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Abstract 

The minimization of power and encr~y loss in distributio' 
haa ~ prominent role in power system desiRen .A previous 
developed procedures for optimi7.ing the reduction of th' 
by using il specific numuer of shunt capacitl~e compen!'!a 
This paper presents il method to cLllculilt'e the optimlll J 

silunt capacitors in e d iscrl hutioll l'lystem with Inttcril 
The method I!'! based on the dYllilmic progrilmming 
Numerical e~ilmples are tested and the re!'!ults sho~ 
metho~ provide!'! moce loss reduction thnn other appJ 
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l-lHTRODUC'j ION 

The reuUcl ion or pIH .. er "II~ enerSy loss produced by the curren 
flawin~ into a distrihution system is an important' Dhjecti~e 
The shunt capacitors are used ns a ~ery effecti~e ~ool for thl, 
concept. P:'Irticu];)(ly. with nevelopin8 che ~wltclling and <:~nr.rol 
sc he ....... ~ oft hCllc c,1.1'3ci tn r /;, chei r a ppi icn t ion ShDU 1 d l>e ,no t-e 
econallliclII I-Inny I>flpers hove n,an~puJ.,tcd this n!\llect by usinr 
complltl'ttion::1 tL'c)IIlil/ue!l Co '/('lerminc tile ore:i,"nl. conditioll!':. TI,,_ 
a I' L l"~ I I L Y l' I'l) til c'" h,1. n h" ,,,, ( 0 y' '" II 1., t "II to he f' u h j c C t c d t u 
nlinlml':inll tllc I)o .. "r nnll eller!ly losses .. here the reae t i ve pow!!r 
103s is n!!glected. 
The optinm! techni'lues h<1ve been l1~ed to solve this problem for 
radi1l1 (ceders. 'l'he:,c fe"dcr" hove bet'll ta~ell '10; uni for'" ~li "CO 
with uniform <J1.~tr1IIuted l",,<.Is C:~lIncc:tcd "'ith [i~,...d an<J lor 
sWitched c~ pac ito rs. The vLl r-in ~ Ic s rel' rese n t i 1'1 r. the Cpt ima 1 
probI!!1II St.1tC9 nrc Lhe si1.!!.loc:l.tion. tir~e iJJ 3ervicc <lnd th~ 
nunl~er of .I.1,;erU~d CtipaCllOr5 II-I, J. 

The work Jane hilS extei\te,1 tD solve the prolilcm (or c~rc:ri"f\ 
fceders. An equj vnlent moucl hilS bccn derivcd. 'l'1:i!:: mauel has a 
uniforlll rcs.l sLnl'lce pcr u"it J cnp'th wi til the ~;1Ime losses of the 
original 1'[,Y5ic .. 1 system. it h".~ Ilcen <llI:llyscd "hen ill'pI)'lllg 
shunt Cll1'L1Cllor.!:,li)(coi or :5"jlc!,ed,rS,6j • On til" o~h"l" h .. nt!. the 
a p tililn 1 t ec II r\ i 'Ill C ~ u:. r. d r 0 r L Ii i ~ con c e I' t il r e cit Ii r. r L Ii e ,I)' n lin' i c 
prop,r::Hlmi'q:: (D.l'.) I I". rrallh i.e .. ) methods () Lor dccomposi tioll 
aPrroLlch [6). In thc l~ter ,thc prol>lem is decomposed inLo 
three .. "hprohlcms : 
1- Uc t~rTT)i Hi') t ion f) r 0 In .. i nUI"1 !Ill 11:' G! ,.c s U."1111p' !'::: pr'c.i [j (~tI loc.1. t i ('ln~ • 

• IIHI .-;" i l c Ii i "1\ t i (II C 
2 - C 11 J cuI il t i 01\ (II t h cOl' t i ,~U Iii s ,d t c h 1 n r: t i I:I[~ us i " R 3 jI C c i [ i e <.J tJ LI n k 

sizes Lllld locat:'on. 
3- Deter-mlnnLloll ur "1't;'l1'Iu", Inc;,tion,u"'nR """"i fled h.~nlt si7.c~-

