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Reactive voltage optimization regulation method of distribution network considering the
reactive power contribution of a photovoltaic cluster

WANG Wenbin, JIN Wei, LI Hongtao, LI Huibin, SHI Leilei
(Xingtai Power Supply Branch, State Grid Hebei Electric Power Co., Ltd., Xingtai 054001, China)

Abstract: In order to fully tap the reactive power regulation capacity of DG, coordinate the use of various voltage
regulation resources of a distribution network, and realize economic and flexible voltage control, this paper integrates all
kinds of reactive power control equipment in a medium and high voltage distribution network. It proposes a coordinated
operation optimization method of voltage and reactive power control resources in a distribution network considering the
contribution of a low voltage photovoltaic reactive power cluster. This method aims at the distributed small capacity
off-line photovoltaic power supply at the low-voltage side of the distribution network, puts forward the reactive power
management and control strategy of the low-voltage photovoltaic cluster, and designs three kinds of photovoltaic cluster
reactive power operation modes, so that it can preset the on-line self-requlation operation according to the mode. In
addition, it establishes a distribution network reactive power control resource coordination optimization model, and adopts
an optimal division joint optimization method to cut the transformer tap and capacitor bank. Based on the optimization of
switching time and switching state, the reactive power operation mode of a photovoltaic cluster and the reactive power
output optimization results of other governance equipment are obtained. The forward and backward power flow
calculation is nested into the particle swarm optimization algorithm. The simulation results show that the proposed
method is reasonable and effective.
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Fig. 1 Reactive power control framework of medium
and high voltage distribution network
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Fig. 5 Voltage amplitude before optimization

F T BB, SRAASCE ST B BC F R L
DRI HEAT SR A, 193] 24 I BRI ds I 73
PRI L DM L AR LR VI 44 DG
L H Iy SVC.SVG sl o Dy i AE FIOGARSE R B
g . Hrr, —RK9 OLTC K& SCB #h{E i
S5 RN 2 .

% 2 OLTC K SCB sifEiRT 4R

Table 2 OLTC and SCB action adjustment result

B sc‘E,a # OLTC T SC‘I,B % OLTC
ANHE 2L N L
1 5 1.05 13 1 1
2 5 1.05 14 1 1
3 4 1.05 15 1 0.975
4 4 1.05 16 1 0.975
5 4 1.025 17 1 0.975
6 4 1.025 18 2 0.975
7 3 1.025 19 2 0.975
8 3 1.025 20 2 0.975
9 3 1.025 21 4 1
10 3 1.025 22 4 1
1 3 1.025 23 4 1
12 3 1.025 24 4 1
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Table 3 Configuration results of 10 kV side reactive equipment

- RAHLTE T RIS svc/ SVG/
Mvar Mvar Mvar Mvar
11 2.6865 14334 0.7211 0.8134
12 3.6675 1.299 7 0.734 8 0.905
13 3.4435 1.002 2 0.657 2 0.836 3
14 23243 0.9234 0.552 2 0.6295
15 13111 0.387 6 0.3324 0.3315
16 0.2758 -0.5635 -0.1947 -0.174 3

R4 SREHRLBITERNRESER
Table 4 Configuration results of photovoltaic cluster
reactive power operation mode

Bt R 1 T2 4T3 HHt 4
1 M2(02755) M3(0.3007) M3(05007)  M2(0.3235)
2 M2(0.3475) M3(0.3007) M3(0.4,007)  M2(0.3257)
3 M2(05460) M2(05454)  M2(0.7323)  M2(0.4579)
4 M2(04598) M2(0.5454)  M2(0.9435)  M2(0.5684)
5 M2(0.3658) M1(0) M2(0.4433)  M2(0.3456)
6 M3(06-01) M3(0.4,005  M2(0.3543) M1(0)
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Table 5 Comparison of optimization results of various models

st L R 2% FAH/MWh
To Ty B ARAG T 5.32% 1.135
oA A IR TE T B AR AL 4.75% 1.028
T A 3.11% 0.993
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