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Abstract: The GERG-2008 equation is recommended in international standard ISO 20765-2 to calculate the thermodynamic properties of
natural gas. Comprehensively evaluating the accuracy of GERG-2008 equation in calculating the compressibility factor, density and dew
point of natural gas with different compositions and phase states is of great significance to select the calculation method of natural gas
thermodynamic properties appropriately and to improve the natural gas quality control level. After collecting abundant experimental data,
this paper evaluates and compares the calculation accuracy of the GERG-2008 and AGA8-92DC equations on the density (compression
factor) of gaseous natural gas, and evaluates the calculation accuracy of GERG-2008 on the compression factor of high-sulfur natural
gas, on the density of LNG and on the hydrocarbon dew points of natural gas. The following research results can be obtained. Firstly, as
for the pipeline natural gas with simple compositions as stipulated in the standard, the accuracy of GERG-2008 equation is similar to the
AGAS8-92DC equation on the density calculation, which is within £0.10% under pipeline transmission temperature and pressure. For nat-
ural gas with high content of heavy compositions, when the critical condensation temperature is close to the calculation temperature, both
equations' density calculation accuracy get worse under the pipeline natural gas pressure and their relative average absolute deviation is
0.30% and 0.50%, respectively. The GERG-2008 equation is slightly superior to the AGA8-92DC equation. Secondly, when the GERG-
2008 equation is used to calculate the density of LNG with C;" mole fraction lower than 0.20%, its relative average absolute deviation
from the measurement results is lower than 0.10%. Thirdly, the GERG-2008 equation can be used to calculate the hydrocarbon dew point
of natural gas without or with trace C," isomers. Its calculation accuracy is higher than that by PR or SRK equations of state. In conclu-
sion, the GERG-2008 equation is capable of calculating the physical property of natural gas accurately and comprehensively and can be
widely applied in natural gas industry. Therefore, it is recommended that the relevant organizations of natural gas industry speed up the
formulation of relevant national standards.

Keywords: GERG-2008 equation; AGA8-92DC equation; Pipeline natural gas; High-sulfur natural gas; Compression factor; LNG densi-
ty; Hydrocarbon dew point; National standard
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0~ 12.0 0.2%F
320.0 ~ 350.0 11 0.22%  0.19%
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~ 0, 0,
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350.0 ~ 500.0 2l 0.13%  0.12% 3 ] BRSSO R AR S 4 R T T R
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0.6% - AGA8-92DCU; 2 0.6%} GERG-2008 /52
0.4% | 0.4% ¢t
0.2% 0.2%¢t
i i
g q
= - [~ L
0 w0
e x
-0.2% - -0.2%}
-0.4% —0.4%
-0.6% -0.6%
0 5 10 15 20 25 0 5 10 15 20 25
JE 77/ MPa JE 77/ MPa
B2 EXAREWZEITEE (AGAS-92DC. GERG-2008) S5sCi&{Ef RD &
#*7T BERMRAREHRFIHEESMKELLRER
Jluﬁ&j‘ﬂ
|
SG1 SG2 SG3 SG4 SG5 SG6 SG7 SG8 SG9 SG10
FE 4R PR I E 0.970 0.914 0.968 0.823 0.950 0.942 0.931 0.711 0.452 0.606
i+ GERG —2008 0.963 0.889 0.962 0.825 0.951 0.940 0.929 0.731 0.469 0.619
# DPR (WAIE) 0955 0.886 0.957 0.823 0.951 0.946 0.924 0.716 0.433 0.590
H pax (WA BEIE)  0.953 0.883 0.954 0.822 0.949 0.939 0.921 0.715 0.437 0.592
GERG —2008 —0.71% —2.70% —0.66%  0.18%  0.06% —0.20% —021%  2.87%  3.89%  2.19%
RD DPR (WARIF) —1.55% —3.06% —1.14%  0.00%  0.11%  0.43%  0.75%  0.70% —4.20% —2.64%
H pax (WA KIE) —1.75% —3.39% —1.45% —0.12% —0.11% —0.32%  1.07%  0.56% —3.32% —2.31%
RD i —2.70%, 4> RD 1H¥/NF 1.00%, RAAD AR ULEH, R SERIRM KRS (G &

