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A Study on the Evaluation of Heating Value of Natural Gas
Using SGERG Equation and a Specific Gravity Meter
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Abstract — Gas analyser is widely vsed for the determination of the heating value of namral gas (NG) at
large metering stations for billing purpose. However, it is very expensive and unrealistic to small metering
stations. In this study, the method using SGERG (Standard®™Groupe Europeen de Recherches Gazieres)
equation and a specific gravity meter (SGERG + SG meter} as one of means of an economical heating value
evaluation is analyzed, SGERG equation, original compressibility factor equation, is modified into heating
value equation and analyzed its uncertainty. In addition, the validity of measurement or estimation of specific
gravity, mole fractions of N, and CQ, in need of heating value calculation is analyzed and the applicability
of this method is validated by comparing these results with field data. It is confirmed that the calculated
heating value uncertainty in case of using the stated above method is almost the same as that of gas analyser.
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Table 1. Interaction virial coefficient terms for nit-
rogen and carbon dioxide.

Fl‘gd for  (m¥kmol) b,(m*kmol-K) b,(m*/kmol-K?)
i
Ni—N,  —0.144600 0.740910x10° —0.911950x10

CO,-CO, -0.868340 0.403760x107 -0.516570x10°3

CO,-N; -0.339693 0.161176x107* —0.204429x107*
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Table 2. Virial coefficient terms for the equivalent hydrocarbon,

i by by by
By{m*/kmol} 0 —0.425468 0.286500x107" -0.462073x107
B, (m*/MI) 1 0.877118x107° -0.556281x10™ 0.881510x10°*
B.(m*kmol/MJ?) 2 -0.824747x107¢ 0.431436x10™* —0.608319x10™
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Fig. 1. The percentage change in compressibility brought
about +1% change in heating value for temperature
from 263K to 338K for pressure up to 10 MPa. {mole
percent of nitrogen = (%, mole percent of hydrocar-
bon =0%, specific gravity =0.624, heating value at

25°C = 984,54 M.J/kmol).
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Fig. 2. N, and CO, mole percent in supplying NG
measured at jungdong metering station during 1999,
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Table 5. Uncertainties of each component related to
heating value predictions.

Equation Reproducibility N, CO,
(%) (%) (%)
Gas Analyser  +0.10 +0.20
SGERG +5G- 910 +0.17 —0.11~+0.17
Meter
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Table 3. Compositions of test gases sampled at high pressure supplying pipeline of Pyong-Taek LNG terminal.

Test gas CH, (mol%) C,H, CHy  iCHy nCH, iCH. nCH, N, CO,  'Specific gravity
Gas A 90.0160 5.6320 29420 0.6510 0.6620 0.0070 0.0000 0.0900 0.0000 0.630900
Gas B 90.067 6.1380 25920 0.5670 0.5590 0.0130 0.0010 0.063 0.0000 0.627242
Gas C 89.212 8.2619 1.8857 0.2852 .3242 00122 0.0018 00108 ©.0003 0.622945

'Specific Gravity is not a component of NG, but is calculated by gas analyser from gas compositions.

Table 4. Comparison of heating value predictions between SGERG and GPA 2172 for test gases.

Test gas Heating value from gas analyser (A)

Heating value from SGERG (B) Deviation {%})

(kcalim®) (keal/m®) (B/A-1)x100
Gas A 10631,594 10629.283 ~0.022
Gas B 10582.601 10579.637 -0.028
Gas C 10529.626 10524 550 ~0.048
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Fig. 3. (a) Comparison of heating value predictions
between SGERG +SG meter and gas analyser (99/9/
2, Jungdong Metering Station), (b} Comparison of
heating value predictions between SGERG + SG meter
and gas analyser (99/9/3, Jungdeng Metering Station).

. E

2 Aol M AalHe oA whig skl
SGERG ub42|3} v|FH| 5 ALl ubge] elgby &
AL st} o] 2 ¢8] SCERGHE "oz w7y
Sh2 of Alo] XY E slolgon wil WAl e H
83 vl ojAbSsRE Alke] AMY HRIE ARG
=3l g7 do|8E Fa o] by el AESY
ow 1 ARE gokEld o5 2o}

1. SGERG 29| degAlal Zger 2k +0.1% o
Wal Aoz BAgelr}

2. depAlAlel| Gk Adsl o|AbFeke] Fape A
27k A TS A F gl ez BMEg
A FEEE TR W) ol F ko] S| 3oiAM
A Az ALgds HdEs B FrHRe
—0.11~+0,17% A 2o E517] iF-o]ct.

3. Al #7) AEZ B8 A3 SGERG + ¥IFA ¢}
7l2RM7t Gk o] 5 A 4ol o)Allelie] §ehl 9
T BETel +0.2%(-0.11~+0.17%) M= A=1§ 4= ¢l
&2 Fhalalgo)

web 2 oubgg Agsl Ivle] AkaEAF)E A}
3 haE 7z el AR Betre] dukghs
ARE 4 gloka AR A& 4 9l

MNEI|E

Bi.;: A% ¥4 A% ol g vl A i=N,,
COy; j=N,;, CO,CHE A)2]gt N,, COgl 3}
gh

Bn.: E3Fka0] 23 wigidAl e mikmol 1Akl 2-
AGA B 3

Cui: EZ120] 33} wa]dA P [mékmol’](Al A 18R]
2 AGA 8 F=E)

G, + =2.709328

G, : 0.021062199

G, : HIEEWR: 7IFEE + W) 7R

Hgy;: %7]"6\’_]'%}1:—/‘1—94 E%%E&[Mﬂkmol], Hey=Hey
[25°C, V(T, P)]

Hy @ 25 deg - G2 =5 =¥ [MI/kmol]

Hy : 5 ToilM Adrke] <98 A =23 ddeg
[kJ/m?]

M, : Hedrpsa] Ealed [ke/kmol]

M, : A& ©] 23, i=N, CO0, CHkg/kmol]

M 3718 E°855(=28.96256 kg/kmol)

P Ao [kPa)

R : delrY(8.31451 kl/kmol-K]

Energy Engg. J (2000), Vol. %4)



308 L

T A2 [Kelvin]

Uy, g3o] E8x

U, : sEElge] 23l

X, A% i B¥E i=N, CO, CH

Z, : 71F 22l Adrie) Al
Poai: 7FE EAOA] 3719 Agmly, [ke/m’]
8 AHRREE

o2& A}
air : 37]
b o 7E =A

CH: 37} R3rads, opibgh: 2 A3 A
A7k w3

COy o]ﬂ-ﬁ}%ﬁ‘_
mix: TRP7RA
N, : 3k
s

1. “Natural Gas-Calculation of Compression Factor”,

LRSS Mgy HM4s 20004 11E

o] 7kl

ISO 12213-3 (1997).

. “Compressibility Factors of Natural Gas and Other

Related Hydrocarbon Gases”, AGA Report No. &
(1994),

. “Measurement of Fluid Flow-Evaluation of Uncert-

ainties”, ISO/TR 5168 (1998).

cvdd TRk R Sl TA (1999).
oA, B, sledd, abEd], o | U =A 9

7 7lo] 23 Alabd mele] A e vl gt
F7hAEAL WA, 98-KA-FM-<1A] -303-00 (1999).

L ol7hA, A, olAT T|EUEA el @

T A, FAF7RATAF BIA | 97-KA-FM-A] -182-
00 (1997).

. “Calculation of Gross Heating Value, Relative Density

and Compressibility Factor for Natural Gas Mixtures
from Compositional Analysis”, GPA Standard 2172
(1998).