(11[(1 .~ w i L c Iii II I~ L i ""~ . 
The optimal solut~on c~n he found ~y u9ing 
around thc three sul>prohlcns. 

iterative techaique 

Th~ nbove stuterl '1orlts ,He i1c;,ljJlf, "itl, tl,,~ prulilc ns of CZlIJacitor 
lo~Lltion Oil such (cp.dcr~ lI~ii n,~ ~ sequc1t:li\l ("Lrair.Jlt "",oy) 
[ceder model whi cll doe!'> not iilC J lIi1Q IDtcr"l l>rDnchcs. 
In [71, the nut'lor hilS I'rCSCllCcd Iln appro,l<:h (or capacitive 
cOllpensation of dl<;tri'lulion feeders illvolvinfl Interal 
b .. ""ches ."hiccil h."""tl "1'011 th" l n~~I[JgicOll tree ~;truct\lre of tile 
rLldiili sy~lern. SO.l!'c r.,([i;d distril>utlOll feeder may l>e 
co~sidercd to he composed of oflcn p"tlis, One of the open jlLlth3 
shou 1 d be c h 0 sen :l s il ~\;"\ in p:l t h. 0\ d 111 t i 0 lin 11 y , C'D eh (> l,e" Pi,", h 1 s 
con!>idC'r~cl .''''.1 "ct of CClnt [nuOll~ !;t'ction~ .For ("Llcil scctiun. th" 
reactivc cu rrent d istr i hution rune tlon i:; cnllstl"uctcotl. Then." 
function DE n Ilr:t _~.'\·lnr dup. ;:0 .11\ ; .. ~sumed IllImh!:r of fixed nnd 
lor [>WiLChcli C:lI'.:\citor c,,;; bc dC"l~Ioped. Thc opti,~tll nee: sn~ing 
C .. II l> ~ [uu II 11 h Y II sill r: 1111 it ern t i \' C t 12 C h n i q u ~ LI r au 1111 the t I, r e 12 

subprobIll'ns nr,,"p[ y. "olltl,nal "ilIlJ( sitc,ol'tif"ill loc"tion LlLId 
o J'I [ 1m:! 1 L fI ~: L' r vic C!- d II r ~ L i () II n. 

T 111 S I' {\ I' ~ I" I " L to)il 1I c c" L to t:' " I' P I l C II h ill t y 0 r IJ I' l 0 ~,D J vet II e 
optimni cLlI',1c1U.ve coml'ens;).tjoll prolIlcltl. It is t"ken into 
considC'r.:Jtion ~ sCllucntial Iaedcr lind" .feedcr wIth Internl 
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hral'\ches connectcd,lIic.h cl.thcr fl.~ed Jor .3.!dtched CIlI'Ilt"itors. It 
has Ul'<'tl found tll~C tl'e u\.!"elo~ed tcchni'lue in this pup~!" leads 
to 11 savin!: in lo~.5 red\lction greBter th<ln another aprlicatlons. 
c • g.. L II C II c t (l ,,, 1\ ttl!:. { l I U II :'1' P r <'I" <: II III< C ,I i II {7 I . So. 0 C (1m J> \ I: t I:! 

cOQ'parisorJ j 5 introdllced in this p;;per hy opplying the two 
tcchnit'lIlL:S to [ollr IIIl,naric,d exn,"plas, dClIIOnSI.Llting tile 
different farms of Jistrihutiorl feeders. 
The !'lCl(t section illuslr~tcs Lile D1' c'lncept as :l ,n:>chl>lI1<ltical 
toni. The Dppllcotion of thiS concept to e sequn[i~l feeder with 
fil(!d and lor switched capacitors is explained in section ). This 
appllciltion j" developed in sr..:LJU:i q to .:lpply the! DP to tl fl:!cdcr 
IoIlth l:lCcral hr(1l1ches. A I,r,c[ \Ircselltnti(\[\ fer Llle dC!cO!1ll'nSll:.io!1 
al"pronc.1 ond the cOr.'lpcrison lJre i 11us~r;ltcd in s<!cLi:lIlS 5 and 6, 
tCSpcctlvely. 1hc conclusions arc in section 1. 

