rasy.

PiBHSHHS U1 BU3HAUCHHS 1HJCKCY cakoyTBOpeHHS (Sl), pak-
topa HernoHoro 3ropaHHs (ICF), inpexcy BigpuBy momym’st (LI)
OyJIM OTPUMaHi LUIIXOM €KCIICPHMEHTAIBHUX JIOCHIIKEHb, BUKO-
HaHMX Ha ra30BUX MPHIIAJAX:

C1=0,896 - tan *.(0,0255-C,H,—0,0233'N,+0,617),  (2)
ICF= (W —50,3+0,03- PN)/1,56, A3)
L1=3,25-2,41-tan"* {0,122-(W,—36,8 -0,0119-PN)}*,  (4)

ne W, — Bume uncio Bo66e; PN — cyma BiICOTKIB IIPOTaHy i a30Ty
B €KBIBAJICHTHIN CyMIIIi.

la3u BBaXKAIOTHCS TPUAHATHUME (B3a€MO3aMiHHHUMH), SKIIO
3HAYCHHS 1X XapaKTePUCTUK 3HAXOMATHCS y MEXKax JiarpaMu Ipo-
rHO3yBaHHs J[aTToHa.

Texniuni npasuaa G 260 (Himeyunna)

YV HiMmeuunHi BUMOTH JI0 TIOKa3HHKIB SIKOCTi Ta3y, M0 Moja-

components give Wobbe index equal to the Wobbe index of
the real gas.

The equations for soot index (SI), incomplete combustion
factor (ICF) and lift index (LI) were obtained by experimental
studies carried out on gas appliances:

C1=0.896- tan *(0.0255- C,H, ~0.0233'N,+0.617), )
ICF = (W, —50.3+0.03- PN)/1.56, A3)
LI=3.25-2.41-tan"*- {0.122-(W,~36.8 -0.0119-PN)}*, (4)

where W,— means the Wobbe number;

PN — means the sum of the percentages by volume of propane
and nitrogen in the equivalent mixture.

Acceptable gas mixtures (interchangeable) are those which lie
within the bounds of the Dutton prediction diagram.

Technical regulations G 260 (Germany)

In Germany, specifications of gas quality that is being sup-
plied to the distribution network established by technical re-
quirements G260 [5].

Technical regulations set the allowed range of calorific
value and Wobbe index for gasses of groups L and H with re-
gard to restrictions on the relative density of the gas. Gases are
considered interchangeable, if the values of their characteristics
do not exceed the established limits.

European approaches to the gas delivery and consumption

For European gas networks identified two main catego-
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€TBCS B PO3IOIIUIBHY Me-
PeXY, BCTAaHOBIIOIOTHCS
TeXHIYHUMHU nipaBunamu G
260 [5].

TexHiuHi npaBwiia BU-
3HA4YalOTh JONYCTUMUM
Jliama3oH 3Ha4YeHb (puc. 2)
TEIUIOTH 3TOPaHHS Ta YHCIA
Bo66e s razy rpymn L ta H
3 ypaxyBaHHSIM OOMEXeHb
IO BIJIHOCHIHM T'YCTHHI ra3y.
l'a3u BBaXkarOThCA B3a€EMO-
3aMIHHUMH, SIKIIO 3HAYCH-
H iX XapaKTepUCTHUK HE
BUXOIATh 32 BCTaHOBJICHI
TpaHUYHI MEXI.

€BponeiicbKi mig-
XOTH 10 MOCTAYAHHS Ta

Puc. 1. liarpama nporHo3yBaHHA [laTToHa
Figure 1. Dutton prediction diagram

ries of gas, characterized
by low and high calorific
value — groups L and H of
the second family gases
[3]. If the gas of group H
is common throughout
Europe, the gas of group
L is distributed only in
four countries: the Neth-
erlands, France, Belgium
and part of Germany. In
these countries gases of
groups L and H are trans-
ported in individual net-
works. In France, Belgium
and Germany group L gas
network is a regional net-
work. In the Netherlands,

