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A Study on the Optimal Voltage Regulation in Distribution Systems with
Dispersed Generation Systems
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(Mi-Young Kim * Dae-Seok Rho * Yong-Taek Oh * Jae-Yun An * Jae-Eon Kim * Eung_Sang Kim)

Astract — Recently, the domestic and foreign power trends are the supply of high quality power and environment

conservation technology based on the new energies development. So,

the dispersed generation systems, such as

photovoltaic, fuel cell, and battery are to be introduced in distribution systems. According to the situation change, power
of high quality and reliability are required in distribution systems with dispersed generation. Up to now, the voltage in
distribution systems are regulated by ULTC of substation and pole transformer of primary feeders. These days, Step
Voltage Regulator(SVR) is getting established at distribution feeders to regulate effectively voltage of primary feeders
that voltage drop exceeds 5%. But, because SVR is operated independently with ULTC of substation, SVR can not take
play to its full effectivity. Under these circumstances, in order to deliver suitable voltages to as many customers as
possible, new optimal voltage regulation algorithms are required in distribution system. So, this paper presents optimal
voltage regulation algorithm to regulate voltage effectively for ULTC and SVR in distribution systems with dispersed

generation systems.
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Fig. 1 Voltage Regulation of Distribution Systems
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Fig. 2 Concept for the Optimal Voltage Regulation
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Vimin(t) = Vmin - V1(t) / V2(t) (3)
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Fig. 4 Voltage Regulation of Distribution System with DSG
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Table 1 Section Data for Model System

Node
Feedert | Section | Number | P9 ;o oth| Pole Tr |Load | DSG
Number | Number From| To R X (km) Tap (%) |(KW)
(2/im) | (9/km)

1 0| 1]0182]0391| 20 [22900/230] 5% | 0

1 2 1| 20182030 20 [22900/230]10%| ©
3 2 | 3]0182]0391] 50 [22900/230]|10% | ©

) 4 0o | 401820301 50 [22900/230[109%| 0
5 4 | 5103040440 | 100 [21800/230]15%| ©

3 6 0 | 6[0182]0391] 40 [22900/230]15% | 0
7 6 | 710182030 | 40 [22000/230]10% | 750

8 0| 8]o0182]0391] 30 [22900/230| 5% | 750

9 8 | 901820391 50 |22900/230| 5% | 750

4 10 | 9 |10{0182]0391| 50 |22900/230]| 5% | ©
11 | 10 | 11] 0304 | 0440 | 100 |21800/230] 5% | ©

12 | 11]12]0304]0440| 50 [21800/230] 5% | ©
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Fig. 10 The Customer Voltage Characteristic and

Performance Index by Methods
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Table 2 The Comparison of Performance Index by Methods

DSG DSG IE:S( ‘;1 ProI;(;n ed Ldc+Ldc | Proposed

=4%| 3394 Method | Method Method | Method
2950 Z€Ero 16331.3 12559.5 10953.3 | 10064.4
’ gl 16205.0 12433.1 10826.9 10040.4
kW A 16234.6 12462.7 10856.5 9988.3
4500 zero 16331.3 12559.5 10953.3 | 10064.4
l'(W A 16111.9 12340.0 10733.8 9982.3
A 16305.3 12533.4 10927.2 9891.0
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Fig. 11 The Tap Position by Each Methods
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Table 3 Total Tap Changing Number by Each Methods

DSG ULTC tap SVR tap
(Kw)|  DSG ¥HEH (50%) (50%)
zero (existing) 24 18
zero (proposed) 22 6
24 (existing) 24 18
2,250 44 (proposed) 22 6
244 (existing) 22 18
%4+ (proposed) 22 6
zero (existing) 24 18
zero (proposed) 22 6
YA (existing) 24 18
4,500 A (proposed) 22 6
%47 (existing) 22 18
243 (proposed) 20 6

k3 4 XX FetxMulote] |IDC 4
Table 4 LDC Value for Optimal Voltage Regulation

DSG DSG Ldc+Ldc Method Proposed Method
(Kw) Zeq[R]{ VcelV]l |ZealQl| vcelV]
Zero 2.0472 | 21270.0700 | 1.7500 | 21318.3598
2,250 A 21167 | 21253.1840 | 1.8106 | 21303.7153
ZuA 2.2256 | 21134.9838 | 1.8980 | 21206.9473
Zero 2.0472 | 21270.0700 | 1.7500 | 21318.3598
4,500 A 2.1869 | 21237.0905 [ 1.8922 | 21284.5535
A 24193 | 209827391 | 2.0816 | 21073.2418
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