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Probabilistic continuous hybrid flow method for electricity-gas coupling system
integrated with DFIG wind farm and its load margin analysis
MA Rui, QIN Jiagian
(School of Electrical & Information Engineering, Changsha University of
Science and Technology,Changsha 410007, China)

Abstract: Aiming at the problems of the maximum load margin and its coupling effect of the electricity-gas
coupling multi-energy flow system integrated with DFIG (Doubly-Fed Induction Generator)-based wind farm,
based on the dynamic characteristics of natural gas pipeline network, the continuous hybrid flow models
with parameters are established considering DFIG steady-state model and EH(Energy Hub). The SRSM/(Sto-
chastic Response Surface Method) is used to fit the output of DFIG, combining prediction-correction and
the alternate iteration of electricity-gas coupling system, the active power-voltage curves of the electric po-
wer system load nodes,the natural gas flow-gas pressure curves of natural gas system and their expected
load margins are obtained. The voltage-load sensitivity and gas pressure-natural gas flow sensitivity are de-
fined, which can be obtained with the active power-voltage curve of the electric power system load node
and the natural gas system flow-gas pressure curve of natural gas system respectively. In the electricity-gas
coupling link, the sensitivities of natural gas system node pressure-injection electric power of EH node and
the electric power system node voltage-natural gas injection flow of EH node are defined,based on which,
the EH coupling degree and the weak nodes of electric power system, natural gas system and electricity-
gas coupling link can be evaluated quantitatively. Simulative results of the electricity-gas coupling system,
coupling with the IEEE 14-bus system with DFIG-based wind farm and the 22-node natural gas system
through 11 EHs, verify the correctness and effectiveness of the proposed model, algorithm and the defined
load margin sensitivity indexes.

Key words:electricity-gas coupling system;dynamic characteristics;sensitivity analysis;stochastic response sur-

face method;continuous power flow;doubly-fed induction generator;load margin
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Fig.B2 Structure of natural gas network

#& Bl EH # CHP B2
Table B1 Capacity of CHP in EH

EH CHP%®&E | EH CHPAE | EH CHPAER

EH, 0.40 EHs 1 EHo 1
EH> 0.65 EHe 0.30 EHio 0.80
EH; 0.45 EH, 0.80 EHn 0.75
EH4 0.70 EHg 1

VE: P CHP 58 N 4 MH.
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Table B2 Voltage-load sensitivity matrix expectation of electricity power system

L E AL A9 REUY 1 8 10 R BgUE
1 H I R 50%IIf 7 55 Il 5t A I R 50%IIfi 5 54 Il 5t A
2 0.0022 0.0024 5.5472 0.0144 0.0154 5.1882
3 0.0142 0.0158 2.1834 0.0052 0.0086 0.7904
4 0.0012 0.0014 41216 0.0094 0.0090 4.2844
5 0.0084 0.0094 0.8562 0.0032 0.0052 0.9054
6 0.0034 0.0028 2.2536 0.0264 0.0262 5.9770
9 0.0018 0.0556 8.8858 0.0086 0.0126 2.1874
10 0.0076 0.0050 5.4092 0.0522 0.0656 10.559
11 0.0280 0.0336 3.7060 0.0198 0.0262 0.2096
12 0.0028 0.0002 7.2690 0.0548 0.0592 15.885
13 0.0100 0.0176 3.7596 0.0080 0.0120 0.5666
14 0.0246 0.0298 1.8860 0.0360 0.0386 14.024

E: RPRRESEIR LE, R,
% B3 RASRKER KERWEEEHLE

Table B3 Air pressure-gas flow sensitivity matrix expectation of natural gas system

JE AR fk 19 REUY 1A 10 REE
1R I R 50%IIf 7 55 I 5 55 I R AT I 5 55
2 0.0013 0.0013 1.2603 0.0010 0.0012 1.2290
3 0.0012 0.0018 1.1757 0.0011 0.0012 1.1790
4 0.0018 0.0036 1.8150 0.0019 0.0018 1.8600
5 0.0022 0.0043 4.3407 0.0042 0.0031 4.1973
6 0.0022 0.0056 5.5627 0.0033 0.0054 5.3767
9 0.0021 0.0082 8.2000 0.0035 0.0066 6.5623
10 0.0021 0.0066 6.5623 0.0038 0.0074 7.4003
11 0.0030 0.0036 3.6393 0.0037 0.0038 3.7570
12 0.0023 0.0054 22783 0.0023 0.0023 2.3417
13 0.0035 0.0087 2.0967 0.0021 0.0021 2.1530
14 0.0021 0.0021 3.5410 0.0038 0.0097 3.8100

