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O ABSTRACT 0O

The optimal placement of capacitors in radial distribution networks plays a significant
role in reducing losses and improving the voltage profile. A multi-objective
optimization technique was used, specifically the Non-Dominated Sorting Genetic
Algorithm (NSGA-II), to determine the optimal location and size (capacity) of fixed
shunt capacitors in radial distribution networks with the aim of minimizing the total cost
represented by losses and capacitor costs, while also improving the voltage profile
simultaneously.

To verify the validity and effectiveness of the proposed algorithm, we developed a
program in the MATLAB R2018a environment for the proposed NSGA-I1 algorithm, as
well as a second program for load flow, and integrated both together. The proposed
algorithm was tested on the standard IEEE-33 Bus radial distribution network, and the
results demonstrated the effectiveness and efficiency of the algorithm in obtaining a
diverse set of solutions for the posed problem, known as Pareto Front solutions, from
which system designers can select the optimal solution that fits the characteristics of the
studied electrical system.
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4 5 0.3811 0.1941 60 30
5 6 0.819 0.707 60 20
6 7 0.1872 0.6188 200 100
7 8 1.7114 1.2351 200 100
8 9 1.03 0.74 60 20
9 10 1.044 0.74 60 20
10 11 0.1966 0.065 45 30
11 12 0.3744 0.1238 60 35
12 13 1.468 1.155 60 35
13 14 0.5416 0.7129 120 80
14 15 0.591 0.526 60 10
15 16 0.7463 0.545 60 20
16 17 1.289 1.721 60 20
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17 18 0.732 0.574 90 40
2 19 0.164 0.1565 90 40
19 20 1.5042 1.3554 90 40
20 21 0.4095 0.4784 90 40
21 22 0.7089 0.9373 90 40
3 23 0.4512 0.3083 90 50
23 24 0.898 0.7091 420 200
24 25 0.896 0.7011 420 200
6 26 0.203 0.1034 60 25
26 27 0.2842 0.1447 60 25
27 28 1.059 0.9337 60 20
28 29 0.8042 0.7006 120 70
29 30 0.5075 0.2585 200 600
30 31 0.9744 0.963 150 70
31 23 0.3105 0.3619 210 100
32 33 0.341 0.5302 60 40
Total Load 3715 2300

Vs 33-bUs ayjs Al cla B 3 S delinly adsal JidY) dall ml (2) Jsaadl ciy
Aaall 315 panill Gl 3LyeSl) dgall e Gty Aladl) deUainl) cilelun 8 aa (alissl <yl
gl LI Addl) Qs ULy JieY) wisell 8 deaasiall o)) deUsial) (mpeet S dleal)
EDEN VD b aseatll Glamil SlyeSl agall o8 (6) JSEN e Loadd L 5lyeSH alaill 445 5ol
i i DA a8 NSGA-TT Apeylal sl dgn Jsla £55 (9,8,7) JSY) g
4 )8l [19] Flower Pollination Algorithm (FPA) sl muli dua) jled il ae 281G AW
.[20] Genetic Algorithm (GA) 4l
33-bus g Asudl c¥la M B cliiKal) Ao Uniulg algal JiaY) Jad) gilii (2) Jgaadl

Gldfica ENE @‘J‘,SZ\.S.:A
GA FPA NSGAI Ondisa aaly ii<a liiCa g0 el
[20] [19] ) 33-bus
g
900 | 25 | 850 | 900 | 450 | 450 | 900 | 600 | 450 | 1050 | 450 1200 | @ ——— ds iy
[KVAr]cldicalt
Bus | Bus | Bus | Bus | Bus | Bus | Bus | Bus | Bus Bus Bus bus 30 Jid éjﬁ"'“
us30 | ————-
30 | 29 7 30 | 24 | 13 | 30 | 24 | 13 30 12 LA
0.93303 0.92974 0.91597 0.94457 alt dad
0.9251 0.9327 dalldad
bus 18 bus 18 bus 18 bus 13 [pul
- —-—= 0.99765 0.99752 0.99742 0.97133 agall dag o
journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279

544




Lo bl sl Sl A e Sl de i) S a il NSGA-IT dgaj il alasiia)

bus 2

bus 2

bus 2

bus 2

[pu]

144.04

139.075

138.9275

141.8637

151.496

210.995

e lua
ey
[KW] Lbal)

24198.72

23364.6

23339.8251

23833.1

25451.33

35447.25

507.15

392.4

410.55

353.25

204

il
[$/year]

24705.87

23757

23750.3751

24186.35

25655.33

35447.25

date
Ly

Aggiud)
[$/year]

10737.09

11685.96

11696.8801

11260.91

9791.92

sl
i)
[$/year]

