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Abstract: China’ vigorous promotion of the construction of LNG import and LNG receiving stations, will from will form a
natural gas pipeline network structure mainly for LNG and PNG supply in coastal cities. This research is aimed at the problem of
collaborative LNG and PNG supply of natural gas pipeline network design optimization. On the basis of pipeline network design
optimization, the influence of collaborative LNG and PNG supply on the pipeline network is included in the constraints, and the
lowest annual equivalent cost is the objective function to establish a general MINLP model for the design and optimization of the
natural pipeline network of the mixed gas source of LNG and PNG. Taking a coastal area as an example, two solution strategies,
hierarchical optimization and overall optimization, are proposed to solve the above model. In the first stage of hierarchical
optimization, the layout optimization will take the minimum flow length and the objective function line, and the mathematical
programming solver GUROBI for solution, and in the second stage, the mathematical programming solver CONOPT is used.
The overall optimization uses incremental piecewise linearization to linearize the pressure drop constraint, and the mathematical
programming solver DICOPT for solution. Finally, two pipeline network design schemes of hierarchical optimization and
overall optimization were obtained. The analysis found that the overall optimization solution time was longer than that of
hierarchical optimization. The annual equivalent cost of overall optimization was reduced by RMB 7.4916 million per year, a
decrease of 1.41 %, which verified the reliability of the established general model, and can provide a reference for the design of
the natural gas pipeline network for the collaborative supply of LNG and PNG.
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Fig. 1 Natural gas pipeline network for the collaborative supply
of mixed gas sources of LNG and PNG
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Fig. 6 Comparison of overall optimization and graded
optimization costs
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Fig. 7 Hierarchical optimization of pipeline network structure
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Fig. 8 Overall optimization of pipeline network structure

S PAAL S — By Bl o i K AR/ ME A B
b BRECEA T WA Ry i, A9 B /N K B R
40 314.81 km-kg/s, MiAREEEARPL AL BETHE5 A,
WK 51 340.07 km-kg/s, HE AR T
A R 2 B AR T or gt Ab, T B R Ty
BN BA NS HNE, (A5 R R
BB W2, DU & 28 e/ IME R B AR iR
R MR ERN R, ERESEH, T8 12
A7 A5 13 A9 LNG 5755 1 /9 PNG HER, i T35
12 570955, 13 (Al B A, 5 5 13 S8R ] 19 44, 12
R, AR K 25.00 kg/s, T PNG 4k 7 i [
ik 5.00 kg/s, AT RFARAE W =L %¢. HH T K%
SEFNER LR, IRA SR FEHE R AT, LNG [ H
BN 2T 67.71%, Mk, ik i % et
RS AT, W59 25 12 9 LNG B & B ok, B

19.92 kg/s, 1fii PNG 5 54 9.50 kg/s.
x3 SRR UBESHF

Tab.3 Hierarchical optimization pipeline parameter table

FE O RUEY OFURY AR BER/ RE/ it

W5 RS %S mm mm km (kg-s™")
P-F1 1 2 168 2.8 6.77 9.06
P-F2 1 3 864 12.7 122.51 180.94
P-F3 8 4 323 4.8 35.99 14.36
P-F4 4 5 219 32 10.53 7.18
P-F5 4 6 219 32 17.79 7.18
P-F6 8 9 323 4.8 53.83 14.13
P-F7 9 10 219 3.2 20.47 7.18
P-F8 9 11 219 3.2 28.87 3.58
P-F9 8 14 813 11.1 90.25 145.06
P-F10 14 15 813 11.1 22.23 135.56
P-F11 14 12 273 4.0 9.50 9.50
P-F12 13 12 273 4.0 8.00 19.92

R4 BERUAEESHE

Tab.4 Overall optimized pipeline parameter table

BB RN ORUEY O E& O REE/ KB/ R/

g mgiS 4T mm mm km (kg-s™")
P-Z1 1 2 168 2.8 6.77 9.06
P-72 1 3 864 12.7 122.51 180.94
P-Z3 8 4 323 4.8 35.99 14.36
P-Z4 4 5 219 32 10.53 7.18
P-Z5 4 6 219 32 17.79 7.18
P-Z6 8 9 813 11.1 53.83 159.40
P-Z7 9 10 219 32 20.47 7.18
P-Z8 9 11 813 11.1 28.87 148.64
P-79 11 14 813 11.1 83.48 145.06
P-Z10 14 15 813 11.1 22.23 135.56
P-Z11 14 12 273 4.0 9.50 9.50
P-Z12 13 12 273 4.0 8.00 19.92
4.5 EMES

RAMAFEN BT RIRAEHLR L 1.44, %
AT RN AIB 17T SR AEHLIE LE 1.40, 25719 ik
NZHRANE 9 FRRRE TR, 48 W 2R 1722 1k
e 9 P R

AR B R 84707 Z
EEARE 1340 3 MPa, ¥ 2 4 I B IR ) 22
Ko HIRAACE FT7 AL, SRR
TR, AT 9 T 10 A 11 B AT
s M TR AL, A AR E/IN, A8 R R A
B/l FBOZE LR, B LS AL i ™
AR FI71 S5 A7 55 10, ZER TR 017 45 15
FJ174 3.2 MPa, S FALALS BIHYE Mz 1775
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Fig. 9 Node pressure
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