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Fuzzy-GA Application for Allocation and Operation of Dispersed Generation
Systems in Composite Distribution Systems
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Abstract -

This paper presents a fuzzy-GA method for the allocation and operation of dispersed generator

systems(DGs) based on load model in composite distribution systems. Groups of each individual load model consist of
residential, industrial, commercial, official and agricultural load. The problem formulation considers an objective to reduce
power loss of distribution systems and the constraints such as the number or total capacity of DGs and the deviation of
the bus voltage. 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 12 bus and 33 bus test systems to

demonstrate its effectiveness.

Key Words : Dispersed Generation Systems(DGs), Composite Distribution Systems, Multi-Objectives, DGs Installation,
Fuzzy-GA, Fuzzy Goal Programming, Load Model
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6.1 Test System - 12 =M
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12 24 AZxe dolgs 19 83 ¥ 24 zZHz vehy
ATH14). & 2014 Model IdE ¥ 19 Agisle] dig 53t
e ougt 7z RaddEd o RFIXEATS F 39
vehigich B 49 55 BAEAHY HX 2 £9¢ A% =
Ao AgzAL 433 5 AAG HAA  Goal
Programming & ¢]-&3le] Ad¥agn FALTIES o] &3}
o] 7} Case @2 F3lz)do diste EAydde] 44 X
9} 3718 2R3 Aoltl. ¥ 49 Case 17 Case 2& X 59
Case 3%} Case 4% vlms} 29, ¥3l23 e 4aQ
o] f-FANY &L RIuFA o AAF BH(EAL



103 1) fEH &
129 Qeid EARAY
¢ F ek ol
A & & 3
S 3%e A
& gmec

Ao® AH(EA 10, 113}
- Alow Aol7k e

substation

1 2 3 4 5 6 7 8 9 10 11 12

LU

Trans. KIEE. Vol. 52A, No. 10, OCT. 2003
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Mee] Mx| 9/x|(Case 12 Case 2)
Table 4 Placement Location of DGs(Case 1 and Case 2)

Optimal Case 1 [kW] Case 2 [kW]
location 110% 0% 70% 110% % 70%
10 50 30 50 40
11 50 50 50 50 50 50
Total 100 80 50 100 90 50

= 5 2T flol Mx| 9x[(Case 37 Case 4)
Table 5 Placement Location of DGs{Case 3 and Case 4)

2% 8 WA 2 IM HE optimal Case 3 [kW] Case 4 [kW]
Fia. 8 Radial 12 bus system location | 110% | 90% 70% | 110% | 90% 70%
9. © hada Y 10 50 | 50 40
11 50 50 40 50 50 50
E 21224 Ase $5 % M2 ololg 2 2 o | o
Table 2 Load and Line Data of 12 Bus System Total 120 100 40 130 90 50
Receiving End
Sending | Receiving Bus Load
End Bus | End Bus | R0 | X028V aom B 1 oL E 6 SMEMY Mx MEe MY ¥ 24 8@
Id (kW] |[kVAR] Table 6 Comparison of Voltage Magnitude and Loss between
1 2 1.093 | 0455 | 2 60 60 Without and With DGs Placement
2 3 1.184 | 0.494 5 40 30
3 4 | 2005|081 | 3 | 55 | 55 Load Case 1 Case 2
4 5 3.188 | 1.329 2 30 30 level Without | With | Without | With
5 6 1.093 | 0455 | 4 20 15 DGs DGs DGs DGs
6 7 1.002 | 0417 3 55 55 Real 110% 172,015 | 72772 | 184.742 | 75,724
7 8 4403 | 12151 3 | 45 | 45 4 POWET 0096 | 228731 | 99.166 | 242622 | 102570
8 9 5642 | 1597 | 3 40 40 losses (kW] -
9 0 | 2850 losis| a1 5 | 30 70% | 68772 | 35732 | 72.026 | 36.860
10 11 1514 | 0428 3 40 30 Total losses [kW] 469519 | 207.671 | 499.390 | 215.156
1 12 |128]03%1 ] 5] 15 | 5 110% | 0.9396 | 0.9663 | 0.9373 | 0.9657
V min[D00.] 90% 09508 109722 | 09493 | 09716
E 3 Es4Tn 2aix|aAlz 70% | 09619 | 09755 | 09610 | 09751
Table 3 Load Level and Load Duration Time 110% | 09642 | 09776 | 09630 | 0.9771
V aelp.01] 90% 0.9708 0.9815 0.9700 0.9811
Load Level(%) 110 %0 70 70% | 09774 | 09841 | 09769 | 09838
Time interval(hours) 7300 14600 7300 110% 0.9939 0.9953 0.9937 0.9952
max [p-u.] 90% 0.9950 0.9961 0.9949 0.9960
O,
EQ, PHEYL 1P Case 13 Case 3 7% | 09961 | 098 | 0%l | 09968
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Table 7 Comparison of Voltage Magnitude and Loss between
Without- and With DGs Placement

