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Technical and economic evaluation of AC and DC distribution based on flexible substation
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Abstract: With the advancement of distributed energy and power electronics technology. traditional rigid substations
can no longer meet the needs of users. AC and DC power distribution technologies based on flexible substations have
emerged and developed rapidly. As the node of energy transmission. flexible substations can improve the safe and sta-
ble operation level of power grids. In order to explore the technical and economic evaluation of AC/DC distribution
power systems considering the flexible substation, this paper considers the technical, economic, and social aspects of
AC-DC distribution network operation, through constructing a comprehensive evaluation index system firstly. Then
the index selection model is proposed based on the gray correlation clustering for analysis. Secondly, the preference
ambiguity and objective information of decision makers are taken into account to establish a comprehensive index
weighting model based on the fuzzy analytic hierarchy process and entropy weight method. In addition, the TOPSIS
method improved by the gray correlation is utilized to construct a transaction comprehensive evaluation model of DC

distribution networks. Finally, different distribution network operation scenarios are considered analysis. It is shown
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that the integrated evaluation model established in this paper can better reflect the true level of the evaluation scheme.

On the other hand, the AC/DC distribution network involving flexible substations for distributed power sources such

as the wind and solar power has greater technical and economic advantages than traditional distribution networks.

Key words: AC and DC distribution network; grey correlation cluster analysis; entropy weight method-fuzzy analytic

hierarchy process; grey correlation-TOPSIS
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Figure 1 Comprehensive evaluation process
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Table 2 Indicator raw data

] g
T i
KR 1 2 3 4
C AR 1.576 9 0.315 2 0.562 8 0.278 5
C: JRA 8.798 0 2.542 2 9.542 5 1.220 5
B Cs L& 99.899 6 99.982 4 99.643 1 99. 986 1
C, A 48.079 2 15.102 9 38. 267 9.088 6
Cs X [A] 20. 8 16. 4 22.3 25.6
Cs & 99.75 99. 87 99.8 99. 89
B C; e 8. 45 8.55 8. 825 8.975
Cs & 8.52 8.61 88. 88 9.2
Cy A 7.85 5.69 3.87 4,99
Cio JA 7.96 6. 84 9.85 8.12
bs Ch A 3.21 1.25 5. 41 2.53
Ciz & 2.75 4,87 5. 64 7.65
A, Cis X [i] 0.56 0.52 0.42 0. 39
Cuy & 99. 85 88. 89 99. 92 99. 95
By Cis e 99. 74 99. 85 99. 87 99. 89
Cis JRA 4,18 3.98 3.54 3.31
Cir X [f] 0. 65 0.74 0.62 0.59
Cis L& 99.63 99.72 99.75 99. 83
B; Cio JRA 3.75 3.2 2.59 2.31
Cao JA 4.52 4,24 3.85 3.37
Cxn JUA 5.85 6. 14 4.26 4.35
Co s 840 1080 1000 1200
Cos L& 24. 36 26. 86 28. 34 27.38
B Ca A 0. 421 0. 459 0.397 0. 643
Cas & 0. 362 0.468 0.553 0.673
Cs & 69. 86 78.56 74. 65 85.48
Cor WA 1062.5 673.5 998.78 1125.6
Cas A 23. 24 20. 32 21.25 16. 89
B Ca WA 8.84 7.52 6.87 5.49
A, Cso A 15. 54 14.25 16.7 18.45
Cy A 9.58 8. 86 8.05 7.59
By Ca s 163.77 155. 37 189. 74 205. 11
Cas i 14. 81 13.52 14. 61 15.01
Cy A 8.75 8.98 8. 88 8.92
B Css AR 7.65 7.89 8. 21 8.34
As Css L& 6.58 7.45 7.89 8.24
B Csr EyE 7.85 7.98 8.24 8. 64
Cis & 8.12 8.37 8.59 8.94
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Table 3 Comprehensive weight results
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WE RS : WIZE R _
TR 2 S AL LA TR 2 S AL LA
C, 0.0061 0.1035  0.021 1 Cs 0.0110  0.0216  0.007 9
B C, 0.010 3 0.087 3 0.030 0 Cos 0.017 9 0.004 1 0.002 4
1 .
Cs 0.0241 0.0131 0.012 4 5, Cor 0.0283  0.0407  0.038 3
C. ). 003 7 . 097 0.072 1
' 0. 003 00975 0.0 Cas 0.0051 0.0656  0.0113
Cs 0.008 8 0.0326  0.0096 Cu 0.0058  0.0077  0.0015
B, C; 0.0231  0.0008  0.002 6
Ca 0.1362  0.0447  0.2035
Cs 0.0051  0.0012  0.000 2
B, Cas 0.0750 0.0186  0.0867
Cy 0.0176 0.0818  0.048 2
Cso 0.0413 0.0118 0.016 3
Co 0.0305 0.0216 0.022 1
B. . _
’ Cn 0.0515 0.0863  0.048 6 Ca 0.1515  0.0104  0.0527
Ciz 0.0105 0.0877  0.100 8 B, Cs: 0.0505 0.0358 0.1254
Cu 0.014 7 0.003 3 0.001 6 Css 0.050 5 0.009 3 0.015 7
Cis 0.0111 0.0113  0.004 2 Con 0.0107 0.0001 0.0101
Bi.Bs Cis 0.0322 0.0074  0.0089
: ' Bo B Cyr 0.0195 0.0018 0.0012
Cio 0.0482  0.0504  0.081 2
Css 0.0354 0.0017  0.0020
Csp 0.0638 0.0609  0.069 7
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Figure 2 Evaluation results of each scenario
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Figure 3 Comparison results of different evaluation methods
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