CIIOKUBAHHA ra3y

a network of gas L serves

JAns eBpomeichbKuX
ra3oBUX MEpeX BHKO-
PUCTOBYIOTH JBi OCHOBHI
KaTeropii rasy, skl xapak-
TEepU3YyIOThCS HHU3BKOIO
Ta BHCOKOIO TETJIOTOIO
3ropaHHs — Tpynu L Ta
H npyroro cimeiicTBa ra-
3iB [3]. Akmo ra3 rpymnu
H € 3aranpHuM ans Beiel
€Bpony, To ra3 rpynu L
PO3IONITSAETECS JUIIE B
JOTHPHOX KpaiHax: Hinep-
nauau, @panuis, bexprisa
1 vactkoBo HimeuunHa.
V¥ nux kpaiHax rasu rpyn
L ta H TpaHCHIOPTYIOTh
[0 OKpEeMHX Mepexax. Y
@panmii, bensrii ta Hi-
MEYUYHHI Mepexka rasy

Puc. 2. BnactmsocTi rasis 3rigHo 3 G260 (25°C/0°C)
Figure 2. Specification of Gas Quality according to G260 (25°C/0°C)

domestic, commercial and
small industrial consum-
ers, whereas group H gas
is distributed for large in-
dustrial customers.
European countries
have adopted different ap-
proaches to guarantee the
constant supply and effi-
cient use of gas. Belgium
and France have invested
in the manufacture of flex-
ible burners, therefore, gas
appliances can operate at
a wide range of Wobbe
index. Other countries
such as the Netherlands
and Germany opted for
the allocation of certain
territories to which gas is

rpynu L € perioHajabHOIO.
VY Higepnanmax mepexa rasy rpymu L 00cayropye mo0yTOBHX,
KOMEPILIHHUX 1 HEBEIIMKUX MPOMHUCIIOBUX CIHOXHBAYIB, TOMII K
ra3 rpynu H po3nomiiI€ThCS MiXK BEIHUKUMHU MPOMHUCIOBUMHU
KITI€HTaMH.

€BporeliChbKi KpaiHH 3aCTOCOBYIOTH Pi3Hi ITiAXOIH 10 3a0e31e-
YEHHS TaPaHTOBAHOTO TIOCTAYaHHs Ta epEKTUBHOTO CIOXKHMBaHHS
razy. bexnbris Ta @paHiist iHBECTYBaJIM Y BUTOTOBJICHHS THYYKHX
MAJILHUKIB, 8 OTXKE, Ta30B1 MPUJIAJX MOXKYTh IPAIFOBATH 32 OLITBIIT
IIMPOKOTO Jiana3oHy 3MiHH yucia Boo6e. [Hmni kpainu, 30kpema
Hinepmannu ta HiMeuunHa, 3ynuHMIN CBili BUOIp HA BHIIICHHI
OKpEeMHUX TEPUTOPiH, Ha AKi MPUPOTHUI Ta3 MOCTABIETHCS 3 TI0-
CTIHHUMH 3HAYEHHSMH KaJIOpiiHOCTI. 1[pOro J0CATaroTh MUISIXOM
3MIITyBaHHS Ta3iB Pi3HOI KaJOPIHHOCTI, TOBOMAYH i1 10 HEOOXi-
HOro 3HaueHHs. Lleil noriyHuid miaXis MOSICHIOETHCS THUM, IO Bi-
JIOKpeMIJIEH] Mepesxi Jursd Ta3y rpyn H i L Ta Benuki 3amacy rasy B
MICIIEBUX POJOBHUINAX AAIOTh 3MOT'Y 3MilITyBaTH a3 IO HEOOXiTHUX
XapaKTepHUCTHK 1 MPU IBOMY HE 3aJeKaTH BiJ 30BHIIIHIX MMOCTa-
YaJIbHUKIB.

supplied with a constant
calorific value. This is achieved by mixing the gases of vary-
ing calorific values, bringing it to the required value. This is a
logical approach in these countries because they have separate
networks for gas of groups H and L and large gas reserves in
local fields, allowing mixing gas to the required characteristics
and not to be depended on foreign suppliers.

In addition, Germany implemented industrial biogas
plants with primary processing and feeding biogas into the
gas supply network. Biogas must comply with technical regu-
lations G260 in calorific value and deviation of the calorific
value of biogas between the one that is fed into the distribu-
tion network and the average value of the network should not
exceed 2%. In order to bring gas into compliance with the
G260 its preparation has to be done by mixing propane, hy-
drogen and nitrogen.