@& AL dpskill ey lsall e a3 Alls FPA Lae))ld e dajiall due)lsaldl w3l oplis sl
DA & Alaiiall dgal) duey Al e 3585 iy (NSGA-T da))lsa go Jolall Leliaty Lelee 441
Loss Sensitivity —gluall dulia 4@ oadiul a2y 959.7901 [$lyear] ali dads (g5l
S S bl luzdll jLaaY GA 4u))lsa as Technique (LST)
VAN 8 Ayl dllea) AdlSally ddedl) de i) cilelia (il 4ygiall caill (3) Jsandl iy Lad
OiSe Alla 8 5l Ay Lpsid) A cleluall (s ADA e Jaadl gl g jaall D)
Llatil) dpaal ) iy Lee (GA Gyl aladinly e O Al Jilie s i) de)lsal) sladiiul
) a8 Akl 8 Ol asilY aal)

Lsiaad) Alleay) Aiteily Atail) Aelin) cileluda (gl Aygial) cand) (3) Jsaal

Glia M
_ Cndi<a e 33-Bus
GA FPA NSGA
II
31.73 34.08 34.15 32.76 ) )
28.2 % Agladl) Ao Uaiu) cilebua
% % % %
30.3 32.98 31.77 ) ) )
o o 33 % o 27.62 % A i) Allaay) Adtct)
(o] (o] (o]
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0.94

Voltage Magnitude (p.u.)
o
6]

0.93

0.92

0.91

0.9

15 20 25 30 35
Bus Number

33-bus 15 A8l ClESA) Jpasi g g gpaadl) Gluall LilgSl sgal) o (6) Joil

NSGAl Ji= =357
.'.a-'l‘j_i'.ﬁn.
0.022 | ' ' , | | ' '
0.02F ¥ 4
0.018 | 1
EX .
@
=
2 0014 | * .
o
&
% 0.012 t .
0.01 * :
»
0.008 | * % |
0.006 | S 4
0.004 L L E L L L L L .
25 2B 28 28 3 31 32 33 34 35
Total Cost {$/year] «10*

33-bus delad s A8 ga aly CifiSa Juagi Ala A NSGA-IT aaj lsdd sl 4 Jols £3468 (7) Jeil)

journal.tishreen.edu.sy

Print ISSN: 2079-3081 , Online ISSN:2663-4279
546



Loya b sl ¢ salin el sl Sl 3 i) JSall de il S a3 NSGA-IT daa)lsall alain)

NSGA-l Jf= =35

0.024 . i - . .

L3
0.022 L

0.02 .

= = = =
L] =] =] =]
- —_ —_ —
] Lo o [==]

vialttage Profile {puw)

0.01 b .
0.008 | L . ]

L *
0.006 o

0.004 ! : . : LA —
24 26 2.8 3 32 34 3.6

Total Cost (S/year) 1o

33-bus delad gy Ad e (uilia Juagi Ala A NSGA-TT 4eajlidd 63l 4 Jola £545 (8) Jedd)

NSGAl Ji= =35
0.02 | i T T T T

0018 .

0016 .

=2
=]
=
.
T
1

0oz .

L
0.01 | * L .

Vialtage Profile {pu)

0.008 | - -
0.006 | * - 1

0.004 | - -

DDDE 1 ] ] L 1 1
22 24 26 2.8 3 3.2 34 36

Total Cost {3 /year) «10%

33-bus delad gjsi Al pa liiSa EME Juagi Ula A NSGA-TT Aaj lsad si)ls Agea Jola 555 (9) Jeill
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t@luagilly claliiiuy)

ralaliiiay)

Aay) & NSGA-IT adle gadll e 5l < dgial) dej )il Adlad Lede Ulias 3l Sl (s
Loy i) il Jsls desana (g o)lial (S (52 dpeladll asill lSad & CliiSal) il JiaY) Jal
@y JiaY) dall Byl A3)lhe ST A5 pe Aed i) sy Lae g yaall lyeSl) alaill Gailiad ce G5y
elad ans 408 e BFS aseall glw Gapld ae dajial) Gapball Gula & 2l Cilwy)
KA Ay Adadl) deUnn) Glebica paidd PR (e LI Q) J48 Gagy 33-bus duuls
O Lulal) Al & 5lyeS)) AUaill 40K0 28l ae 45lhe apenill lucall  SleSl agal) ad sy

raluagill

AGE B Al Y Jleal 35a SlieVl 38Y) ae CESA pagil JieY) Jall alay
Lo aysill @lSas 8 gsall adgill jobiaad Jil) auasall slay) 8 NSGA-IL dej)lsa Gakas

-1
-2

clelpal) (i A Juadl IS0 el

bl 483 <l 3 NSGA-IT dge s alasinly due i) clESall JiaY) aua gall 4y
s Lee el il ASed 8 Baiall Jleals Alagially 356 Lyl GESA Glusally 339

-3
-4

slanll @l Yl 3

Ailally Lo L) 5,00 aysill Akl 8 NSGA-IT 4 lsd elal lasly Ay
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