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Development of Three Phase Optimal Power Flow for Distributed
Generation Systems
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(Hwachang Song * Sung-Koo Cho)

Abstract - This paper presents a method of finding the optimal operating point minimizing a given objective function

with 3 phase

power flow equations and operational constraints, called 3 phase optimal power flow (3POPF). 3 phase

optimal power flow can provide operation and control strategies for the distribution systems with distributed generation
assets, which might be frequently in unbalanced conditions assuming that high penetration rate of renewable energy
sources in the systems. As the solution technique for 3POPF, this paper adopts a simulation-based method of particle
swarm optimization (PSO). In the PSO based 3POPF, a utility function needs to be defined for evaluation of the degree
in operational improvement of each particle’s current position. To evaluate the utility function, in this paper, NR-based 3
phase power flow algorithm was developed which can deal with looped distributed generation systems. In this paper,
illustrative examples with a 5-bus and a modified IEEE 37-bus test systems are given.
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E 1v 9o 2R BE B9 7} 4l
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139354 [MWIolth. I 1014 23 o] FAA A~ At
1.01 [puleZ st A7t L AS5S & F 9
W o2 At 11214822094 [pule] @< e

E: 1 34 =RsloAel 2M HOlH G2Md AS)
Table 1 Bus data at 3 phase power flow solution (5-bus

system)
oM | A v 4 Pg Qg Py Qq
T C [pul [°] [pu] [pu] [pu]l [pul
A 1.01 0 1.2397 -0.2871 0 0
1 B 1.01 240 1.1836 -0.3193 0 0
C 1.01 120 1.2461 -0.3137 0 0
A 1.009508 -3.15 0.437 0.5414 0.2 0.1
2 B 1.011028 237 0.3219 0.5162 0.18 0.09
C 1.009467 116.81 0.4411 0.5879 0.22 0.1
A 0.981935 -5.67 0 0 0.45 0.15
3 B 0.987937 235.02 0 0 0.44 0.15
C 0.978766 114.67 0 0 0.43 0.15
A 0.982514 -6.06 0 0 0.4 0.05
4 B 0.988803 234.77 0 0 0.35 0.05
C 0.977962 114.3 0 0 0.38 0.05
A 0.982952 -7 0 0 0.58 0.09
5 B 0.988432 234.35 0 0 0.5 0.08
C 0.969785 1138.19 0 0 0.6 0.1

& o = PSO 7|9k 34 HAZFAMN gugsS &3
12} gt B RojoA e EA%eE Y] FEAY dx
HE 3 HA32A ® 204 B R &3 Ty
fradd ddng 9 dAAt dolgE Yeha it 2
HoRA AgA ke 098~1.04 [PUIC.E AAsgon, K

H <)
shxadel AkAlFe 097~1.05 [pul& o1&3kith 4 (13)
ol Al kA gnte] whE sEE AF (OF 10002 A4

£ 3& B melolA M43 PSO sHetvlel gEg vheh)
I ok PSOE 10719 YAE o) &3te slazts &)
ul, o W5 3]Gl dlgstE 1008 £ & gAS Fs)
=2 F3ich ¥ 2o AolwEE 1M 2 28 mAe)
FadE wdy 2 maAde g Alfs dgtolth 5RA
A&l gigk PSO 3POPFe] i 3 A|7k2 86 [secloltt.
E 2 7y UM "8 AF 2 Mk dolE
Table 2 Active power generation cost and constraints data
2d (6] 6 Y Prmax[MW] Prmin[MW]
1 0 4 0 600 200
2 0.15 3 0 400 100

E: 3 & Z2oloA o|gst PSO utzto|H
Table 3 PSO parameters used in this simulation

Ci 2.0 Wmax 0.9
Co2 2.0 Wmin 0.4
Iy (0,1] AR = 10
r2 (0,1] B 100
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Fig. 5 Change of the fitness function in PSO 3POPF
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E: 4 3POPF &8 % z|Msllel =M O|olE (G2M HS)
Table 4 Bus data at 3POPF solution (5-bus system)

24 & V [pu] 0[] Py [pul Qg [pu]
A 1.01 0 1.2397 —-0.2871
1 B 1.01 240 1.1836 -0.3193
C 1.01 120 1.2461 -0.3137
A 1.009508 -3.15 0.437 0.5414
2 B 1.011028 237 0.3219 0.5162
C 1.009467 116.81 0.4411 0.5879
A 0.981935 -5.67 0 0
3 B 0.987937 235.02 0 0
C 0.978766 114.67 0 0
A 0.982514 -6.06 0 0
4 B 0.988803 234.77 0 0
C 0.977962 114.3 0 0
A 0.982952 -7 0 0
5 B 0.988432 234.35 0 0
C 0.969785 1138.19 0 0

42 =H™El |EEE 3724 AEAS
tggez FAY IEEE 3724 A dAE] thate] PSO
3POPFE A§3 A74E Mdystuzl st 17 6 FAH
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ek A AlA2~ Y EYA dolEE [17]9)
Aggon S e FrHAQl FiEo] 1=

A& A

o nE FHARe g Az AFE 3w A AlEs
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geiEl s 350 A Alds fAdEHE ol sk
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Fig. 6 One-line diagram of the modified IEEE 37-bus test

system

Ao AE3 dolHE 21~37E4717 9] F-3he) 3
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Table 5 Bus data at 3POPF solution (5-bus system)

G (Polkwy | s | Rean | Qe s [pU] Vi [pu]
5 10 | 099 | 6 6 | 098 | 1.04
8 20 | 099 | 12 | -12 | 098 | 1.04
12 | 10 | 099 | 6 -6 | 098 | 1.04
29 | 30 | 099 | 18 | -18 | 098 | 1.04
3 | 20 | 099 | 12 | -12 | 098 | 1.04
WA B =RoA Jge N-RWY 718 3% 2FA &
UES olgste] AN FaAstrh 959 N-R W
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Ak el Aol frade 42 7.24344 [kW]e]th
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Fig. 8 Change of the fitness function in PSO 3POPF
(37-bus test system)
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Table 6 DGs' phase voltages and outputs (37-bus system)
24| & | V [pul 8071 [ES] [Sﬁ‘] Elpul [?]
A | 0.988482 | -0.18 | 0.1079 | 0.1189

5| B | 0.992789 | 239.99 | 0.0246 | -0.0609 | 0.99526 | 0.32
C | 0.99219 | 119.99 | -0.0324 | 0.002
A | 0.986746 | -0.19 | 0.1472 | 0.1236

8 | B | 0.990506 | 240.01 | 0.0396 | —0.0307 | 0.99736 | 0.70
C | 0.990159 | 119.97 | 0.0132 | 0.0273
A | 0.984786 | -0.19 | 0.1006 | 0.0685

12 | B | 0.986801 | 240.02 | -0.0089 | -0.012 | 0.99048 | 0.31
C | 0.987503 | 119.94 | 0.0083 | 0.0038
A | 0.990662 | -0.1 0.1168 | 0.1211

29 | B | 0.993139 | 240.03 | 0.0708 | 0.0466 | 1.00506 | 1.09
C | 0.994465 | 119.9 | 0.1123 | 0.0123
A | 0986154 | -0.2 0.1439 | 0.0944

36 | B | 0.988728 | 240.03 | 0.0177 | —0.0062 | 0.99616 | 0.70
C | 0.98892 | 119.94 | 0.0384 | 0.032
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