8 5 0.61% ; % SG8 ~ SG10 ¥ /it (H,S & & KT
27.00%), GERG-2008 %} SG9 ¥ i i J& 45 K 1 it &5
ZAE K, RDE N 3.89%, HAHH2.00% /4.
GERG-2008 J5 £ %} 1 @ﬁ%% JE 48 R 5 1F S e
PERE R SR T SRR TE 1 45 & WA B2 IE 5 VE
DPR il DAK #i%! 8 GERG-2008 H T- =& (H,S

BAKT 27.00%) SRR IR T4 B 1 v R
ﬁ AN R HERFE

24 BURKERE

5 AGAR-92DC 75 2[R T A& R W&
AE, GERG-2008 J7 #2ik ] F Filitb KA (LNG)
YIPERTH B . AR SC S5 S0k [29-30] AR 2 12 40
ANFEZHE LNG (58 8) it 360 A~ LNG % B E ,
F T GERG-2008 %t LNG % ¥ i1 5 #E #ff 14 10 3F- 15,
LNG % & R 1) 38 B2 Yu L 100.0 ~ 180.0 K, [k 7y
YN 0.2 ~ 9.7 MPa.

M GERG-2008 14515 FI| (1 %% FE A -5 i AF 1) B

H/NT 0.10%), K GERG-2008 it 5 3515 1] LNG
A S MARME ) RAAD HIEA/NT 0.10% 5 Xt ki
EEHITEAT 1.00% ) LNG, M GERG-2008 it
ARG A 5 M E 1 RAAD 8K, R 8
) LNG8, Fkki &8N 2.99%, HHHEH 5 MR
RAAD {HH23T 1.00%. F= ELHIHE 113 5 LNG A
NG R EE L, E4L A P, GERG-2008 ] 114 H 2K 41 ik
BRI LNG 55

SKEEAITEESUNER LR

RIRE e R EE L) mdabs, RIERARTH
ﬁfcﬂ‘izﬂJNﬁlEﬁTE‘%ﬁE,ﬁiﬂ%)ﬁ, X7 i JoT B4 i
B Rt mus T i A A EEIE FE . GERG-
2008 J7 AR e T e OO, B XA R R AR FE A
[6 () R SRA, #47 T GERG-2008 77 F& 5 % FH (] PR,
SRK R AS J5 72 J Fo idt 77 R x5 p I TR I L

3 XK
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*8 LNG ZETEESMEREER

S NG R 4L o ifﬁ/%’\ﬁz%& ! eip
C, N, C, C, ic, nC, iC, nC, |
LNG1 81.56% 0.70% 13.37% 3.68% — 0.69% — — 31 0.04%
LNG2 87.89% 0.35% 7.27% 2.93% — 1.56% — — 35 0.12%
LNG3 84.64% 0.59% 12.80% 1.50% 0.22% 0.21% 0.02% 0.03% 28 0.12%
LNG4 87.97% 0.34% 7.24% 2.90% 0.64% 0.69% 0.11% 0.10% 28 0.21%
LNG5 97.89% 0.19% 1.00% 0.50% 0.18% 0.21% 0.02% 0.02% 28 0.06%
LNG6 75.04% — 24.96% — — — — — 28 0.01%
LNG7 88.03% — — 11.97% — — — — 28 0.01%
LNGS8 97.01% — — — — — 2.99% — 42 0.97%
LNG9 99.01% — — — — — — 0.99% 29 0.48%
LNG10 99.00% 1.00% — — — — — — 28 0.01%
LNGI11 97.00% 3.00% — — — — — — 28 0.01%
LNG12 69.79% 30.21% — — — — — — 27 0.02%
3.1 GERG-2008 FRRAAMEEERAS %o TREEHNERHSEESTEESNRED 44D EF
MSCHRW S 24 4HIC 1) R AR S8 3 n a2 3t - V2 % BT SAE S5 IRRAB IR 44D {8 /K
o626 A, RCHIRIS TR AE CIEKEAE 9y 5 e Ji /4 SRK PR SRK-Twu TST PRSV O 10"
Ptk ke C feke, BT 45y %76 GERG-2008 J5 F2 i 2008
I 21 PRz, KRR R 5 S IR S SNGI 81531932 28 07
A ZEA LS [32], HFamitE sy, wmr  SNG2 18122220 a8 22 07
7@53‘7”7']7] 0.1 ~ 10.5 MPa. 203.1 ~ 286.6 K, ;éﬁﬁ SNG3 16 07 22 1.0 2.9 2.7 0.4
GERG-2008 %ﬂﬁ4@4ﬁ§ﬁﬁ%ﬁﬂﬁ‘]ﬁ‘ﬁ ADD 15@511‘ SNG4 23 24 4.5 2.4 5.0 4.2 2.1
s . SNG5 20 1.1 2.8 1.1 3.6 3.5 0.7
Tﬁﬁﬁn%@ 9 ﬁﬁmo SNGS8 18 30 14 3.2 1.5 1.6 2.6

