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Interconnection of Dispersed Generation Systems considering Load Unbalance
and Load Model in Composite Distribution Systems

EEH - EE-SART S A |
(Yu-Jeong Lee - Kyu-Ho Kim - Sang-Keun Lee - Seok-Ku You)

Abstract - This paper presents a scheme for the interconnection of dispersed generator systems(DGs) based on load
.unbalance and load model in composite distribution systems. Groups of each individual load model consist of residential,
jindustrial, commercial, official and agricuitural load. The unbalance is involved with many single-phase line segment.
Voltage profile improvement and system loss minimization by installation of DGs depend greatly on how they are
placed and operated in the distribution systems. So, DGs can reduce distribution real power losses and replace
large-scale generators if they are placed appropriately in the distribution systems. The main idea of solving fuzzy goal
‘programming is to transform the original objective function and constraints into the equivalent multi-objectives functions
with fuzzy sets to evaluate their imprecise nature for the criterion of power loss minimization, the number or total
capacity of DGs and the bus voltage deviation, and then solve the problem using genetic algorithm. The method
proposed is applied to IEEE 13 bus and 34 bus test systems to demonstrate its effectiveness.

Key Words : Dispersed Generation Systems(DGs), DGs Interconnection, Fuzzy Goal Programming, Load Model, Voltage
Profile Improvement, system loss minimization
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Table 2. Load Data of 13 Bus System

Send| End |[Load| FPh-1 Ph-2 Ph-3  |Length| Conf.
Bus | Bus | Id |kW kVAR |kW kVAR |kW kVAR| (ft) | Code
632|645 | 5 0 0 170|125 | O 0 500 603
6321633 | 1 0 0 0 0 0 0 500 602
633|634 | 3 | 160 [ 116 | 120 | 87 | 120 | 87 0 XFM
645 | 646 | 4 0 0 [230]132} 0 0 300 603
650|632 | 1 0 0 0 0 0 0 | 2000 | 601
684 16521 2 |128) 8 | O 0 0 0 800 607
671 [ 684 | 1 0 0 0 0 0 0 300 604
671 | 680 { 1 0 Q 0 0 0 0 | 1000 | 601
632 | 671 | 3 |38 {220 | 385|220 |38 | 220 | 2000 | 601
671 | 692 | 4 0 0 0 170 | 151 0 [switch
684 | 611 | 2 0 0 0 0 [170 [ 80 | 300 605
692 | 675 | 3 | 485|190 | 68 | 60 | 290 | 212 | 500 606
Total Load {1,158{ 612 } 973 | 624 11,135 750
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£ 3. Folefida REpX|LAIZE

Table 3. Load Level and Load Duration Time

Load Level(%) 100 90 70
3,650 7,300 3,650

Time interval(hours)
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Table 4. Placement Location of DGs(Case 1 and Case 2)

' Optimal Case 1[kW] Case 2 [kW]
location | 1000 | 9096 | 70% | 100% | 90% | 70%
611 9 90 90 90 60 0

652 120 120 90 150 150 120
675 150 150 150 120 120 %0
692 90 60 150 150 150
Total 450 420 330 510 430 360

L 2 5. BEMEMA Mx| M¥Fe Mot % &4 vln
Table 5. Comparison of Voltage Magnitude and Loss
between Without and With DGs Placement

Case 1 Case 2
Load [Without | With | Without | With
DGs DGs DGs DGs
Real power 100% | 434,229 | 290,175 | 492,780 | 302,080
losses 90% | 698,028 | 448521 | 782,118 | 473,434
(Wl 70% | 208431 | 128344 | 227,669 | 142,934
Total losses [kWh] | 1,340,689 | 867,041 |1,502,568| 918,450
100%
Vanlpul | 90%
70% | 09311 | 0.9619
100% | 09434 | 09566 | 09388 | 0.9558
Vaelpul | 90% | 09494 | 09624 | 09456 | 09611
70% | 09610 | 09721 | 09587 | 0.9697
100%| 09658 | 09752 | 09650 | 0.9793
Ve [Dul | 90% | 09692 | 09797 | 09685 | 09810
70% | 0.9760 | 09859 | 09755 | 0.9840

¥ 6. 2 wWeolM B 2 Jddsel Mo
Table 6. Number of Runs and Best Generation found
Optimum in Each Approach

Proposed- | Sensitivity- { Simple-
GA GA GA
ARHE BE 5/ 17/100 10/100 2/100
AX AP (17%) (10%) (2%)
AR HE 22 A 52 66 84
AA &AHKW] 867,041

5.2 Test System - 34 2 M

a%Y 62 34 24 33 M2 FAE IEEE £%3 ®HiAE

272

AF Hestach A2 Rat dolerst H2TA dol
Bl B =8N sty FuiEs [13]d 4A3 JEk
U ogleh AlRE A Oed 23 JUeAe 13 24 A%
AN ST A5st 2ot

DGs®) £ 2{KkW]: 30, 60, 90, 120, 150

APt 1A, 0kWKAAER 5 2 §3)

AP max: 1070, 1,500[kWI(H 244 5= 2 £3)

AV’," min - 005[1)1.1]

AVi,mh: 015[DU]

