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Abstract

This paper presents a multi-objective optimization model for optimal placement of fixed capacitors
and voltage regulators to manage the voltage profile of radial distribution networks, in which the
realities of the distribution network of Ahvaz city (as representing the tropical regions of southern
Iran) are considered. The objective functions include minimizing the investment cost, minimizing the
sum of absolute value of the node’s voltage deviations from 1 p.u., and minimizing the cost of energy
losses on the planning horizon. The optimization model is formulated by considering two different
load patterns according to the warm and temperate periods of the year in Ahvaz city. The loads are
modeled as a combination of constant power and constant impedance components and the share of
each component in the warm and temperate periods of the year is considered in accordance with the
actual conditions of the Ahwaz power distribution network. The cost of energy losses as well as the
final profit of the project is calculated based on the current rules of Iranian power market for active
and reactive powers. The optimization problem is solved using multi-objective non-dominated-sorting
genetic algorithm-1l (NSGA_II), and in order to choose the best answer among none-dominated Pareto
front, a selection index is introduced. The proposed model is implemented on two 33 kV test feeders
(i.e., a 33-bus test feeder and a real 123-bus feeder from Ahvaz distribution company) and the results
are analyzed.
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Figure (1): Normalized curve of the average daily load of a typical feeder in Khuzestan province in two warm and temperate periods [22]
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Figure (4): Hourly electricity market price chart for warm and temperate periods for the first year, a) Active power b) Price coefficient of
reactive power compared to active power
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Figure (5): Single line diagram of 33 radial system [2]
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Figure (6): Single line diagram of 123 radial practical system [22]
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Figure (7): Voltage profile diagram for 33-buses test network in the basic state (maintaining the existing conditions)
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Table (3): Numerical indicators of 33-buses test network in the years of the planning horizon in the basic state (maintaining the existing

conditions)
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Figure (8): Voltage profile of the 33-buses test network in the first scenario related to the third Pareto response, a) Peak consumption hour of

the first year and the last year, b) Lowload hour of the first year
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Figure (9): Voltage profile diagram of the 33-buses test network in the second scenario with the implementation of the plan related to the
fourth Pareto response
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Figure (10): Voltage profile diagram of 33-buses test network in the third scenario with the implementation of the plan related to the second
Pareto
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Table (4): Non-dominated Pareto responses in different scenarios of 33-buses test network
Aol Y'Y o 4l o gl gy jLaw 50 99 )b gdrol szl :(F) Jous

ol sl sl e
pol Po £9° Jd!
YoYY/A YOAF/E YAVEN YY¥/a 5y Gl ol el
YE\FA YYA\VY YYO- Y YYYVY &5l olals ayse
ar ARas A A gl (6,35 aylo s aissn
OFYYA- b% 50 OFV-Y- A VY- CasoW a5 5l 5235T, Olsd oy 5 diy 3o \
ASYI00 ADYIVY AS-/EY AS- Y CosoWly a5 3l 55T, g5 ay,5 iy o
VY-V VAY - (PR Y U B R T A )
“ VE-YA-F. Y YY vy oy O3l olKe 05
B/AAYA AIOY /A AIYSAY ET IR
£ AF FYYEY BIVYIY FAOY/Y 5y Bl sl
YoAD- YYYY. YY\PA YEYOS &5l olals ase
VY /E Y10 Y10 AMAA/E sl 6,15 o pos 4ty 0
DOAVE- HOADY- HO4-Y- aF- Y- oW 45 5l 55T g8 0,5 any e
VYEV/A VES- VEOA/S VPOV /¥ CansoW s 51 55T, Olgd oy 5 diy 3o y
YA-Y) Yy Ya-v. voovy v o3l e 0,5
¥ ¥ ) )
-[AaY) v AATY) ¥ [SSlegsl ,95¥s5 5 (29,5 05
. (V- ¥AY/AASE) 1 SYA (\/+=+0/AARS) (P55 0555~ Joins 0,58 ) sankats 5L
IAVEY SIVAYOY “IVYYAA “FYYAY 2] gzl
YaOY/d VASV/E ¥O4-/A Yavs/a 5y Gl ol asls
VAFYA LB AT Y5 YEYS) &5 Slals az e
SEVYIY SEVEIE YYVAY ¥.qf gl (& 58 aylopus aiysm
BOVYA- DOFYY - BOAVD- BOAFY- oVl a5 5l 58T g5 0y 5 any e
VeVEY 4 AN \YSOIY VFOY/E GV a5 51 55T, Olgd oy 5 diy o ¥
FooFNSIFSYA | VVVASY STy | oyvovaoy. Y. O3l olKe o5
Y@ ¥ (Fs) ¥ @s0) ¥ () egr) 055 1(p )5 0,95 - Joine 0,93 (corlais )
YO s £ 5-)) - - SSbegsl 58 )95V ) (295
VY VIOA YI¥A B e
Yaav/o VASV/E ¥oa- /A ravs/a 5Ly ol sl
VAFYA YeYVo YV\$e YEYS) &5l olals ayse
SEVYIY SEVE/E YYVAIY v.qf gl (6,58 aylopus aiysn
BOVYA- DOFYY - BOAYD- BOAFY- ooVl a5 ) 5351 g8 oy ,5 any 3o
VeVEY 4 AN \YSOIY VFOY/E GVl s 51 5255T, Olgd oy 5 diy o
FooFNSIFSYA | VVVASYeSYeoFY | oyvovaoy. v o3l e 0,5 ¥
) ] ] ] [ Solegsl ,55Y55 5 (795 0,5
(P55 0595 —Joims 0,90 ) (gordais 5Ll
Y (5°) Y (F5) 0,55 [(p,5 0,99 - Jdins 0,90 cenddls 5)
YO 50 5 5-1) ) YO Stlogil pé 15VsF ) ar>
VYY VIOA YI¥A B ] Ly
)15 55V 5 (29, ey VS bl IS oo Dol | 355 Sl a0 515 5 0 15 o0 18 L )0 (5 jsboar Sl 65YsS )

