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A sample robust reactive power optimization approach considering the power output

uncertainty of renewable energy stations
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(1.Power Dispatching and Control Center, Guizhou Power Grid Co., Ltd., Guiyang 550005, China;
2.School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: With a large number of renewable energy stations connected to power grid, their stochastic power outputs have a
greal impact on the reactive power and voltage control of power system. To this end, a sample robust reactive power
optimization approach is proposed considering the power output uncertainty of renewable energy stations. Firstly,
considering the variation of generator active power output caused by the random output fluctuation of renewable energy
stations, an uncertain reactive power optimization model of power system is established. Secondly, based on the sample
robust optimization method, the optimization model is transformed into a two-level optimization model. The upper-level
model searches for the generator terminal voltages, transformer ratios and number of shunt capacitor switching groups that
minimize the active power network loss under the average worst-case scenario. The lower-level model searches for the worst
scenario in the box uncertainty set near each sample point. Next, in order to consider the correlation between the power
output of the same type of renewable energy stations, the sample points in the independent normal space are transformed

into the sample points in the relevant original sample space by using the relationship between Nataf transform and its
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inverse transform. Then, the column and constraint generation algorithm is used to solve the two-layer optimization model

alternately and iteratively. Finally, through the analysis and calculation of the modified IEEE 39 bus system and the actual

Guizhou power grid, the correctness and effectiveness of the proposed method is verified.

Key words: renewable energy station; uncertainty optimization; reactive power optimization; sample robust optimization;

Nataf transformation ; correlation distribution
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Table 1 Comparative network loss before and

after optimization

PEACHTFBRE/ MW LR 5 P/ MW > 3R E 5 b/ 20
48.599 8 7.01

52.265 3

®2 AWM BREELR

Table 2 Transformer ratios before and after optimization

s AZ L
H i K b U ail] Lk )e
12 11 1.050 0.975
12 13 0.975 0.950
19 20 1.025 0.975

R3 R JE BN E B
Table 3 Switching capacitor numbers before and

after optimization
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Table 4 Generator terminal voltages before and

after optimization
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Figure 4 Voltage of each bus before and after optimization

under the average worst scenario
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Figure 5 Voltage of each bus under the average worst

scenario of different optimal decision schemes
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Table 5 Comparison of calculation results with and

without considering correlated sampling
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e e 77 Ji
0 47.594 3 46.965 6 151.124 2 45.906 4 3.2920
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Figure 6 Comparison of optimization results under

different e, and N values
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Table 6 Comparison of calculation results of

different robust optimization model

AR e 35/ MW SR et ] /s
1138 S 6 R AR 1k 52.277 1 89.6
RFEE A 51.4317 48.4

RT AR TR EL R LK

Table 7 Comparison of calculation results under

different value of I'y

R4/ BN w45/ BNy
Iy ) Iy )

MW il /s MW /s
0.0  46.99938 86.1 2.5 53.5742 94.6
0.5 48.423 2 82.2 3.0 541326 97.1
L5 52.277 1 89.6
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Table 8 Comparative results between the model considering

the reactive power output variation and the original model
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Figure 7 Voltage of each bus after optimization of the model
considering the reactive power output variation and

the original model
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Table 9 Parameters of renewable energy stations
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Table 10 Comparison of calculation results with and

without considering correlated sampling
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Figure 8 Comparison of optimization results under

different valuee, and N
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