MEo Mot & &4 v

Case 3 Case 4

Load IWithout | With | Without | With

DGs DGs DGs DGs

Real power 110% 172,015 | 114.394 | 184.742 | 117.967
losses [kW] 90% 228731 | 151.061 | 242.622 | 161.181
70% 68.772 54548 | 72.026 53.281

Total losses [kW] 469,519 | 320.004 | 499.390 | 332.430
110% | 0.9396 | 0.9632 | 0.9373 | 0.9628

Vanlpul | 90% | 09508 | 09702 | 09493 | 09682
70% 0.9619 0.9715

110% 0.9642 0.9753

Vavelp11] 90% 0.9708 0.9792
70% 0.9774 0.9819

110% 0.9939 0.9949

max (D-u.] 90% 0.9950 0.9958
70% 0.9961 0.9966

6.2 Test System - 33 =M
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Fig. 9 Radial 33 bus system

x 8 Bag™ el Mx| 9 x[(Case 12} Case 2)
Table 8 Placement Location of DGs(Case 1 and Case 2)

Optimal Case 1 [kW] Case 2 (kW]
location 100% 90% 70% 100% 90% 70%
14 150 150 150 120
15 90
16 150 150 150
17 90 150 150
18 120 120
30 150 120
31 150 150 150 150
32 90 150 150
33 150 150 150 150 150 150
Total 900 690 300 960 70 300

= 9 BAredXelo] M| 2| x[(Case 32} Case 4)
Table 9 Placement Location of DGs(Case 3 and Case 4)

Optimal Case 3 [kW] Case 4 [kW]
location 100%6 90% 70% 100% 90% 70%
13 60 150
14 90 120 120
15 120 150
16 150 150 150 150 150
18 150 150 120
29 0
30 150 120 90
31 150 150 150 150
32 150 150 150 150
33 150 150 150 150 150 150
Total 1,020 870 300 1,230 840 270
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Table 10 Comparison of Voltage Magnitude and Loss
between Without and With DGs Placement
Case 1 Case 2
Foad yithout | With | Without | With
DGs DGs DGs DGs
100% | 1,340,293 | 478,780 |1,479,409| 475,108
Real power ™0 0 ™% 158100 | 876,718 |2.359.814| 858170
losses (kW]
70% | 645858 | 404753 | 692,824 | 424,492
Total losses [kW] 4,144,25'241,760,252 4,532,049 | 1,757,771
100% | 00183 | 0.9627 | 09131 | 0.9617
Vamlowl | 90% | 09267 1 09631 | 09224 | 09645
70% 0.9432 | 09595 | 0.9407 | 0.9584
100% | 09511 | 09749 | 0.9485 | 0.9779
Vaelpuwd | 90% 09561 | 09747 | 09540 | 0.9761
70% | 09661 | 09743 | 09648 | 09738
100% | 09971 | 09979 | 09970 | 0.9980
xpul| 90% | 09974 | 0.9981 | 09973 | 0.9981
70% 0.9980 | 0.9983 | 09980 | 0.9982
E O EMgNY 4 MFe Mot ¢ &4 H[W

Table 11 Comparison of Voltage Magnitude and Loss
between Without and With DGs Placement

Case 3 Case 4
Load - " ; -
level | Without | With | Without | With
DGs DGs DGs DGs
Real 100% 11,340,293 | 734,382 11,479,409 | 723,543
eal power
iosses [KW] 90% [2.158,100 1,264,272 | 2,359,814 | 1,370,404
70% 645,858 | 501,486 | 692.824 | 543,109
Total losses [kW] [4.144,252 2,500,141 | 4,532,049 | 2,637,057
100% |-0.8183 . 0.9503 | 09131 | 0.9519
V min D011 90% 0.9267 1 09524 | 0.9224 | 0.9508
70% 0.9432 10,9532 |-0.9407 | 09515
100% 0.9511 0.9686 |- 0.9485 |- 0.9698
V aelp.ut] 90% 0.9561 0.9699 09540 | 0.9679
70% 0.9661 0.9709 09648 | 0.9695
100% 0.9971 09978 | 09970 | 0.9978
max [D-U] 90% 0.9974 | 0.9979 | 09973 | 0.9979
70% 09980 | 0.9982 0.9980 | 0.9981
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