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method with different numbers of linearization segment
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Improved multi-energy flow calculation method for integrated energy system
considering initial value optimization of natural gas system
WANG Shuping',ZHANG Shenxi', CHENG Haozhong', YUAN Kai*>,SONG Yi*,HAN Feng’
(1. Key Laboratory of Control of Power Transmission and Conversion,Ministry of Education,
Shanghai Jiao Tong University, Shanghai 200240, China;

2. State Grid Economic and Technological Research Institute Co.,Ltd.,Beijing 102209, China)
Abstract: Multi-energy flow calculation is an important foundation for the planning, operation and other
work of integrated energy system. The algorithm for solving multi-energy flow based on Newton-Raphson
method is quite sensitive to initial value,and there is a lack of effective method to determine the initial
value of natural gas system. Firstly, based on the steady state energy flow model of natural gas system,the
linearization model of flow equation of natural gas pipeline is established based on piecewise linearization
method. On this basis, the initial value optimization model of natural gas system is established to obtain
excellent initial value, and the linearized pipeline flow equation is used to simplify the complexity of the
model. Finally,combined with the traditional Newton-Raphson method,the improved multi-energy flow calcula-
tion method and calculation process for integrated energy system considering initial value optimization of
natural gas system are proposed. Case studies are implemented on two integrated energy systems with diffe-
rent scales. The simulative results show that the proposed method can effectively improve the convergence
and convergence rate of the algorithm,especially for large scale systems.
Key words:integrated energy system;improved multi-energy flow calculation;natural gas system;initial value

oplimization ; piecewise linearization
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Table B1 Convergence and convergence rate of GA-NR method and IPM-NR method with different upper and lower limitations
of node pressure constraint

Weslz= /% IR SR /s
Prn Pre GA-NR % IPM-NR % GA-NR#%  IPM-NR  GA-NR % IPM-NR %
0.90p p 100 100 13 7 0.672 0.566
0.85p p 100 100 24 8 0.722 0.590
0.80p p 100 100 33 12 0.726 0.620
0.75p p 98 98 44 16 0.734 0.648
0.70p p 84 90 69 36 0.766 0.708
0.65p p 60 78 84 40 0.788 0.739
0.60p p 36 68 91 66 0.799 0.757
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Table B2 Comparison of convergence and convergence rate of five algorithms with different load levels

COP i%°F
SR 1% AR UK KA 8]/ BT R
T ZI%
&/ W
L] WA
fi# NR GA-NR IPM-NR IVO-NR NR GANR IPM-NR IVO-NR NR COP GANR IPM-NR IVO-NR /A it
w% % % % % % % % % % % % % <K
Ko
B
V14 92 100 100 100 112 22 14 14 0171 9179 0697 0585 0406 016 0.28
U129 100 100 100 84 17 9 15 0164 9544 0673 0574 0409 019 030
1 100 100 100 100 49 13 7 17 0140 9374 0672 0566 0417 024 0.35
12 100 100 100 00 42 9 7 18 0135 9477 0671 0561 0425 040 041
14 100 100 100 100 32 8 7 22 0124 9358 0654 0547 0427 052 0.66
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Table B3 Convergence and convergence rate of IPM-NR method with different upper and lower limits of node pressure con-

straint
Prin Prra SR 1% NR 751540 B IPM-NR Y23 it i [l /s
0.95p p 100 95 15.405
0.90p p 100 109 27.933
0.85p p 100 117 43.421
0.80p p 100 139 67.432
0.75p p 100 150 89.345
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Table B4 Comparison of convergence and convergence rate of four algorithms with different load levels

B I% AR SR AR 1) /s
ﬁ;{;;%ﬁ/g NR ~ GA-NR  IPM-NR IVONR oo, GANR IPM-NR IVO-NR o GA-NR IPM-NR  IVO-NR

) % % % % % % % b P P
1/1.4 0 0 100 100 ENIE & 39 27 s AW 24.467 5.430
1/1.2 4 0 100 100 657 9 ENIE 96 16 100.633 Mgk 19.923 6.012
1 10 0 100 100 343 4 A sk 95 11 53.639 Atk 15.405 4.837
1.2 26 0 100 100 2193 AWk 48 14 33372 R 17321 4,865
1.4 42 0 100 100 1945 A sk 87 19 28665  Agsk 18344 4.985
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