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Abstract: In view of the current situation of the multi-source natural gas supply pattern of “one network” in China, the tra-
ditional volume measurement and trading system is no longer suitable for the operation and development of China’s natural
gas pipeline. The use of energy measurement can better reflect the energy characteristics of natural gas itself and promote the
integration and upgrading of the natural gas market. On the basis of considering the implementation scheme of natural gas
energy metering system and the demand of non-resident users for natural gas quality, this paper creatively puts forward the
operation optimization model of multi-gas source pipe network under the energy measurement system. The model takes the
maximization of pipeline operation profit as the goal and the gas supply volume and pressurization mode of the whole line as
the decision variables. The model is applied to a long-distance pipeline in China, and the optimal solution of the model is ob-
tained by using GAMS/ANTIGONE solver. The optimization results show that the optimization results under different energy
measurement system implementation schemes are better than the actual operation schemes on site, and the maximum operating
profit is increased by 32.05%. Among them, the gas purchase cost accounts for the highest proportion in the pipeline operation
cost, which is comprehensively affected by the gas price, gas supply volume and calorific value of each gas source; the pipeline
transportation cost and compressor station operation cost are indirectly affected by the gas supply volume of each gas source;
the higher the calorific value content of natural gas at the demand node is, the higher the gas sales revenue.
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Fig. 1 Schematic diagram of each link of the whole natural gas industry chain
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Fig.2 Schematic diagram of energy measurement scheme in each link of natural gas supply chain

2 7% [ h KR H R & St B, ¥ %

WAy K A f R B BT SEAT RE T, DT A% 3



%34

XM, F . B BIRAT 2 ARE NBFHRAFA 133

R A St HA A AT RS % g — R
i, B AT A 0 A L B ol R LT R A A, BRI
M I/ (km3-km) 45 Jy 70/ (GI-km) , A& BRAEIE N |
s B =R

1.2.1 RIRSMNAR LTk

RIR A& 5 3050 B A R0 At B A A A
B, BRI B — A i B 57 K RAR AR BT 28 &
M FEARSEL, TR RIRSRFR AN 4k R R KR
SZEERE R A AN

1) RERFMAE AT 1 CRSCRIFRITE 1)

] KA A A T X R K S T8 1 R AR R e i
T MRS 3R - 8 — DR R AR SRR 255 1Y
PAE, 7 EEARERVE, B SR HIZERR AT
BRI I SR T R S A A R
W& IEAT G — 10, T T RAR I ME N A8 2=
BT RIRRIGSEANHE | 5B LU Sz A%
AR A=t (2) L 20 (3) M=l (4) FirR

Cpurchase,V
Il)urchase,H = o x 1000 (2)
B2V L
Cl et — 7 1 TSR B A
%, JT/GI;

Chpurchase,y — W 3K K 8K B4R R I 18 A 4%,
JG/m3;

Ho— RIR M8 MARFH i e 46 R e it 3
PFEERAE , MI/m3,

CSC
CslellH = HILV x 1000 (3)
’ 0

:EQEI:‘:

Coann— T 1 FRAH B REE I M5,
JG/GT;

Coeny — 48 T DX 4 1] 3 4% 26 vh 19 B 4%,
Jo/m?,

Chpipe
;ipe,H - p[;(),v (4)
B2V L
Cloo —Jrik | F RO 4
6/ (GJkm) ;

Cripe,v — R AR U 3H 1z H A 4% 22 1O 0 46
6/ (km?km)

W7 AL R T RIRBER ISR, &
FEIEHE Juh ks RAE Iz is 2. LR EREE
THR SIS , 258 RO T O A T8 s ey 60

AR R AR AT, IR AT 5 B ERA
SRR R R, 5 T . SRR AR
TR A MR IE T TARR K, B2 PR IR EL A
P BT A 220, RS RE 23 B MR 7
PEFIR O .

