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Fig.3 The calculation process of integrated method
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Table 1 Calculation results of compressors
with integrated and equivalent method

T L LN SEROK it
7¢/MMCFD  H./kW  7o/MMCFD  H./kW
1 0 69.000 0 69.000
2 0.006 22.978 0.006 22.978
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Table 2 Calculation results of EHs with
integrated and equivalent method
EH #i A . SRR RO i
it EH1 EH2 EH3 EH1 EH2 EH3
S/MMCFD 0.132 0.201 0.106 0.132 0.201 0.106
o/MW  0.810 0.782 0.275 0.810 0.782 0.275
P/MW 0.457 0.814 0.369 0.457 0.814 0.369
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Table 3 Unbalance value with integrated
and equivalent method

B ASR R ANT-f EROR AP it
A — o
0 970.163 0 1317.4870 712.3410 495.1140
10 34.772 0 15.810 0 0.030 8 12.964 0
20 0.064 4 0.028 3 0.001 3 12.956 0
30 0.001 2 0.000 5
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Fig.6 Relation between convergence precision and
computing time of integrated and equivalent method
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Table 4 Comparison of computing time between
different working modes of compressor
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Table 5 Parameters of energy hubs
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Table 6 Driving mode and working mode of
compressor under different scenarios
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Table 7 Power flow calculation results in scenario 1
IR AT 0 AR
FAE I UVpu BE  m/(kgs™')  THA a/psia
Bsl 1.060 n 9.173 Gsl  600.000
Bs2 1.045 2 9.174 Gs2  500.094
Bs3 1.010 3 9.187 Gs3  500.055
Bs4 1.038 14 9.186 Gs4  444.761
Bs5 1.038 5 9.188 Gs5  489.238
Bs6 1.070 16 9.186 Gs6  459.048
Bs7 1.079 7 7.588 Gs7  519.146
Bs8 1.078 8 7.587 Gs8  399.294
Bs9 1.088 19 7.584 Gs9  479.294
Bsl0  1.084 110 7.584 Gs10  400.000
Bsll  1.077 11 10.536 Gsl1  450.831
Bsl2  1.070 12 -4.639 Gs12  250.925
Bs13  1.071 13 -23.013 Gs13  260.552
Bsl4  1.079 14 -41.386 Gsl4  209.724
115 -59.734
116 -25.703

*8 BE1EHNUEER
Table 8 Calculation results of compressors in scenario 1

EgHL fo/MMCFD  7./MMCFD  H./kW
1 66.858 0 252.327
2 55.000 0.072 264.155
3 66.726 0.133 488.883
4 54.930 0 258.286
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Fig.8 Node pressure of gas network in scenario 1,2,3
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Table 9 Calculation results of compressors
in scenario 2,3

Y2 Ykt 3
JEHiHL
7¢/MMCFD  Ho/kW  7o/MMCFD  H./kW
1 0 172.489 0 454.385
2 0.050  183.331  0.169  620.960
3 0.133  488.883  0.099  363.705
4 0 294.710 0 479.027

FEdse 4 v EGEHL 3 SO M DTICS, AT
Yo 1,301 U1 T8 0.736 psia, 4L
S THER K 3.232 kW,
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Fig.9 Node pressure of gas network in scenario 1,5,6
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Fig.10 Voltage phase angle of power
grid in scenario 1,5,6
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Table 10 Calculation results of EH in scenario 1,5,6

EH#i A . 5759 575 -an] 75
i EHl EH2 EH1 EH2 ©EHI EH2
//MMCFD  1.655 1.723 1.724 1.602 1.510 1.975
®/MW  14.995 6.450 16.429 5.030 12.024 9.415
P/MW 5739 6.972 5982 6.482 5.237 7.992
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Distributed algorithm for the power flow calculation of gas network in integrated

energy system considering different operation states of compressors
CHEN Maoyun' , ZHENG Jianyong'*, MEI Fei’, WU Jianzhang’
(1. Suzhou Research Institute of Southeast University , Suzhou 215123, China;

2. School of Electrical Engineering,Southeast University , Nanjing 210096, China;

3. College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, China)

Abstract : The change in the operating state of the compressor will cause the variety of working conditions in gas network

affecting the steady-state power flow of electric-gas-heat integrated energy system. In order to calculate the gas network power

flow of the comprehensive energy system under different operation states, the sub-networks and energy coupling links of

integrated energy system are modeled respectively. Considering five working modes and two driving modes of the compressors,

based on Newton-Raphson method, an integrated power flow calculation method which reserves the pipelines of compressors is

proposed and an equivalent solution method which separates the pipelines of compressors is developed for gas network with

multiple compressors under different operation states. The power flow of integrated energy system is calculated by distributed

algorithm. The accuracy and effectiveness of the proposed integrated power flow calculation method are verified through two

examples ,which remedies the disadvantages of existing power flow calculation models of gas network that cannot deal with

complex working conditions in gas network and lack convergence and universality. Then the impacts of the change in compressor

operation states on power flow of integrated energy system are revealed.

Keywords : electricity-gas-heat integrated energy system; steady-state flow; compressor operation states ; natural gas network ;

distributed algorithm ; Newton-Raphson method
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