» jz?ij&%é}iﬁﬁﬁﬁ%%zu‘%th, Xﬂﬁ?é% SNGII 26 27 20 24 22 22 25
i RFS, GERG-2008 [y B2 sl iT 541 R 5 9 A SNGI2 18 14 19 12 08 13 14
) AAD (VN (L3O, IPHHEMEIIET SRK (14 NGz 17 16 26 19 24 19 21
KD J& SRK-Twu J5 2 (1.5 KD 5 AN [F) A5 20 % 2 ple 42 SNGI4 17 14 20 L1 09 12 L5
{6 B R AR SR iR AU TN ADD fE AN 3 fras, M SNGI5 18 10 32 08 30 17 07
3WATULEME H, XL CRT 6.0 MPa) T, SNGI6 27 08 32 08 32 19 09
GERG-2008 ¥ #ERA B2 B 245 5 . GERG-2008 J7 F2 & SNG17 15 12 17 14 13 17 09

IRFIAL T 5% % FH () PR AT SRK 2R A TR SNGIS 19 07 17 12 18 16 LI
32 & CSESBHERAS SNGI9 22 10 21 15 23 20 10
. 6 (3¢

N L SNG20 14 09 22 12 19 12 24
. _ P e I b Ot TE IR S
AT GERG-2008 FREAMM NI Co IR gnGo1 63 11 07 09 34 13 06

SRR, 2017 ER AT AGA 8 S 55 4y U o, SNG22 47 20 28 23 25 20 12
HEFR R SR I Bl AR, BESE SNG23 100 1.8 34 2.0 41 33 1.5
g RMBXT M IEREE, 285 % GERG-2008 SNG24 12 22 22 21 21 18 24
TFRERAT IR R S . KPR T, H GERG- SNG25 8 24 53 24 56 38 1.9
2008 Tl T 14 PR RIS (B8 Cy' R ik, SNG26 23 28 47 30 44 30 2.2
2H RN e 5 s I E 2 225 S0k [32]) 1 334 M& SNG27 33 19 34 1.4 42 22 1.3
B2, JEHE T H 5 PR, SRK 2K 5 R85 1 SNG28 34 14 35 16 38 20 16
251 AAD fl, VEAEESINZE 10 iR, BIAE 626 14 24 1.5 26 2.0 1.3
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- p<6.0 MPa
- 1>6.0 MPa