2) RIS MHA Tk 2 CRCRFRIT % 2)

I 5 BRSNS e ey S ME AL, R [ 4
SN AT AL IRIR TR B 255 O A, #5345
FP 2 A8 B M R EARFT , AR SE PR A ER 5
UL Ty M SS MG , A T o8 @O T 5 A%
M. ZOTEAETE | R ES I A& IS &
B, =X (5) Fos, FoR & 5 T 28 5 ISRk
SRR PE S [ Z R AT B PEARAT Z A1 22 575 1
AR N . RIR ISR | 8 85 At LA Lo i
I REAL A AN (6) L K (7) Fizl (8) P

H, — H,
- e =0 5
Y= TH, (5)

SR
w— WK SN B, BRI
He—74% M 2% ] P 4% 80 T8 9 52 PR UM B,

Gl/m3,
Cpurchase,V
rsesn = e (14 w) x 1000 (6)
A
C e — I 2 PSRRI AR R 60
¥, J0/GI,
C
quellH === (1 + w) x 1000 (7)
sell, Ho
e

Copn— T 2 BRI EREEIT RO,
JG/GI,

;%=9§ﬁ0+w (8)
A

2o — 7T 2 F R AE R LA 1
Jt/(GIkm) .

W75 1A S — A PAEARAT, PR AR T
RS IR, A% LA T A R LARR 3 S B 1 R
TR BELR W 72 25 A%, RE S8 MR BN [R) R ME K
SRAIY AR, B O T 1k -5 R ST A 4 1)
A R R AN R IR A [ A 8 [ 3 E
S MBCR IR 225, RECRR TSR
fiL, MECLMEE . FAT, SER A% 52 T AR R AL
1) AN R



134 G K FFROARAAFR) 2024 4
1.2.2 FEMERVE LR X SO PE N FEERERT , IR M AS I shie/N, H
AT I T e OGSV, BDRLE e b, BN AP KRR A ME AT & S brIg i, B

FAELH R AR T, oA AR S IRz A B
HHE A BIHTHE, EERAET 1) 2EIIRTH
FEMEPESE—; 2) FEMERE S [ SE PR E K K
KREFEAHFANT G5 3) FEMEIEAT & E 50 R AT
PRI 25 P I SR DU ATBUR ARIAH G
PHESR, PIERYSRERE LN 2 Fis . XA 2
T R EERETT 2, 775K 1 R LA AR

36.86 MI/m®; 7E 72X 2 HAE Rk RN 2 5 45
FUE AR SRR, S E bR
SERRPE KA 228N, M 36.84 MI/m? , {515
AINERIR A BB s 78070 3 WP AR R — S bR
REEAERVERT , 2018 AEATHY EFRHHEAE L 2018 48T
FEbR T, S 36.00 MJ/m?, S5 A [ R ARV 52
BT, 5L SMMAE HEShEN

®2 HEMERMERTARERE

Tab.2 Method and basis of reference calorific value selection

FEPE R SR BRI FE A e AT P/ (MJ-m3)
A H = R AE 36.86
Jr 1 & EEHAME [ A SRR A 37.04
& AT RARI T3 37.31
st 2 El%ﬁ%%ll?&ié ng [ R SR A2 b1 4 A e (S R b 36.49
P AR R b o [ 58K SR RIS 22 B 58t 1 v o AV Ao 36.84
. ! S g 2018 4RI EAR 36.00
K PR U 2018 4F T E A 34.00

G545 2 R ISRAM S FEAR T IR LA I 3 Fh MR
EEF T, 4 6 MRAR A REETT B IR R L
T, Wk 3 fim.