(AN




IWANAE Nl /s o leds [003l Sl /5 Cato [0 Jioadigr sla g, as 5id

44[.4}....: uw..f)l.v J}Q.bo G'LA) O)La 5o Lméwla FOV-SIRY) 9 Cwl ) )‘ )..f)).) LQCL...J[J Ao LS‘J" ul?u.)‘ ua_‘>l....4 (PG 65.‘)L».w o
ua.n.v &= 9 SO 6)‘.)).30]@‘4. )L?bo 009dZta 4O LQ)L.JS J)|9.A raLo.b B as MQGA uLA-MJ meuul.u ul..j)? oy Lo .A.’»)L)
odls ool ULW (\ ‘)gjiw ) 6)).0 e aw e ‘QBQ 654)1.7 Z'L...Jla 6‘).' 4Su...u )L‘Jj J.Jj)a sda}o.u L.S‘)" el 0005 C) LSJ..S
..b')‘.) )‘)S d)lbﬁo]g‘g )lJLo 0dgdZa 4O Lm)l...lg gopsa oo live ASQL.M ]

o, 5Y58, 5l g sl 0 g sl lie ST glagaly 4 ke ileding dlae > o)z ol 0
Syl 50 998 oo (& glol sl Silagsl 5Ly L85V eS, VL anje el cpl cde ol saii (sloslainl o Slegsl
4y bgwl 5l plaS g Ll 28,5 )18 (610 0 540 jlone ogaze ;o 5y Judgn «Sslegil 5Ly ,5¥s5 ) S0 (bl L pgo
9 NS0 )P jlme e3gaze 3 Wajls wa «SSlegil et 5Ly He5YsS ) So RS L g bs cnl Ho il gl
Lo Silogil 5L ,55¥ o5 ) 5l oolaiul 4y (g5l 1) 5 09 oo (870 Ailo s CiST3L o

Oy Oz bl i)l a5 sl (sbvosgasms jo Iy asiils 5Ly asines o8 ol 4 byl dagsluacs mls 4 axei L
p,f d.]oj.!).o 6[{&4...:).0 9 onL» d.iw )‘ ol ud.} 5..‘.».5|) u‘}) A“?’“G" MQLI ‘J..u\scso &.9"))) gﬁJ‘m u)j,.oc\.: ‘) 5,.5‘)
1) 09 co 05 5 aSe 95T Slals 5 09 o O3] a0 595 bghas b b ccawaVl aSis 5l 55T, ey Gds ialS b ogl
Cel (3 65,80 cui i cpl 4l oo alS 50 abgs e sladi ja g CawdVl aSl il eals i 98T g jlads
SHls (om p ilopr S2S5h g wiied Sl Sligad bagy sl o Bib jlasdin ik o @i ES 20 laan e als
ol gyl (6,108 ke yur (a0 Lol 0isS adans |y 4t 5Ly Judg it {08 Silegsl 5Ly slo,5¥sS ) K0 (Gom
oolawl I aniie aSll 5ldy gy bowi 4 o8 paS o IS ale s anie b Solegil e 5Ly (slo,e3¥eS ) ol
L1y aseds 5l 5 00 00 99 2 Sl laShs 5l ls a5 99b o0 2l (35 9 Sbegil e 5Ly slaysi¥sS ) losen
g S e 3ladl 5 (B sanxr 93 pm (585 Sy