R B4 RRSRGHOTREREH TRIENBNERKEHEE

Table B4 Air pressure of part node in natural gas system- injection power of EH node sensitivity expectation

JE 5 W9 REU¥ 50510 R 505 11 REGUE 12 REUE

?ﬁ YIdGS S0%IGF M WA A WIdRS S0%ImS A IESA S WIMEAL S0%IESAS A WIS S0%IRF A IRAA
2 0.0011 0.0012 27736 0.0072 0.0077 2.5941  0.0025 0.0030 14614  0.0071 0.0073 2.4578
3 0.0071 0.0079 1.0917  0.0026 0.0043 0.3952  0.0083 0.0099 1.2904  0.0011 0.0028 0.0626
4 0.0006 0.0007 2.0608  0.0047 0.0045 21422 0.0015 0.0018 0.9845  0.0042 0.0043 2.0964
5 0.0042 0.0047 0.4281  0.0016 0.0026 0.4527  0.0048 0.0058 0.6534  0.0007 0.0018 0.2481
6 0.0017 0.0014 1.1268  0.0132 0.0131 2.9885  0.0040 0.0042 0.2107  0.0117 0.0123 2.3244
9 0.0259 0.0278 4.4429  0.0043 0.0063 1.0937  0.0137 0.0167 23173 0.0018 0.0039 1.3086
10 0.0038 0.0025 3.6345  0.0311 0.0328 7.9428  0.0092 0.0080 2.6434  0.0275 0.0307 6.6308
11 0.0140 0.0168 1.8530  0.0099 0.0131 0.1048  0.0328 0.0402 47048  0.0040 0.0076 0.8024
12 0.0014 0.0001 2.7046  0.0274 0.0296 7.0123  0.0035 0.0014 1.0783  0.0276 0.0312 6.4762

13 0.0123 0.0149 1.8798  0.0040 0.0060 0.2833  0.0289 0.0361 42494 0.0254 0.0316 2.2494
14 0.0050 0.0088 0.9430 _ 0.0180 0.0193 5.2798  0.0117 0.0204 1.9077 __ 0.0284 0.0352 6.2274

£ BS BAORGMATEBE EH TRRRRINRERYEHRLEE

Table B5 Voltage of part node in electricity power system-EH node natural gas injection flow sensitivity expectation

s A I W9 REUE 50510 R 505 11 REGUE W12 RE¥
Ytk 50%Iifi 7t Il 5 Ytk 50%Iifi 7t [ Ytk 50%lf 7t [ Wik 50%lif A Il 5
HAs = = = = = J= = = J=! J= = =

2 0.0004 0.0004 0.3781  0.0003 0.0004 0.3687  0.0003 0.0004 0.3880  0.0003 0.0004 0.3862
3 0.0004 0.0006 0.3527  0.0003 0.0004 0.3537  0.0003 0.0004 0.4392  0.0003 0.0005 0.5403
4 0.0005 0.0011 0.5445  0.0006 0.0005 0.5580  0.0006 0.0008 0.7732  0.0005 0.0011 1.0562
5 0.0007 0.0013 1.3022  0.0013 0.0009 1.2592  0.0011 0.0012 1.1656  0.0007 0.0011 0.7343
6 0.0007 0.0017 1.6688  0.0010 0.0016 1.6130  0.0011 0.0013 1.1285  0.0007 0.0014 0.7108

9 0.0006 0.0025 2.4600  0.0011 0.0020 1.9687  0.0011 0.0015 1.0918  0.0007 0.0018 0.6835
10 0.0006 0.0020 1.9687  0.0011 0.0022 22201  0.0011 0.0017 1.1271  0.0007 0.0018 0.7025
11 0.0009 0.0011 1.0918  0.0011 0.0011 1.1271  0.0011 0.0016 1.6151  0.0009 0.0010 0.9871
12 0.0007 0.0016 0.6835  0.0007 0.0007 0.7025  0.0007 0.0010 0.9871  0.0006 0.0020 2.0083
13 0.0006 0.0026 0.6290  0.0006 0.0006 0.6459  0.0006 0.0009 0.9033  0.0005 0.0016 1.6353

14 0.0011 0.0006 1.0623  0.0011 0.0029 1.1430 _ 0.0011 0.0020 1.1300 _ 0.0007 0.0009 0.6940
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