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Abstract When a large-scale photovoltaic (PV) system is introduced into a distribution system, the customer's voltage
may exceed the allowable limit (220V+6%) due to voltage variations and reverse power flow in the PV system. In
order to solve this problem, we propose a method for adjusting the customer voltage using the existing step voltage
regulator (SVR) installed in the primary feeder. However, due to the characteristics of a mechanically operating SVR,
the customer voltage during the tap changing time of the SVR is likely to deviate from the allowable limit. In this
paper, an energy storage system (ESS) with optimal operation strategies, and an appropriate capacity calculation
algorithm are proposed, and the parallel driving scheme between the SVR and the ESS is also proposed to solve the
customer voltage problem that may occur during the tap changing time of the SVR. The simulation results show that
the allowable limit of the customer voltage is verified by the proposed methods during the tap changing time of the
SVR when the large-scale PV system is connected to the distribution system.
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Table 1. Data of Primary feeder
Imped:
Section Rmpe anc; Length | Power Load syl:t:m
NO. km Factor MW
(@) | @km) | *™ MW awy
1 0.182 0.391 0.9 0.2~0.8 0
2 0.182 0.391 0.9 0.2~0.8 0
3 0.182 0.391 3 0.9 0.2~0.4 0
4 0.182 0.391 10 0.9 0.6~1.6 0
5 0.182 0.391 8 0.9 0.8~1.8 0
6 0.182 0.391 3 0.9 04~20 | 0~1.6
1.20
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Fig. 11. Output pattern of customer power and PV
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Table 2. Real data of primary feeder
[1PU: 10MVA]

Section Section
N[ Impedance | | [ g B Impedance | Load | by,
no| R | X |®km)| no (kfn) R | x | ®U |mw)

S/km) (/km)
101820301 | 2 {1/23|%¥%5] 0.403 | 0.408 ?098(3)%5* 0
2/ 0182 [0.391| 2 {1/23]%3%5] 0.403 | 0.408 ?’098833;’ 0
3] 0082 0391 4 1723 (099 0.403 | 0.408 ?0‘_]8812;’ 0
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s 0.182 |0391(33 | 1/2/3| 1171 | 0.403 | 0.408 ?{%ﬂi 0
6| 0.182 0391 | 4 17273 |*¥%8} 0403 | 0.408 ‘J.)(%%I“ 0
7| 0.403 |0.408| 8 | 17273 "3} 0.403 | 0.408 ?i)%éslx 0~26
8] 0.403 [0.408| 4 (17273 [OB98| 0.403 | 0.408 ?6%511 0~0.8
9] 0.403 [0.408 | 7.6 17273 [OBH| 0.403 | 0.408 ‘;003]257* 0~05
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'V outputf PV output of | PV output of | PV output of
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Table 4. kwh introduction capacity of ESS

kW

kWh / h

ESS introduction capacity] ~ 380kW

83.6kWh / 0.2h
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