Test System - 13 B9 A 59 o7t E & 7L
Case @2 B3gdd ozt EAP AP HX 942
718 JeEbd Aotk B 7¢] RIEHE njF Case 1
3R $& Case 2 BT} 23¥ AU F43F Qo] &3F
°] 62% A= BAES & F Y} o)A 13 BHY A5
AP AAEL A3 43T FAAFHQY BAFAY] 4
A 2 YL 87] Hstd EHRIPE a2 &= Ao AFY
AAAQ EAHL wIsE Aol Az}

EE, E 82 FAYAHYE HAE] HAa 4G Fo A
&A% Agan e vzso Jelidd. Asedy A$
Case 1ML 2AdA4E AX 387 ddlE 509,295[kWh]
ooy MAg FdEr 181,840kWhI7t =Him, AR
347,455[kWhl7t 2o} 68%7 ZAaHNEE ¢ 5 Atk

Vains Vae & Ve ® B3 AL 44X A 29 423
BAE[R, VoS FEaEg 100%, 90% L)l 70%1A
A7 9 A 0952 7|1Fo2 P W 2AYAYS
Ax Fo oA AFL 25 wEFdAgE AL ¢ 5 o
Case 2% #AH 23g el 9l

RO

20

substation 846 848

818 842

808 812 814 850 824 826 834 860 836 840

858

828 830 854 856

a8 6 IEEE 34 @M HAE AjAH"
Fig. 6 IEEE 34 bus test systems

k3 7. ?ﬂﬁﬁﬂﬂl A x| #xl(Case 12} Case 2)
Table 7. Placement Location of DGs(Case 1 and Case 2)

Optimal Case 1 [kW] Case 2 (kW]

location | 100% | 90% | 70% | 100% | 90% | 70%
834 150 | 150 | 120 | 150 | 150 | 120
840 60
844 150 | 150 | 120 | 150 | 150 | 120
862 120

Total 360 | 300 | 240 | 420 | 300 | 240
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Table 8. Comparison of Voltage Magnitude and Loss
between Without and With DGs Placement

' Load . Case 1 . . Case 2 .

level | Without | With | Without | With

DGs DGs DGs DGs

Real power 100% | 164,580 | 52,250 | 209,113 | 62,636

losses 90% 265,158 | 83592 | 327,892 | 85510

[kWh] 70% | 79556 | 25996 | 93511 | 26229

Total losses [kWh] | 509,205 | 161,840 | 630,518 | 174,376
100%6
Vamnlpul | 90%
70%

100% | 09390 | 09995 | 09325 | 1.0069

Vaelpul | 90% 09452 | 09950 | 09401 | 0.9940

70% 09575 | 0.9972 | 09545 | 0.9966

100% | 09992 | 1.0309 | 09992 | 1.0297

Vmax[pul | 90% 09993 | 1.0210 | 09993 | 1.0171

70% 09995 | 1.0195 | 09994 | 1.0170

E: 3 9. Zt Wyl 5B 2 Yot Mo
Table 9. Number of Runs and Best Generation found Op-
timum in Each Approach

Proposed- | Sensitivity— | Simple-
GA GA GA

AAXHYE 22 5/ 4/100 2/100 0/100
AX A9+ (4%) (2%) (0%)
HAAHE F2 AY 70 76 36

AN &AkW] 161,840 167,786

E 9t 4749 ¢318F ¥2 Case 19 st 13249
BAAY 10009 AAFAAE vliE Y& HHHE 2
AR AdsE dehidd. oA AAHE Fe Ao
T FHEEA7 AR AgE YU AFo gx A3 F
Fal7] d&e FHshe e AP Aot 13 =A A
T Aol vg] g oAU HaE g dnYdF By 5
e ¢ F Ut =53], Simple-GAS ZS & dnEFol
N gAg AHHE A Fed, 2r|FHEEE AL ¢
F At oA ALY gnEAFo] BEZ Simplex INH
9 §4& AH83tn, AZANE A8 vEAL AU €
ol e 2EAY PHYE AU T F AN

6.4 &

g dFNE 2Y HAATAN FHERY 4 ¥Ry
& DAY FAYAAY AT QA BEe AU
BAYALS) AT @A Qe GARoln dAHez £
Ul fistel ¥5EdY 2 $HEY $¢ uasen,
o) A9 BAYAAL 3 % YAFE HAE AF o)
o} 6~11% AE B2 + AT Wb HAAES 3
%3 s4sm FAMY BAYALY HA R 298 3]

o of

FEUY G PSS 8 SPuTA S BUHETH HA wet

Trans. KIEE. Vol. 53A, No. 5, MAY, 2004

dsted RaEYE el Rol AFY AN 542
Bt old AzEn
E9, 249049 44 2 29 TANA BAE, 2L

H APy MR F =2 FL4F R 4 ZHAY diF B
4 (imprecise) 43& 2238t HA Goal Programmingl =
29 stgx A3 dueFe gAFNg AVE FolH
A AR HEd HEgsA AYLE AT Fysd &
Aol HAHaNE T PHoZ GAS ALEsAT AU
duzEe AP HHHES $+E JFo=
Sensitivity-GA 2 Simple-GA% Hln3sle] JHHE = 7
7t A2E 4 . o|RAL AYF Y Feo] FEH
Simplex @47F9] §AE& AME3E FRALE A7 UEA
A A2z 8 gl7) WY e 543U wEdes #9
& 4 e

goz @ vl BEAgAd s dE &3 gl
o, 201087k & AHALALY 20% o|dE EAAPH4
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