Experimental research of the gas calorific value effect
on combustion efficiency and consumption

A study was undertaken by Meteorological Centre on the
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Kpim Toro, B Himeuun-
Hi BHKOPHUCTOBYIOTH IPO-
MHCIIOBi 610Ta30Bi yCTaHOB-
KU 3 IEPBUHHOIO 00pOOKOI0
Ta mojavcio 6iorasy B Mepe-
XKy rasornocrayanHs. bioras
IIOBMHEH BIAIOBiaTH BH-
MOraM TEXHIYHHUX MPaBUi
G 260 momo TEmJIoTH 3T0-
paHHS, a BiIAXWJIEHHS 3Ha-
YCHHA TCEHJOTU 3ropaHHd
Oiorasy, sKU{ MONAETHCS B
pO3MOJINBHY MeEpexy, BilI
CepeIHbOr0 3HAYCHHS B
MepeXi He MOBHHHO Iepe-
BumyBatu 2 %. [ns npu-
BCIACHHS 3HAYCHHA TCIIJIOTHU

Puc. 3. 3anexHicTb yacy HarpiBaHHA Bif TeNOTUN 3ropaHHA
Figure 3. Heating time dependence on the calorific value

influence of the gas calorific
value on the heat capacity
and coefficient of efficiency
of the burners of gas appli-
ances according to [6]. The
research program contained
the following: preparation of
gas mixtures with net calo-
rific value in the range of
6900 kcal/m* to 9000 kcal/m?
by mixing natural gas taken
from the main gas pipeline
with nitrogen, ethane and
propane; burning the mix-
ture on a gas stove burner
with the heat output of
1 kW to heat water from

3rOpaHHs ra3dy y BiJAIOBiJ-

20°C to 90°C. For the pur-

HicTh moxo Bumor G 260
MPOBOASTH WOTO MiATOTOB-
Ky — 3MiOIyBaHHS 3 Ipoma-
HOM, BOJHEM Ta a30TOM.
ExcnepuMeHTaJdbHI
JTOCJTiI:KeHHS BILIHBY Te-
IUIOTH 3rOPaHHA ra3y Ha
eeKTHBHICTH CHAJIIOBaH-
HS TA 00CSATH CHOKMBAHHS
®daxiBui Metposoriu-
Horo 1eHTpy Harionamns-
HOI aKIIOHEPHOi KOMIaHil
«Hadroras Ykpainm» mpo-
BEIIH JOCITIJIXCHHS BIUTUBY
TEIUIOTH 3TOpaHHs ra3y Ha
TETJIOBY TOTYXHICTh Ta KO-

Puc. 4. 3anexHicTb TENNOBOI NOTYXHOCTI Bif TENNOTW 3ropaHHA
Figure 4. Heating capacity dependence on the calorific value

pose of the research program
an experimental set-up was
developed. This test installa-
tion allows to prepare a mix-
ture with a given calorific
value and carry out the pro-
cess of the gas combustion
with automatic registration
of environmental conditions
(pressure, temperature, hu-
midity), temperature, pres-
sure and used volume of gas,
water temperature and heat-
ing time. Research has been
carried out under three val-
ues of the inlet gas pressures:

eQiieHT KOPUCHOT ii majb-
HUKIB ra3oBoro npuiany BiamnosigHo 1o [6]. [Iporpamoro po-
CITimKeHb nepenbadanocs: NPUTOTYBaHHS T'a30BUX CyMimIei
i3 HHKYOI0 TEMJIOTOI 3rOpaHHsS B Aiama3oHi Bix 6900 mo
9000 kKkaj/M® MIIAXOM 3MIiLIYyBaHHS NPUPOIHOrO Iasy, Bii-
OpaHoTo 3 MaricTpajJbHOTO ra30MPOBOAY, 3 A30TOM, €TAHOM 1
MPONAHOM; CITAJIIOBAHHS CyMilllel Ha MaJbHUKY ra30Boi Mu-
TH TEIUIOBOIO MOTYXKHicTI0 1 kBT muist HarpiBanHsS BoaM BiX
20 1o 90 °C.

Jns peanizarmii mporpaMu TOCTiIXKEHb OyII0 pO3poOIeHO
EKCIIEpUMEHTAJIBHY YCTAHOBKY, SIKa Ja€ MOKIHUBICTh TOTY-
BaTU CyMII 13 3aJaHOI0 TEMJIOTOIO 3TrOPaHHS Ta MPOBOAU-
TH TPOIIEC CIAJIOBAHHS ra3y 3 aBTOMaTHYHOIO PEECTPALI€I0
YMOB HaBKOJHMIIHBOTO CepefoBHINa (aTMOCHEPHHUH THCK,
TeMIlepaTypa, BOJIOTICTE), TEMIIEPAaTypH, THUCKY, 00’€eMy BH-
KOPUCTAHOTO MPHPOIHOTO ra3y, TEMIEPAaTypH BOAM Ta dacy
ii HarpiBaHHs. JloCHiIKEHHS MPOBOIUIN 3a TPHOX 3HAYCHB
THUCKY T'a3y Ha BXOJi J0 razoBoro npunany: 1,8; 2 ta 2,5 klla.