2- CIT~ERAL HATnEHATlcAL fORMULATION (3J 

2-1 D'ftHHIC PROGRAHHI!:C APPROACII fOR S3QUEN'IIAL S~STE~lS 

Con sid (} r a 5 c it u e n till 1 s y!:l t c m ~ h ..... Jr i n II i/;. 1 . l!:" ... II s t t1 r. c t:1 C;I n 
l>1! rerrc,!;cntcd lIy the [ollo','irq: illPUL-"utP:ll e~\lntioll; 

Ilhcre. 
m 

II 
m 

II 
III 

N-l 
xm,,~~"m '3 

I m I----,/JH-~ 

'-----' 

II 2 

rig. 1 .. 1 scqncntilll sySLem 

l< = T 
\\\ 11\ 

III 

1 J 2, .. ~ '" , tl 

input of St<lr,C!., 

output of stage m. 

1 

J 
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Sl.IppaSllll\ thaL. Lhe ah.icCLJVl") f"IlCLioll 

N 

Y is !'.ivcn jn Lho forlll, 

v 

\.Jocrc, 

L 
m ~l 

'I 
m ( 2 I 

is Lhc caSL ar prnfit function 

assaciated m th.!;tl'l~~ .St~rtJnr: hy st:lRC no.1,thl! cantr-aller ~lU 
mu s the s e 1" c t (' d roo p t i lid 7. 0 VI !l t <I S P e c if i c vol u e x

2 
~ x. 

The aptimllill ~n1"c of rhe ohJective functian '11 for sloge na.l 
is [liven hy 

( 3 ) 

\,'oor e, 
the optimum value of the objective 

far stDge no. \, <Iud 
~ the superscrIpt denoting an optimal value. 

Consequent ly, [or the 211<.1. slar,c 

~2 )) ( 4 I 

In [lenertll,for III tho sl."r.<',tl,<, (:O<;L j<; farm,,]nted hy 

From c~lllltion (5) x 
m 

" III II • ( S I 

arc knawn from the colculocion 

of staGe no.(m-l).Thercfore,by selectin~ the controlleru £ U 
;H .J speci[ie!! value of xm+l E:){ IoIhich optilllll:CS thell'l.rnnction 

'I ,thf optimuill cost 
o ~\ 

III 

H. toe optimum conlrolLer~ 

con be calculated. Varying III fram 1 to 

• 
um €: u ilnd the currl'span<.linc: optimal 

cost or prof it y are compu te,l 
m 
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2.2 DYNHIIC PROGRA~I~I1I!G APPROACII FOR S't'STE~jS WITH LATERAL 
ORANCIIE~. 

To apply the UP to II :systelll ..,il:h :<1L"I'''\ bronches, it 15 
decol1'llOSC~ i~to .'3Ub.~ySlCr.IS tc perform the sc~uent:ial chains.Each 
sequential subsyst~n ciln be independently optimized.For 
e l( a m pJ e , con.~ j 01 e r the !o' Y 5 t e Ii' ,; I· o\J n ; n F 1 r. .2. "h r. r" ,; t L II C 11 nit )16 

between scages no. 6 & 5, it is deco~poscd into two ~equcntial 
S lJ "S Y s t e In s I ~ I I ass h 0 \I" i n I'i A . :! • 'j' h" i" P II t - n II ll' ute ~ u ~ t ion s 
for the different stap,es o( tile $lIhsysl"IU 1 c:l.n lIe "ritLen ,,$ 
[ollo"~ 

~1 '1"1 u). >(2 

x
2 '1'2 ( ~2 · x) . x 2 

) 

)I.) T) ( u
J · "6 

"5 T6 ( u, 
0 · )1.7 ~6 1 

5 5 4 
LJ u u 

x7 x, x5 
;(. 

