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Study on reactive power operation mode optimization of low voltage photovoltaic cluster
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Abstract: There are a large number of low-voltage distributed small-capacity photovoltaic power supply in the distribution
network. Due to its large scale and limited real-time communication, its economy and operability of online adjustment can not
be guaranteed. It is difficult to effectively use these reactive resources for auxiliary adjustment of the distribution network.
Under the background, this paper proposes a low-voltage photovoltaic participating in the reactive power operation mode op-
timization strategy of medium-voltage grids based on cluster mode presets and online autonomous operation to make full use
of the potential of low-voltage distributed PVs (LVDPVs). Firstly, LVDPVs linked with the same transformer are assigned
to a cluster and managed by a terminal platform. Secondly, the day-ahead reactive power mode optimization is carried out ai-
ming at compensating load reactive power demand within a feeder. Then, five cluster reactive power operation modes are de-
signed and the day-ahead prediction operation scenario is constructed. In addition, a cluster reactive power operation mode
and parameter optimization model is established considering the optimal feeder reactive power balance and the mini-
mum reactive power flow between clusters based on the scene characteristics. The improved particle swarm optimiza-
tion algorithm is employed to solve the problem. Finally, examples verify the effectiveness of the proposed method.
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Figure 1 Management and control scheme of

distributed photovoltaic cluster
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Table 1 Photovoltaic cluster parameter table
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Figure 3 Active power output curve of cluster 2 in

day-ahead operating scenario
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Figure 4 Residual capacity curve of cluster 2 under

day-ahead running scenario
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Figure 5 Feeder reactive power demand curve
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Table 2 Optimal configuration results of reactive power operation mode for photovoltaic cluster
i Bt HeRE 1 e Rt 2 HETF 3 LT 4 4T 5
1 M3(8.3,—0.12) M2(5. 1) M2(2.3) M2(3. 6) M2(5.7)
2 M3(3.3,—0.05) M2(4. 1) M2(2. 3) M2(3. 6) M2(4. 7)
3 M3(3. 3,0. 05) M2(4. 1) M2(2. 3) M2(3. 6) M2(4. 7)
4 M2(2. 3) M2(3. 1) M2(2. 3) M2(3. 6) M2(3.7)
5 M2(2. 3) M2(3. 1) M2(2. 3) M2(3. 6) M2(3.7)
6 M2(2. 3) M5(0. 95) M2(3) M2(3. 6) M5(0. 95)
7 M2(3) M3(4.0.07) M3(4,0.07) M2(5) M5(0. 95)
8 M2(8) M3(4,0.07) M3(4,0.07) M2(10) M5(0. 95)
9 M2(10. 3) M2(7.5) M2(7) M2(8. 5) M2(7.6)
10 M4(90%) M2(10. 3) M1(0) M2(10. 2) M4(90%)
11 M2(9. 5) M2(5.5) M2(5. 6) M2(7.4) M2(8. 3)
12 M4(80%) M3(6,0. 05) M2(7.5) M4(80%) M4(80%)
13 M3(11,—0.1) M2(8. 9) M2(5. 4) M5(0. 95) M2(11.2)
14 M3(11,—0. 1) M1(0) M2(5. 4) M5(0. 95) M2(11.2)
15 M2(9. 5) M1(0) M2(5) M5(0. 95) M2(11.2)
16 M2(10. 5) M1(0) M2(5) M5(0. 95) M2(11.2)
17 M3(10,0. 07) M2(5) M4(90%) M4(90%) M4(90%)
18 M3(10,0. 33) M3(8,0. 2) M4(90%) M4(90%) M4(90%)
19 M2(13. 2) M2(5) M4(95%) M4(95%) M4(90%)
20 M2(13. 2) M2(5) M4(95%) M4(90%) M4(90%)
21 M2(10. 4) M2(4. 7) M4(80%) M4(80%) M4(90%)
22 M3(12,—0.05)  M3(12,—0.05) M2(6. 6) M2(7.4) M2(8. 3)
23 M3(9,—0.05) M3(9,—0.05) M2(6. 6) M2(7. 4) M2(8. 3)
24 M3(7,—0.05) M3(7,—0.05) M2(6. 6) M2(7.4) M2(8. 3)
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Figure 6 Comparison of feeder reactive power output

and reactive power demand
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Table 3 Control results from various schemes

PES 6 Yy SR V- JE T I 5t/ kW
1 1.087.66 193.46
2 1 340.59 223.51
3 1 502. 46 188. 22




124 LA -

i VN £ Eitd 2021 41 A

TeHh R /kVar
(o)
S

20

10O 2 4 6 8 10 12 14 16 18 20 22 24

I 1] /h
(QFE2
60
50
40
30
20

Toh 2R /kVar

100 2 4 6 8 10 12 14 16 18

i 1] /h
(b)yi%3

20 22 24

B7 FE23WME&LA MBS AT R
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reactive power demand for scheme 2 and 3 feeders
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