F3 RHSEHBUTEERNcMIMHIRASE

Tab.3 Combination of 6 implementation schemes of natural gas
energy measurement system

BRI R KRR, VAR 5

2 ERREMASRESHRETE

2.1 ERBEEM &4

MR Z2 SRR A LU N R SR AR S a0
Kl 3FR, R G AR P DL ECRIR R st R
Gk, MRRREMAZ N HEMEERS . K

, ol s I R A PR SR R e, W T A
i if; iﬁ? A R R — R AR, Hop
IRFS 72 5 NN
5 Jrik 2 EW K TR SR B S8 1]k, 7R3
¢ Jrik2 LET HEAZ T R T EAR A
o S S 3
\\- E
4@\/&@ B S ‘$-<:
o S S } .
KifEiE R 4 | RAEERS
@ Ui Q s Jip
— L | e
B3 ANZSEREHSENRLLEN

Fig.3 System structure of typical multi gas source mixed gas supply network
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Fig. 4 Schematic diagram of pipeline MSNGP structure
x5 ARKESRSH
Tab.5 Gas quality parameters of different gas sources
I FIRS 53 %
CH4 C2H6 C3Hg Hz He Nz C02
I 94.53 0.41 0.07 0 0.02 2.73 2.24
L 92.82 3.88 0.60 0 0.02 1.20 1.13
I 95.21 2.45 0.34 0 0.02 1.35 0.63

Fo6 SEEMEERMSEHNGDR

Tab. 6 Gas source pressure setting and gas supply capacity boundary classification

SR S J1/MPa HEARES TR/ (10* m?-d™")  fISEES LB/ (10% m3.d1)
I 7.20 1890
L 7.20 900
I 4.50 1 850

B MSNGP 2645 e Sl S e B AR [F] 2L

s L URARIL, IR I ERAIE A . 75 7 3
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FEA S, B FEAR LISt B sh ALK 3, 265 4
Pl KI5 5124 7 200, 11 000 1 15 000 kW 3 3
ANEER, 25 RS E SHANR 7 PR, TSR
bR RIS R, B, BA SR EE A
], 2 AL R E AR Beah, MR Mis 1T
INEILE 2020 4F £ A 77 s AT i TR R g dlis
T3 EB0H 0.56 76/ (kW-h) .

DLz 8 18 78 2020 4F Fk 2= B — K 9 3t 4 58
Priz 47 T00 R BT B AF 98, 24 H %38 W 55
4 214.57x10* m?, T UE & AT R A
WE SER, JEfE R P2 SR T R 8
FiEose Horb, S350 5 Dy BRI R S AME T
4 MPa,

MR H 25 S A B L PR A E & &, 455

800
600 F

400 |

RiftE/ (10°'m™d ")

il

200 f

/TR

2020 AF Aix ol A< B 45 1B SR WA AN R 2R DA B 2019 4FE R
A3 5 T VR R SR AL 10l 4% A9 8 2 O Bl A A%
(2019562 %), i (2)~ K@) HEAR T ET
FIRFIGE, ot SR B A% , A ilink 9. 3 10
B 6 iR, NEJTE T KRR M AR, AT
AR R S5

x®7 BEESHRESHY

Tab.7 Configuration parameters of each compressor station
FAC J?éﬁ‘m JEAFHLER %ﬁ%%iﬁ/ Eﬂﬁ
B IR (r-min~") WEN