6 
:J 

5 4-

u 3 u 2 

-x/ X3 x
2 0 - 3 2 .. 

u . .. 

-
x 2 1 I Xl 

ric. 2. II r l\ 11 t: h i n ,: s y ,.. t em 
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Th~ optimum COSt of subsystem I according to cqu~tion (5) is 
Riven lJy 

* H6 ("7 l .' ( ~13 ( "6 ) + Y6 ( )(7' )<6' x6 , u6 II ( 6 1 

Fo~ tile se()ul!!1clal sulJ~",5telll II Lbc jnl,ut-outl'ut equZlt:lons ,HC: 

J<4 ~ T 
4 "4 , ><5 

"5 TS Us 1(6 

The op ti;"a 1 cost of s tn r.r' no. S is Ii e [i n c Ii by 

1-14 (J<S) Y4 ( J<S , x~ , u 4») 

( 7 1 

From equations (6) and (7) ,each Subsystem can be opti~ized 
!ndiv1r!unlLy. The 1:10(,,,l oplim""1 of llle "hole !:ystcln C~{l thcll he 
found by or t im i z i n g the 1 ink J<6 accord ing to the foIl Ollin g 
equation : 

+ * ( B ) 
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u E u 
2 

u 1 

~ 

xi I x6 lC.,. )(2 !r G 
) 

f 3 2 1 

ubsyste\1\ I x~ ~ lC 2 0 
s 

u) u 4 

x~ X:c; x. 
0 

:) 
.. .. 4 

Subayste:n II 

J- AI'PtIC,n!ON or DniAMIC 1'1:OCllMHIHIG TO IUdJlAL fEr::ra:RS 

3-1 illE SOUHIO~ ALGORITIU! FOR RADIAL fEEDf.RS iHTI! nnn 
CAPACITORS (SAr). 

The [ollo"'iC\g "lunriLI\lu C·lll he Lilli" l.cd L<' (ilt" ra"i~l fceder 
(scQuentinJ SYS[;CnI) sllC,,"n in FIr,.lI. It is npplied to fin.l n,!!! 
optimal s~ze.locatlon and number of shunt capacitors required to 
!!\i!\~'Q17.t! thl! \lower ,,,,,I (':"""r.Y 1 O.,,,C:,; hy IIS1 n!~ lht! Ill' conccpt 
[ 6 J • 

N N-l m+l 10 -, 
" 1 B fl (1 L1 {1 ?l (l 

T I T 
"----T- r T 1 

Fip,. !J ~ 1~(1d j ,"I ! f ,'cdc!". 
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Th~ olr.nri tlllil : 
The feeller Hodes 'He !ul!clc:d in an oSCe!((jl,ntl order l:Ol<ard the 
source ns sliOl/1l in ;.'ir,. 4. 

- A un 1 for m { e (! d" r 0 r u ,n t y 1 en r. the qui \/1) 1 en t tot" (> 1'> h y siC a 1 
feeder is deline..r[5j. 'this is £ocPlulated in t"<J steps as 
follows 
n) L is the l~n~th of the equivalent feedbr with a uniform 

u 

r ~ s i ~ t:J n.:: e ;w r II nit 1 C 1\ g Lit -11 IHI c »11 he col c. \I I ate d h J 

L 
(J 

'Where, 
L 

m 

N=l 

L r. L 
III lU 

c
k m=l 

1ennth at hranch ~, and 

resistLlnce I,er uili t lcnr,ll, of hrClnc!. k. 
hc chosen us the resisTance of the 
uni[ar,l f(H-:tlC!r. 