Ha nepiomy eTamni 1ocii)keHb BCTAHOBJICHO, 11O:

1. BeIMYMHA THCKY Ha BXOJi Ta30BOTO MPHUIIANY CYTTEBO
BIIJINBA€ HA Yac HarpiBaHHs Ta 00’eM croxkuTtoro razy. Onru-
MaJIbHE 3HaueHHS TUCKY — 2 klla;

2. 31 301IBIIEHHAM TEILIOTH 3ropanHs (puc. 3) gac Harpi-
BaHHS 3MEHIIYETHCSA, a TEIJIOBA MOTYXHICTh (puc. 4) 3poc-

1.8 kPa, 2 kPa and 2.5 kPa.

At the first stage of the research has been established that:

1. The inlet gas pressure of the gas appliance has a crucial ef-
fect on the heating time and the volume of consumed gas. Optimal
pressure value — 2kPa.

2. As the calorific value increases (Fig.3), the heating time
decreases and heat capacity (Fig.4) grows, nevertheless dynamic
pattern drops.

3. Efficiency coefficient of the gas stove burner in a range of
calorific values varies between 55% and 64%.

Summary

In order to switch to payments for natural gas in terms of
energy content necessary the following:

= use a complex approach to the gas preparation and process-
ing as on its field production and at gas clearing plants in accor-
dance with European gas quality requirements;

= adopt normative documents that regulate the requirements for
the design and operation of gas measuring stations and metering sta-
tions, natural gas quantity and energy measuring devices, gas deliv-
ery to distribution networks in compliance with European regulations
by means of international standards implementation in Ukraine;

= develop regulatory act that sets accounting and billing re-
quirements for consumed natural gas in terms of energy;

Hadrorasosa ranysb YkpaiHu. 2014. Ne 6



39

Tae, MPOTE MPH IBOMY 3HUIKYETHCSA JUHAMIKA 3MiHU;
3. KoedilieHT KOPHUCHOI [Tii MaJFHIKA IUTUTH B JlialTa30Hi 3Ha-
YeHb TEIUIOTH 3TOPAaHHS 3MIHIOETBCS y MeXax Bifl 55 o 64 %.

BucHoBku

Jnst nepexony Ha po3paxyHKHU 3a NPHPOIHUHA Ta3 3a BMICTOM
eHeprii HeoOX1JTHO:

» BUKOPHUCTOBYBATH KOMIUIEKCHUHM MiAX11 O MiITOTOBKY Ta Tie-
pepoOKH Ta3y SK Ha MICISIX Horo BHIOOYBaHHS, TaK i Ha Ta3omepe-
POOHMX 3aBOJIaX BiAMOBITHO JI0 €BPOMEHCHKAX BUMOT JI0 TOKa3HUKIB
SIKOCTI razy;

= HOPMaTHBHI JIOKYMEHTH, 1110 PEIJIAMEHTYIOTh BUMOTH JIO [IPO-
eKTYBaHHSI Ta eKCIUTyaTallil ra30BUMIpIOBAIbHIX CTaHIIH Ta BY3IiB
0011iKY, 32c001B BUMIPIOBAHHS KLTBKOCTI Ta €HEpTil TPHPOTHOTO T3y,
TiepeaBaHHsI Ta3y Y pO3MOIiTBHI MEpeKi, Y BIATIOBIAHICTE 10 €BPO-
MEHCHKUX HOPM IIIJISIXOM 3aIPOBAKEHHS B YKPaiHi KOMIUIEKCY MiK-
HapOJHUX CTaHJIAPTIB;

= PO3pOOHTH HOPMATHUBHO-TIPABOBUH aKT, SIKWH BCTAHOBIIIOE
BHMOT'H JI0 OOJIIKY Ta PO3paxyHKIB 3a CIOKUTHI NPUPOIHUIA Ta3 32
BMICTOM €HEprii;

* 3aIPOBAKYBATH CyYacHi TIOTOKOBI 3aCO0H BUMIpIOBaHHS Te-
IUIOTH 3TOPAHHS;

= 3[IICHIOBATH OLIHKY BiJIIOBITHOCTI MPHJIA/IB, 110 TPAIIOIOTH
Ha ra3omoniOHOMY NaiuBi, 3 ypaxyBaHHsM BuMor EN 437 [3].