12 5% S ADDIA | K

SRKG ¢ PRAFE SRK-Twujife TSTHHE PRSVIFE GERG-20087ifE
E3 AREREIERKEEEFHSRKASEES
BT ADD {E[E

F 10 H &R AU R . W 5 10.9
MPa, 303.2 K. AJPLAEH, KA GERG-2008 Jj & it
HE Cy [F oy SRR S bR RAR SR 5 mU) AAD 1H N
3.7 K, {UBSHET PR 7F2, A% SRK-Twu (2.5 K.
SRK (3.0 K) %547 #2, ZiHHE FiRSLhr RIS A
e 3.1 g5 R, N GERG-2008 J7 2 T 4 i
A NEEE MR C IERE S Tk (R
BN 0.05%) MRS IGEEE SRR, LT
PR 8 SRK K712 ; 24 C," IELR IR 4 T M4k & & AH
SR, SR GERG-2008 5 F& i1 5045 ) 1) 42 55 45
AAD HECR, HERIHEA & SRK ZORAS T 2.

F 10 FAEMERIISIFRRASEESITEES
K (B E 44D {EZR
AR S M ME A 44D (8 /K
GERG-
2008

sefr o IR
KIS #5/4 SRK PR SRK-Twu TST PRSV

RG1 23 34 4.1 2.0 4.7 39 4.3
RG2 15 34 3.6 2.8 33 37 4.9
RG3 18 1.0 49 1.2 42 27 3.1
RG4 12 2.8 3.1 1.7 27 32 4.2
RGS5 25 35 29 2.4 29 42 4.1
RG6 26 3.1 29 2.2 28 26 4.4
RG7 41 3.6 6.0 3.9 53 42 34
RG8 40 36 63 3.8 58 44 3.1
RG9 29 3.8 63 3.9 51 42 4.4
RG10 27 0.6 2.0 0.6 09 04 0.8
RGI11 30 1.0 1.7 0.8 1.0 0.6 1.7
RG12 30 36 5.8 3.8 49 41 34
RG13 7 63 3.8 3.8 3.8 4.8 5.8
RG14 11 2.1 1.6 2.2 1.8 1.7 3.5
AR 334 3.0 39 2.5 35 32 3.7

1) 0 A v A RIS 11 2H R 18T R 1 5 A R AR S
GERG-2008 77 & 5 AGA8-92DC J7 F% (1) i1 5 i 1y J&
FEARM Y, ERARRERIRE. EIEEN, WA
D5 RE T E e L AE 0.10% DL ST EH D) S &
FERT RS R AR A, S I A b I 0 TR
FERE, fERNAEREIITEEN, KA GERG-2008
1 AGA8-92DC T R THE R IR AR 1) RAAD {8
43 HIATIE 0.30% Fl1 0.50%,  SEFRMFH AR N 5] e .

2) GERG-2008. AGA8-92DC J5 &%} J& /1 i T
30.0 MPa. I T 350.0 K (R AR E K v
B B BEARTE 0.20% LAY, T T 7 A 20 43 2H R T
SRR SRR T 1T 5

3) GERG-2008 J5 F& 1] H T+ i & i R SR U 4 [
TR, e EE R W, X H,S BE R EEAIR
F 27.00% HIRRAR A, THE R R 75 R 1)
RAAD {HZ1H 0.61%.

4) GERG-2008 77 2 v] FH T~ 24H s 4 i 5 LNG )
V. MLNG H C HEIKT 0.20% B, it
SRR T 0.10%.

5) GERG-2008 77 & FH TSR i o, A e s
e Cy IEbEEIR 7 S A i CBE 7R 4r 3/ T 0.05%)
[ R AR 78 s i B HERA 14 48 T PR 2 SRK ZIR
BT, M CoT IEREIR IR 7 5744 R 5 A X 5 v B s
K H GERG-2008 i1 54 e il 22 BOK,  HERA PEER
A SRK ZRARAS T FE

6) 1SO 20765-2 & LA GERG-2008 77 % Ay L filt ]
& TR AR AR RSP H 1)
FE brbrd, iR 2041 B GERG-2008 77 #2425 iy K
IRRRGRE T CB B BB SR IR SRS 7
WA TR IR B DA e R ARSI B i R vh B 40
i, EIRIRSAT LA S 4L 2B iZ [ B b v K
Je SRR LA AR o
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