\Jb iell C.:J n 
equi va tan t 

'i'he phySIcal lelll:tl! o[ H:Ctlon L ;~!I~n he mndified to 
lelll:lIl I. !lhe rc. 

urn 

L 
urn 

r 
m 

in 

b) Divide each sect jon len~th of the cqu1valent fee~er by 

1. t n y 1 c \ d " 1\ '0 l' 011(11 i % (., II I.! " \I i vale IL L II n l fur III r c (! II crt 0 11 " i l Y 
l~nllth anJi uniform rCS1$t4l11Ctl l' whet!!, 

r 

m=l 

L r ohms per normLlli1.ed ur,j t l~nflth 
m m 

- A shunt cQ,ac!tor bank mDy he in9t~11cd at e4lch node. 
- E4Ich node on the fecder CDn he considered as a sLnCc of a 

seq u c n ~ i;:ll s y s t em. Fig. 5. s h 0 1/5 l he ,10'\ e II 0 • r. ••• n .. hie h I i 
mtl ' 

rcpresent the Inp!ll .... ',tput: ono c.t'lntroll"t" of the 

st3Cc m.rcs[1ectivcly. 
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im+l im ... m .. ------

icm { 
II 11m 

Fi1;. S. Tit" (;\.Irreul <It. «otic Ill. 

i 
m I icm 

- For c~ch node m.th~ clemencs of the sLane tahJe arc formed as 
fol10 ... s : 

i) A dlSCret;e set 1m of Otlt\lllt currents i
m

:1t node 1II .... hicn is 

defined as i E m 

taken ilS the SUIn of the 10;:llls Il t nodes 1.:2 •.•. ,m-l. 
i i) A rI i s c ret c set 0 feLl (l a c i (0 r s i z e I "'III ' J:: i s c h 0 s e II 0" era (J 

n () e 'I" ;) L C r ~ J1 Ii e • 

is 

iii} 1\ set of input c;urrenls, [mH .~hich is cornruled 1ft terms 

of the clements of out~ut currenr set and cupacitor slz~ set 
h y " :; i ,) Il l II C' r 0 )} 0 wi" I: C 'I \I n \. i ,\ n 

where, 

iv) 1'ne 

i 

i 

i 
,11+1 

m+l 

Cr.l 

lLtn 

i +- 1 - i 
m L!11 em 

E I 

E I 

~hC! 

S 
m 

m+1 

C;:\ 

16aci 

of 

;:tnJ 

Curt"~nt D~ 

section 

",.1 to no,l.., In and i.S deftned ns 

( 9 ) 

node m. 

,,,ilich COllnccts Lhe rode: 

( 10 I 
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'Where. (LP) nr.l! I Lea <Ire the rc<.lLlcticn of [lenl< !IOIolIH ilnd 
III III 

v) 

energ power losses at section ~. respectively. 
k k' ~ Qre the cost of l,eak pover • the cOSt of 
p' e' c: 

energy <lnd the cost of the in [1 tall c (\ c LI f1 iH: ito r II t n a II e 
III, rltspect ively • 

The m~x.5~vins Eor section rn cun 
nqll.1liol1!1 (9) I'. (IO) for c()ch (lLlir of 

be depicted uSinll 

im+l <lntl icm 

- " 'fl, e t) tl L Int t cur r ell L H l IU": C no. I e q u <J 1 s :t. c.r Il • '1' II cOl' t i IIt<l 1 
C<lI,oci tor size Clnd tile inr'lt current nt t.his node C.OIl be 
directly obtwine!i. ,\t the snne tir.;,e, the inj7ul. current at node 
110.1 tHIII,lls the <lULpnL ""rrellt at nod .. Illl.2. Gontlequently,the 
optimal cafl~cit!)r ~;l",e and 1.he inpllL (\(crent at nOlle no. '2 
C(ln I)e depicted. l~ellenLinfl tid!! r'r~ce!i:S e.o <:o"'putc- the opl:lIllnl 
vnI'I.(l"lc!>;lL cach node st:lr~inr, frem the first. oo"e until the 
!'i:nli r(" r 1\(\(1 e. 