Slegilyed 5y 19555, 5 Cull Slap sl Sl (oS ad YV ol (g8l (o oste sty Cupoe sl nlnle
3,10 455 6,00 150 40 jlxe 00gue o

o WYY los o a5l (gl go0e gl —F-¥

Al WY Cs oSl 5o Gy ,9Y95 5 5 3l 6 )4 pos 5 99290 Ll Lad>) by <l 5y Sy (ow)n b
Slaiedy byl 1 golaws ;o 5dg aud pgs Jlo ;0 0,5 0,90 B rae Sy Celu )0 4 05 oo cdaline (V) IS0 L gillas
Sondy 3,55 Sjge Sy el a5 Sype ;0 Grpaelin B Slpie o b wd; b a8 Cl i Sede (A Sy
el 59 g 5y Gl ol 31 S5 gl Sl Jates )90 50 (3,1 5l b amlys 50 lpe o S 51y Juds
2 ol Jlo 5o 4K el 5o o8 LT 00,5 o iy SIS ol s 5T cslolo 1ol i, b 4] o el (5,8
ol 0025 gy 0 3] Jlos 50 Jaae 0,90 (gl Lol 1 05,5 od samline (g5l g aBlol Joiias 0,90 (5,LpS el
Al jo wleas 5Ly 08 ass (o pgo Jlo ;0 VYT L A9 gla s 5Ly 08 oo onnlice (V)) IS j0 a5 jgbjlen
Bk ol aload w3 LAB s WY B 77 5 PF LB YY) (slacyed 5 ond oy ole & oSl Sy Somdg Jb o, b g
Wy Gl ol Sl i yaelin B3 Slgin jo g iy (mlie Somdg Jatae )90 )0 5y Ldgp 45 98 ce onmlive
®) Jga 3 G ik 5l 9581, Oy w3 ase g (6550 Ll an e a3l Gy Sl (el sils pealyss SIS
359555 99 «Sslegil e 5y ,95VS 5 90 Slas Shlr 4 bagye @l colering Jodo (omyp Hohaie 4 Sunl oud &l
Slgal wyp bocwl Jb) Osekee conmp brase a5 ool 1 (F) Jsazr 5o ol 315 das 0o 5 Soslegil 5Ly
55 )5YsS ) et 5 Sl 0l bl Slegil 8 5Ly YT, Ko Laid aS 05 5 o0 enmlive «(F) Jguz ) 95,k wglael
lagewly dod s, 5 aied ) 5l 5,5 Sl (asls Ll lagul dan ol 48,55 )3 olitl 550 Soilags]

(AR



(P o — yopin dgdl —ooly 6 S e/ aduaais gluaige Jow S Q)

1.010
1.000
0.990
5
£ 0980
]
g
£ 0970
>
0.960
1 '.."" . . "lln--n-ln...“
0950 i e Tttt ftarsensetteenen
\ -\---_._\
A R i Sy
0.940 Sfemsm—-—
SN~ A O AN A0 NN AN O AN QNS
HEH AN NN TS T NN OY O MNMN0000000 0 AN
oo e

bus number

—Jj‘JL« f;\j°)}3‘-<-ﬁ,\;-"L" ""HIPP\-T‘L" f‘)jx.'; gﬂ:ﬁﬁﬁ,ﬁh

---J}-‘th;\jcﬁ:\_{g&b JJ\JL.«JJCMJUJ:;{_.;Q&L«

Sg2g0 byl as b Al ITY e o oSl 59 Judg g Hloges :(1) JSCi
Figure (11): Voltage profile diagram of 123-buses practical network while maintaining the existing conditions

Table (5): 123-buses System conditions in the state of maintaining the existing conditions
S92rg0 byl pi bais o 53 i WYY i Lyl oo 1(8) Jouir

G350 981y Gl Wy gauie | 33150 ST plg Wy auge | 33150 5Pl ol ga e | Olpil el
(Jby sgubno) (532580l (Jby glre) 532380l (Jby gebno) 532580y (Caigr ) W9
FPVA/Y YeofAe VY- aA- VYEVE
Table (6): non-dominated Pareto responses for 123-buses practical network
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Figure (12): Comparative voltage profile diagram of 123-buses practical network during the peak consumption hour of the second
year with and without the implementation of the plan related to the fourth Pareto responses.

105
104
1.03
102
1.01
1.00
0.99
0.98
0.97 o

0.96 o

0.95 o i
0.94 i S R

0.93

0.92

voltage(pu)

bus number

Aol L o] T s rerns S el Aol et ] Il s ® e aren S sl
TS Ve BRSO e TG o e e G S R

a bgrpe b 612l e g b 3T Jlo O pae Sy el 53 e ITY Cond 4y 5Ll by . (glumns Lo Hl3 903 :(VY) S

Pk 69l sl
Figure (13): Comparative voltage profile diagram of the test network of 123-buses practical network during the peak consumption hour of
the last year with and without the implementation of the fourth Pareto responses plan
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