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Fig.1 Diagram of AC-DC distribution network
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Fig. 3 Solving process of robust optimization model
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Table 3 Active power of VSCs

1k VSC1 VSC2 VSC3 VSC4 VSC5
Fik1 0.426 0.095 —0.327  0.120  —0.259
Wik 2 0.566 0.096 —0.435  0.124 —0.299
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Table 4 Sensibility analysis of prediction errors
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Fig.7 Fluctuation interval analysis of renewable
energy resources
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Table 5 Analysis of branch loss limit
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Robust Optimization Method for Droop Slopes in AC-DC Distribution Network Considering Fluctuation

Interval of Renewable Energy Sources

SUN Fengzhou', LIU Haitao*, CHEN Qing®, YU Miao', WEI Wei'
(1. College of Electrical Engineering, Zhejiang University , Hangzhou 310027, China;
2. China Electric Power Research Institute, Beijing 200192, China;
3. State Grid Jiangsu Electric Power Co., Ltd., Nanjing 210024, China)

Abstract: In order to deal with the uncertainty of the output power of renewable energy sources (RESs), this paper proposes a
robust optimization method for voltage source converter (VSC) droop slopes in AC-DC distribution networks considering
fluctuation interval of RESs. The proposed method aims to minimize the network loss under expect scenarios while ensuring the
system robust security. The optimization model is solved by the column-and-constraint generation (CCG) algorithm. Besides, V 2-
P and V2-Q control are proposed in the droop control schemes to guarantee the linear feedback characteristic, therefore the sub-
problem could be transformed into a mixed integer second-order cone programming (MI-SOCP) problem. Furthermore, to increase
the accuracy of second-order cone relaxation in the sub-problem, a branch loss limit strategy is designed. By solving the maximum
branch loss optimal power flow problem, the maximum possible branch loss is pre-identified, and a series of branch current limit
constraints are added to the sub-problem to restrain the feasible range of the branch current. Numerical simulations suggest that the
proposed optimization method can improve the system security with little extra economic cost, and the proposed branch loss limit
strategy can improve the searching ability of the sub-problem for the extreme scenarios. Therefore, the reliability of the
optimization results can be enhanced.

This work is supported by National Key R&.D Program of China (No. 2018 YFB0904700) and State Grid Corporation of
China (No. SGDK0000PDJS1806935).

Key words: AC-DC hybrid distribution network; droop control; slope optimization; second-order cone relaxation
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Table B2 The day-ahead forecast data of PV

LU AL JefR 71/ kW ELUL A JefR 1 /kW
3 1200 10 600
7 1700

BHLAT KL JefR A1 /kW AW AL Jefk A1 /kW
9 1080 37 3300
14 1440 47 3510
18 1 200 59 3510
30 3000 71 2340
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Table B1 Optimized reference points

VSC1 VSC2 VSC3 VSC4 VSCs
P.i/pu. 0.359 0.096 -0.372 0.151 -0.255
Quef /pu. 0407 0.177 0.182 0.340 0.294
Vet /pu. 1,030 1.027 1.038 1.022 1.041

TR IsE B PN T R T £ fer 2 B0 3R B3 BT o

RB3 EBEMARFMSH

Table B3 The parameters of loads of the distribution network

B A A G/ KW T G/ kVar|| B R A DB/ kW R A /kVar
1 900 / 6 1000 /
2 500 / 9 800 /
3 200 / 11 570 /

R B I /KW JET) gk Var || ST R A D/ kW JET ff /kVar
2 1080 300 40 1400 567
5 663 270 41 1575 637
6 690 240 44 360 144
7 690 240 46 540 208
9 570 150 47 648 252
10 405 171 48 360 144
11 420 156 49 475 216
12 339 129 51 486 205
13 525 240 52 504 187
15 396 180 53 406 154
16 420 159 55 630 288
18 480 240 56 475 216
19 570 120 57 504 190
20 360 375 59 795 972
22 480 135 60 648 216
23 240 135 62 486 198
24 540 141 63 504 234
25 360 114 65 475 216
27 480 120 67 540 241
28 690 270 68 576 244
31 1400 553 69 795 324
32 1120 528 70 828 324
33 1750 700 71 648 216
34 2 800 630 72 486 198
36 2100 367 73 504 234
37 1190 420 74 630 288
38 1400 525 75 829 288
39 1750 280

http : //www.aeps-info.com 11



XXXX, XX(XX) * XXXX -
Bt % C

LG AR TN ) B SN Sk CFTR .

®C1 ETEHMNHENXARENBESS
Table C1 Short-term forecast data for PV stations

AC A AC B
b 5
PV1/pu.  PV2/pu.  PV3/p.u. PV4/p.u. PV5/p.u.
1 0.113 0.151 0.126 0.315 0.347
2 0.112 0.138 0.132 0.341 0.345
3 0.111 0.163 0.119 0.322 0.323
4 0.121 0.148 0.134 0.337 0.339
AC_C DC
L2775
PV6/pu.  PV7/pu. PV8/pu.  PV9/pu. PVIO/pu.  PVI1l/p.u.
1 0.369 0.369 0.246 0.139 0.196 0.069
2 0.376 0.342 0.265 0.149 0.193 0.064
3 0.368 0.333 0.240 0.137 0.183 0.074
4 0.359 0.334 0.223 0.142 0.200 0.066
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