NUMERICAL EXAMPLE 

The UP is aprdled Ul ,I ril'lial [,:"tler nt ":>.5 KV 1.y usjl'\~ Lil(' 
31/:orith," Std" in ~'lC. 3.1. IlLll:J 01 tJJi;; lI,:<'!lcr l!i t;JlndClted in 
[~hle I and Fl~.6. show~ th~ ~lnclc-Ljnp dingram which is 
t.lken front IJort-I~()ni\d 11""'('\' IlCll,t)r::. 'l'hl~ loacl curlles ill c;]cli 
node i1rc n~ shn'W:u ;H ,..;;~. 7_ ~ftC!' h':I~I' voJ \.ng~~ ,lnll btts{! 
volt-amiler .;'Ire 5.,) 1:\,'.'; ~;I!.::; 1:\'.\, rc:;,,,cLively. Tile cC,~L ccnstallts 
<lTe r,ivcn ns : 

I< 
P 

k 
c 

and 

)20 

.. { 
the 

() 1.1:/ )-1'11. I: ~ ,\ I: lye i'l r [or " .. i lchc<l cop:lCitar 

).S I.I:/J-I'I>. I: \' (ll?/, ,-,,, r (ur t j .ce,t ~allacilor • 
onnu;J L cl[:lrgc ~ U •. :'D . ,' per :. ear '" 

,8 .., 6 '.) 4- 3 2 1 

1 ~ ~ I I l 1 
Ile.JctJ.ve lU.Lul:>. 

Fir,- 6. One lIne diasrn~ of eX~Il1Jlle 1. 
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\J~c iI.. u.( u.J 

" •• j, {' 1 

,i, i ,J 

/~\.~ 

Table 1. nata of exompl.: (1). 

Section ~! j re Size Overall 

HI) 
I 

}lu1\bt' .. III \liaI\\Cle~ 

mm mm 

0,2 0." o~r; 0.6 I t 

#orl~ ... ) 

0.2 o.{ 0.0. O .. S 1 t. 

<"2 0.. 0.6 D.. 1 • 

"auo W) 

Ilcsist~nc rhy~icnl 
OJ Ilranch 
/ HI Lcn~.in 

nl 

E. 53 

KVAI'1 
1.0,1 d 1lt 

enu sec.. 

------------~--~------------------------------------------~------~ 
)x50 51 O. :Hl7 ! .5 SO 
3)(50 5 I 0,397 2.2 50 

3 )](50 51 0.31)7 u,B SO 

" 3)(50 51 O.3f17 1.5 200 
5 :lx50 .') 1 I).]IP 2,7 () }OO 
6 lx'iO 'll n,3H7 1.65 165 
} 3,,50 51 O,]!!7 0.7 ('00 

8 ))(185 [, !) D,O')') I. 55 1750 
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0.0 C.l04 0.145 0.29 

0.1 

0.15 

0.2 

0.25 

D.) 

D.35 

Considerin!; 1\0.lc B ::IS Llil ~Xi)nf>le.thc [lllloliirq:: results, are 
obtained 

_ The uppcr and luwer c~Cmc"ln or lhc nnlput current~ set UTC xern 
& U.29 p.U.,rcspecLivcl,. 

The chosen ela~cnts of capacitor sizes act nrc 
a • 1 5 , 0.:/, (J. '! J, II • J. 1).:1 5 ,': (I. ~ I'll 

0.05, 0.1. 



