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Adaptive robust optimization economic dispatch strategy for active distribution
networks considering photovoltaic uncertainty
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(1. College of Intelligent Science and Engineering, Harbin Engineering University, Harbin 150001, China;
2. Yantai Research Institute of Harbin Engineering University, Yantai 264000, China)

Abstract: To address the impact of photovoltaic (PV) output randomness on the economic performance of active
distribution networks, an adaptive robust optimization dispatch strategy based on Gaussian mixture model (GMM) is
proposed to reduce system operating costs. First, PV output is categorized into two scenarios: sufficient illumination and
insufficient illumination. GMM is used to cluster historical PV output data, generating the mean and standard deviation of
PV output uncertainty sets for different time periods under varying illumination conditions. Based on the PauTa criterion,
accurate uncertainty sets are constructed for each lighting condition. Next, an adaptive robust optimization dispatch model
is established with the objective of minimizing the total scheduling cost of the distribution network. The model fully
considers the uncertainty of PV output and uses an affine decision rule for solving, enhancing its adaptability to PV
fluctuations. Finally, simulations are conducted on an improved IEEE 33-node distribution network system. The results
show that the proposed model ensures system security while effectively reducing operating costs compared to traditional
interval and polyhedral sets, with lower conservatism in the optimization results.
This work is supported by the National Key Research and Development Program of China (No. 2019YFE0105400).
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I %1 /MW FriE 25/ MW F AR
00:00 0 0 1
01:00 0 0 1
02:00 0 0 1
03:00 0 0 1
04:00 0 0 1
05:00 0 0 1
06:00 0 0 1
07:00 0 0 1
08:00  0.154 498 01 0.034 187 37 1
00,09 1003623561 [0.000 897 64 [0.286 587 19

0.440 974 12] 0.073 467 1] 0.713 412 81]

lo.0p 1012827288 [0.006 418 98 [0.316 314 67

0.686 439 23] 0.110 386 27] 0.683 685 33]
Lo [0:23037885 [0.017 741 53 [0.375 737
0.914 627 86] 0.122 110 04] 0.624 263]
1.op 022104032 [0.013 554 23 [0.272 090 6
0.941 869 33] 0.160 919 95] 0.727 909 4]
13,00 10209061 44 [0.010 904 7 [0.244 961 16
0.949 492 07] 0.172 674 43] 0.755 038 84]
oo 1017450073 [0.008 351 89 [0.248 466 59
0.918 823 98] 0.168 780 37] 0.751 533 41]
1s.0p 010154447 [0.003 507 41 [0.242 950 34
0.823 632 33] 0.162862 1] 0.757 049 66]
le.op 1003202323 [0.000 761 09 [0.250 885 02
0.682 330 91] 0.143 813 56] 0.749 114 98]

17:00  [0.377 605 8] [0.143 813 56] 1
18:00  [0.2395727] [0.072 547 64] 1
19:00 0 0 1
20:00 0 0 1
21:00 0 0 1
22:00 0 0 1
23:00 0 0 1




705, GE

25 REOGARANA 5 1 14 2 S LI 3 I 5 R DA 22 B 1A R SR - 99 -

5.2 HEERLL 2
5.2.1 TRy EEX LA G5 R IR

LA GMM Z A A E 0], fRE A iR eF
JE FTBUE N B PR BT EE A R I . OR Sy U
R, WEERWONIRT, ARETFAEREN; B
AL/ ANRETE 73 S R AN 5 1 25 1R JEE i SR XY 52T
MR 2TTDEN, B L, BEERTEAEN, &
FL DR P A A G . X RO R ST 2T

XF L AN S BRI SR N T8z, T B R DGR Y
JIDKTESER, AN T B SR, e R SR e R
T SR G2 AR BN, iR L A R R A 5
JEHEANTE R AT H IS R B A i i T I e
RS B H AT A BE RS, XA DR A2
/b, T L R i B A R R R R 4 R T RO
NS H A A N .

® 2 FRERFH TRTEXEHE R ARSI

Table 2 Impact of conservatism on scheduling costs under different lighting conditions

v T—— —————
o AR - W§ME%MW$i%H ﬁi WSO ATHROGE A
A A [B%N 7T
1 2960.04 1974892  820.00 709.16 6841.66 250.00 6520.81 650.00 4733.81 43 234.41
2 2960.04 19721.37  820.00 709.16 7442.17 250.00 6013.72 650.00 4692.67 43 259.13
3 2960.04 19507.39  820.00 709.16 742551 250.00 6348.37 650.00 4645.29 43 315.75
o
R 4 2960.04 1911443  820.00 709.16 762091 250.00 6558.17 650.00 4711.26 43393.96
5 2960.04 18 883.33  820.00 709.16 7932.18 250.00 6602.05 650.00 4661.30 43 468.06
6 2960.04 19065.84  820.00 709.16 7801.77 250.00 6850.46 650.00 4390.63 43 497.90
1 2960.04 19918.80  820.00 763.71 9247.68 250.00 7240.39 650.00 4801.48 46 652.10
2 2960.04 19878.59  820.00 763.71 9237.68 250.00 7347.71 650.00 4791.27 46 699.00
3 2960.04 19 882.43  820.00 763.71 9254.82 250.00 7388.47 650.00 4740.39 46 709.87
.
PRk 4 2960.04 19869.14  820.00 763.71 925429 250.00 7405.16 650.00 4740.48 46 712.82
5 2960.04 19858.25  820.00 763.71 9231.60 250.00 7440.92 650.00 4740.33 46 714.86
6 2960.04 19829.08  820.00 763.71 9267.97 250.00 7468.21 650.00 4720.24 46 729.26
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Table 3 Impact of uncertainty sets on scheduling results under different lighting conditions (/"= 6)
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Fig. 7 Active power output diagrams for different uncertainty sets under sufficient lighting conditions
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Table 4 Scheduling results of different affine

decision rules (I"= 6)
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Table A1 Equipment parameters of distribution network

W ZH Bl
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B K B Th 2 /MW 1.5933, 0.833
B/ NEATHE)/h 6,1
B/ IME LI E]/h 7,1
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Table A2 Time of use price
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Fig. A3 Example network topology and device distribution
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