= implement up-to-date on-line calorific value determination
devices;

= asses the conformity of devices that operate on gaseous fuel
with account of EN 437 [3] requirements.
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ABTOpM CcTaTTi

Anopiiuwiun Muxaiino Ilemposuy
Kanouoam mexmniunux mayx, oupexmop
Memponoeiunoco yenmpy Hayionanenoi  ax-
yionepnoi komnauii «Hagpmozas Yrpainuy.
Ocsima 3a ¢haxom — leano-Ppankiecvokuil iH-
cmumym Hagmu ma 2azy, cheyianbHicme — cho-
DYOdHCEHH s 2a30HaAPmMOonposodis, 2azoHaghmocxo-
suwy i Hagpmobas. OcHoBHUL HANPSIM OISLILHOCTII,
HAYKOBUX OOCTIONCEHb — NPOSPECUBHT MEXHONO2ET
HAMO2a3068U000V6aHHs. Ma HAPMo2azooi 2i0pomexaHiku, Mmempo-
J102isl; BUMIDIOBAHHA UMPAMU Ma KilbKOCMi PIOUHU i 2a3).

Jomuuyvkuit Pocmucnae Anamoniiiosuu
Tonosnuui memponoe Memponoeiunozo yeH-
mpy Hayionanvnoi  axyionepnoi
«Hagmoeas Yxpainuy. 3axinuue Kuiscoruil
nonimexuiynutl incmumym. OCHO8HULL HANPAM
OIANLHOCII — MEMPOIIO2ia Ma GUMIPIOBANHS BU-
mpamu npupooHo2o 2asy.

Komnauii

Hexmapuyk Cepzii

leanoeuu

Hauanvuux 6i00iny memponoziunozo KoHmpo-
10 3aC00i8 BUMIPIOBAHHSL (DI3UUHUX napamempie
eazy Memponozciunoco yenmpy Hayionanvnoi
axyionepnoi komnanii «Hagpmoeas Yrpainuy.
3akinuue Kuiscokuii nonimexniunuil
mym, cneyiaibHicmb — XIMIYHA MEXHON02iA

iHcmu-

HeopeauiyHux peuosur. OCHO6HI Hanpamu OisNbHOCMI — Mempono-
2isl, BUMIPIOGAHHA Napamempie NOmoKy, eUmpamu, SUMIPIOGAHH Mu-
CKY, BUMIDIOGAHHA (DI3UKO-XIMIYHO20 CKIAdY I 61acmueocmell peuo-
8UH, meMnepamypHi i menioQizuuni 6UMIpIOBaAHHSL.

I'naouwescvkuiit Muxona Bonooumupoeuu

IIposionuii ¢paxiseyv 8i00iny Memponro2iuHo-
20 KOHmMpONio 3aco6ié 6UMIPIOSAHHS (i3uy-
HUx napamempie 2a3zy Memponoziunozo yen-
mpy Hayionanenoi axyionepnoi xomnauii
«Hagmoeasz Vxpainuy. 3axinuue Huviokach-

cokuti  Yuieepcumem  (Hviokacn,  Benu-
KoOpumauis),  cneyiaibHicme  —  AGMO-
mamuzayia i ynpaeninusa;, Hayionanvnutl

asiayitinutl  yHigepcumem, CcheyianbHiCmb — Memponocis ma
iHopmayitino-eumiproganvri mexuonozii. OcHosHUll Hanpam Oi-
ANbHOCI — 00JIIK NPUPOOHO20 2A3).

Eodenv Anina Bikmopisna

Ilpogionuii ¢axieeysv 6i00iny o06OniKy ma
KOHmponio  sakocmi Hagmu ma  Hagh-
monpodykmie Memponoeiunozo yenmpy
Hayionanvnoi akyionepnoi komnanii « Hagh-
moeas Yrkpainuy. 3axinuuna Hayionanonui
asiayitinutl ynigepcumem, cneyiaibHicms —
2a30mypOIHHI  YCMAHOBKU | KOMRPECOPHI
cmanyii. OcHo8HUll Hanpsam OiAnbHOCMI —
001iK NPUPOOHO20 2A3).
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