1 [l 7200 4412~7 127 2+1

2 Bt 7200 5873~9 487 2+1

3 LNy 15 000 8 048~13 001 3+1

4 B 7200 4412~7 127 3+1

5 B 11 000 5633~9 099 2+1

6 B 7200 4412~7127 3+1

7 B 11 000 5633~9 099 2+1

AANUTINRTRTNRTNNINIRNNNNNNY

B5 HWTAEkSE
Fig. 5 Gas demand of nodes

®8 THERRAPSERSHRFR

Tab.8 Downstream non-resident users and their requirements for gas quality

GixTREDSY i laksit SAEER/(10° mP-d) AT R
Dy G 233.99 PE S EAMET 36.00 MI/m?
D, Tk 1.99 PUH E KT 36.00 MI/m?
Ds BT 663.04 S AT 93%
Di3 Tk 37.03 E S BT 36.80 MI/m?
Dy TR 43.25 FheE AT T 94%
Dss Tl 68.79 PUH EFAME T 36.80 MJ/m?
Dag Tk 37.29 P E AT 36.80 MI/m®
Dy Tl 176.04 PAE S HEAIET 36.80 MJ/m?
£9 RRSWSME
Tab.9 Purchase price of natural gas JT/GI
KI5 VED! W2 %3 VEX: HES ELS
I 37.71 37.73 38.61 37.16 37.20 38.95
I 37.71 37.73 38.61 37.91 37.96 39.75
I 37.71 37.73 38.61 37.55 37.59 39.36
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Tab. 10 Pipeline transmission price of natural gas J6/(GJ-km)
(este sl HHER  EEAA FE1 UEY) FES3 VEX FES T 6
ok T, Ts 0.0104 0.0104 0.010 6 0.0103 0.0103 0.010 8
: Ts Dy 0.010 4 0.010 4 0.010 6 0.0103 0.0103 0.010 8
T, D, 0.010 4 0.010 4 0.010 6 0.0102 0.010 2 0.010 7
D, D; 0.010 4 0.010 4 0.010 6 0.0103 0.0103 0.010 8
Te Ts 0.010 4 0.010 4 0.010 6 0.0103 0.009 6 0.0100
5224 Dy Dyy 0.010 4 0.010 4 0.010 6 0.0103 0.0103 0.010 8
Dy Dy, 0.0104 0.0104 0.010 6 0.0103 0.0103 0.010 8
Dy, Dy 0.010 4 0.010 4 0.010 6 0.0103 0.0103 0.010 8
Dy, Dys 0.010 4 0.010 4 0.010 6 0.0103 0.0103 0.010 8
60

3 55| RN RN N

R PP o0

< 50

\:E[ P P9I PP PP IOPIPIIOPOE

leﬂr’ "R e %2

& 45 TIR3 v JiR4

w * HES Ji%6

ol

,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,

Sy R

Blo6 RASHEME

Fig. 6 Sales price of natural gas
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BRHESCRE 1850104 mP/d #HATHES, AT LATER 5
TR M A 1 () B R AR A e A R R e
A

T RRINBITSHUNER 12 P, i HReRE
THER RGBT ST, Liess 3y
B R/ Sy W N [ P B === -l -
PR AR, (4R (388 s 3 A —E ek
A5 RYEPLALES R T o AP RASR 3G = 1) 7
1~ R 3 HAMRIHEET X KA ¢ FFHL
2H8. L3 6. .Co L2 5.Cs FFHL 3 5. Cs
FHL2 55 2) R 4~ % 6 HA MR E .
RS C, FAHL2 &L C3 FFHL 3 7. Cy FFHL 265 . Cs
L2 5. C; THIL3 &, Hr, ¢ G Btk Az
170 TERBEIT I FROILILEs R, AR Cy F1

Cs Aby=tEf iy, 2 9.85 MPa, iA % i B Y4
BV RIs TR T o

AR P R AN & 7 B, FE45 T 5
e, R Co~Cs AR I HLES B AR R e,
Hr, Cy F1 C3 A IRAFHLIEE AR T B S Pras 1Ty
FRAELIE 3, IR pL IR A, e ¢y A1 Cs 4k
FEGRPLE RS T B LRIt I %6, IRl I
WA TT% 4~ 75 6 e 2 P IRTTEC, 55 1
MR T7 AL, Co Ab B EAFHLEE AL, (H T
PIARNIE R D7 b & IR TP AL S BORTR], e
FARI R A2k B3R BRI 0 B RLSR SR RO AN
i 7 PRI B, (ESR AR SR8 42 Jm e DL, i IToR
fRAE R AT, P, T RS B S P SR 1 4= 2k
HaTJ5

