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Fig.1 Voltage amplitude curves of photovoltaic
grid-connected points before and after voltage

regulation based on proposed control strategy
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Multi-stage local-distributed voltage control strategy of distribution network

considering photovoltaic-energy storage coordination
WANG Shouxiang'?,CHENG Yaoxiang'?,ZAHO Qianyu"?,DONG Yichao’
(1. Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China;
2. Tianjin Key Laboratory of Power System Simulation and Control, Tianjin 300072, China;
3. State Grid Tianjin Electric Power Company, Tianjin 300010, China)

Abstract:In order to solve the voltage violation problem of the lines near the high permeability photovoltaic
grid-connected point,a multi-stage voltage control method considering photovoltaic-energy storage coordination
is proposed based on the power regulation principle analysis of distribution network with distributed genera-
tions. The Chebyshev polynomial filtering method is used to improve the consistency principle iteration-
based distributed control,which effectively accelerates the convergence speed. The multi-stage local-distributed
voltage control strategy is proposed,including the stage [ voltage regulation with local reactive power com-
pensation of photovoltaic inverters, the stage Il voltage regulation with distributed reactive power regulation
of photovoltaic inverters in the whole grid, and the stage I voltage regulation with consistent distributed
active power regulation of energy storage in the whole grid. A modified actual 55-bus medium voltage dis-
tribution system is taken as an example for simulation to verify the effectiveness and superiority of the pro-
posed multi-stage local-distributed voltage control strategy.

Key words: photovoltaic-energy storage system; voltage control;local control; polynomial filtering; consistency

algorithm; distributed control ; distribution network
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Fig.D5 Typical daily operation curves of load and photovoltaic
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Table D1  Configuration of photovoltaic-energy storage
(P 3 16 22 35 47 48 54
HAR/(MV-A) 1.2 1.2 1.0 1.4 1.6 1.6 1.5
Tl BEAUE DI /MW 0.12  0.12 0.1 0.14 016 016  0.15
fi# fE/(MW -h) 024 024 0.2 028 032 032 0.3
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Fig.D6 Communication topology of voltage controllers
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Fig.D7 Voltage partial enlarged detail of photovoltaic grid-connected points before voltage regulation
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Fig.D8 Voltage control results of proposed strategy
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Table D2 Control requests of voltage over-limit nodes

& i % 155 16 53R 195 35 i3k 195 47 W3R T 45 48 153K 1905 54 V53R
11:30 FrEt 1 B 11
11:45 BB 10, 10 BB 10, 10 BB 1. 101 BB 10, 101
12:00 BB 11, 10 BB 10, 10 BB 10, 101 BB 10, 100 BB I, 101
12:15 B 11 B 11 BB 11 B 11
12:30 BBt 11 BB I BBt 11 B 11
12:45 BB 10, 10 BB 1. 100 BB 1. 101 BB 10, 101
o HLE
13:00 Frig 1
13:15 BB 11, 10 BB I, 10 BB 10, 101 BB I, 101
13:45 BBt 11 BB 11 FrEg 1
14:15 BB 11 BB 11 P Bt 11
14:30 PrE: T BBt 11
14:45 MrEg I
18:00 BrEL 10, 10
18:15 BB I, 10
18:30 BrEC I, T
18:45 Frg 1
NG
19:00 MrEg I
19:15 MrEg I
19:30 BBt 1 Frg 1
19:45 eI
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Fig.D9 Voltage control results of Strategy 1
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Fig.D10 Voltage control results of Strategy 2
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Fig.D11 Voltage control results of Strategy 3
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Fig.D12 Undervoltage control results of Strategy 4
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Fig.D13  Voltage control results of photovoltaic grid-connected points after topology changed
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Fig.D14 Comparison of convergence speed before and after algorithm filtering
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Table D3 Comparison of algorithm convergence speed under different accuracy

Fk RS FrE ISR
/3 i > . ﬁ Vi > .

el JEi 1 B Bk W JEi 1 B B
1073 431 325 106 1022 636
104 523 374 107 1394 853

107 749 483
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