*11 BEREHSE
Tab. 11  Supply volume of each gas source 104 m3/d
o wmﬁﬁ g
WA % %2 Ii% 3 Ji% 4 D% s % 6
I 167929  1464.59 1 464.59 1 464.59 1572.68 1572.68 1572.68
L 884.85 900.00 900.00 900.00 791.91 791.91 791.91
I 165045  1850.00 1 850.00 1 850.00 1 850.00 1 850.00 1 850.00
xR 12 FHREESWETSH
Tab. 12 Operating parameters of compressor stations on the main pipeline
BIOFREMIE RS FGEEE #HSEI/MPa HFSES/MPa KL RSP E) (rmin!) LR AW
1 0 7.20 7.20 1.00 0 0
2 1 6.66 8.12 122 8 105.42 4159.04
3 4 4.50 8.12 1.80 11 041.50 6205.50
G EE 4 2 6.84 8.63 1.26 4569.27 326528
5 2 6.30 9.03 1.43 5061.52 5685.20
6 0 8.31 8.31 1.00 0 0
7 2 6.76 9.24 1.37 4761.43 6 847.28
1 0 7.20 7.20 1.00 0 0
2 2 6.59 8.24 125 5873.00 2370.39
3 3 4.50 8.55 1.90 10611.82 6091.38
TR~ FES3 4 2 7.37 9.85 1.34 4772.08 7 045.96
5 3 7.08 9.85 1.39 5633.00 5290.65
6 2 8.69 9.41 1.08 451892 1792.85
7 0 8.07 8.07 1.00 0 0
1 0 7.20 7.20 1.00 0 0
2 2 6.59 8.24 1.25 5 873.00 2370.39
3 3 4.50 8.55 1.90 10611.82 6091.38
FHEA~TFE6 4 2 7.37 9.85 1.34 4772.08 7 045.96
5 2 7.08 9.85 1.39 5633.00 7935.97
6 3 8.69 9.41 1.08 4412.00 1195.23
7 0 8.07 8.07 1.00 0 0
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Fig. 7 Comparison of compressor speed in each compressor station of
the main pipeline
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Fig. 8 Pressure along main pipeline
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Fig. 9 Calorific value of main pipeline node
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HAR 2 B 4 SR AR W [ 45, A8 i R AR A
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e FH A 5L o A R 2018 4F Al R — 28 R b o
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Tab. 13 Node parameters of non-resident user

BITHSE A ME/MImT) BREERE%
D, 36.35 93.90
D, 36.35 93.90
D; 36.35 93.90
SN Dis 36.85 94.60
Dy 36.85 94.60
Dss 36.85 94.60
Do 36.85 94.60
Dy 36.85 94.60
Dy 36.24 94.00
D, 36.24 94.00
D; 36.24 94.00
R 4 B 6 D3 36.80 94.70
Dy 36.80 94.70
Das 36.80 94.70
Dy 36.80 94.70
Dy 36.80 94.70

* 14 BEEERAREM., ESWEFFE
Tab. 14 Pipeline operation cost, gas sales revenue and profit
B L T — T R
FERIRBITA WA B A
WAHBIT TR 81.25 5858.28 1843.70 7 884.30 101.07
VE 3! 76.02 5839.47 1832.99 7863.28 114.80
T2 76.02 5842.57 1832.99 7867.29 115.71
VEE 76.02 5978.84 1868.24 8051.29 128.19
VEX 76.02 5793.87 1812.70 7793.55 110.96
VEE 76.02 5800.35 1 806.50 7801.56 118.68
VEX) 76.02 6 073.46 1891.61 8170.33 129.24

7 4 it

D) AR Be R T RS B A 25 R 1
TG EBRB TS, b, R 6 P AEMNEE
iz B A B, O 129.24 JT0C, WIgEtT T R
i1 28.17 106, $Ei T 27.87 % HIFIIE

2) TEASIEE B DA T SORAS | 5 AR
FEA BT AR 50 3] 5 L 75% . 24% F 1%, 1
SAEE B EWASRH T e, 3%
Z BN IR M AR FBAE 25 G52 5 B
AR TR A 18 17 AR 32 30 45 SRS 1 [R] 432
S

3) R R RARR )T, &R 52 2 T iF
T AP R ELESE A, T AMRS AT Ui

PRSI E , 35717 AR IR THE 5
19 R B N A R

4) TEfilE Bz 87 S0, ia B R AR AR
FURRT R A, LSRR AR PYE R IR
HLI AR AR A IR BEA T I, O A i il
AT s4TAS , DL B e Ol e, BRI
EZE ALY, DL s B R R A
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