Har.sour-a Engll1cering Journal (HEJI VOL. 14, NO.1, June 1989 E. 55 

The input current sot l~ 1s co~puLcd hy cqu~tion (1) to gc~ the 

s c tel {' '"l: II l!> O. 5 () J. (j . " :;:l, () . I, n J, O. 3 S 3, {}. 2 0 3 '" O. I 5 J ? U 

S i mIl a r 1 y , L h a :; a vi n r, r'> f 5 oct i (l 1'\ IJ Ll c C eH .1\ n G toe 'pHI t ion (lO J 
is, 

:;fI 2.15,2.2,2.)':1,2.',9, LSfJ, 2.65,2.7 e. 2.77 L.C!yciH 

Therefore tho lflilX.5.:l1l111& IS ::,77 L.r./year ,H 0.01., 

s t.l r. c t 11 h 1 C (I [ 110.1 c ~). T jJ cot II e r .s t :1:-; c t ,11)1 c s for the res t 0 f 
nodes can be c05tructcd. 

I 

I 
-+ / 0.017 

6 

I ~ \ ' /g~.or 
\ , - ./ Ij.Q~ '~I 

S I I I~ I \ /' ),05 O.ul') , 
4 

j 1~ I "' O' I /10.065' , 

1 I 

! 
I 

I 
I 

, /)~.~ 
3' O~~j 0 

.. 

-1--1 1 l 
// 

o "'. 
1 

'J.(llSj 0 
, 

o '\, 
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3 2. 1 

1 

SiORIe line dlanrnm of the feeder of example 
showln~ the optimum cornr~nsotion c~paci[or. 

1'h~ optimal policy L"hle. l:llll c :3 • i:; .led vetl [IY .:ntherin~ lhe 
1 il s t r 0 \~ 0 f s t:J net" 1>1 e.~ to Ii c.: c i II e l h,., "i' L 1",,, 1 r Cl U r. C! T his 
optimal route gives n lolal. !illvil\!: of IS.221 LE/ycar. ~cconllnli 
tot his [lO 1 j c Y tile u j) L i <lUI:) C;:l II 1\ r; I t f) r !'; 1 7. (' -" .. rOt <) Iw In U: din 
t a hl c ~. Fir. • Il • ,; II 0 " " l II C (1 I' Lil:li 1 no C () !II P c t1 : HI L i "fl C, :l P ,I cit 0 r ~~ 
c: 0 n 1\ e C ted L (1 l II c lee de r tI I r-~: a ,:( I' I I.. \. 

'1':\ I. \ e I,. Opt j ""'" 
t b the 

Gapacitor loc3tian 
~'o,of node 

;.tl.lltior, tiC r·).' • .'Htp!t,; 1 :1(~C':C]r!ljH,~ 

upll",nJ pnl}c,! hholfn in tavlc J. 

C.1.p!lcitor size 
I: V hi: 

Ana.ual Sllvin~ 
1,1:/ YO" r 

-------~~----------------------------------- --------------------
4 J 5 (j 
5 ISH 
6 I'iH 
7 I, 75 
IJ 12()b 

'total 

269 
1959 
2051 
277(, 

8J66 

15221 

3.2 TilE SOLUTION ALGORITIH! rOR SEqUr:::ITIAL FEEDERS I'; IT II SiHTCIlED 
CA(l~CI'fORS 

The reactive paw~r vnriaLicn o£ D load necessitates to connect 
the feed, .. ,,-it.h sIJ.l.tclled cnpacltors to keep a desired nl"~ching 
betw~ell tilis variation ;)11.1 the COn1rCI,sator!;. 

This $ectloll pre:;clll!; ;'11 ai,:urilhm ,"IJ1Scrlti:ceLl Ln:ld ,\ls:orictlm" 
(D.L.A).to solve the optimal c~~ncitive comp~nsation problec by 
usin& the DP, This sO\'ltioll is bnseLl upon .iiscritizlll!' the lOll!! 
eur~es at different nodes into 1ncre~cntnl tl~C~. The rcnctive 
TilIJl!! 'i. 01l[Lhl:..l1 I,oli.:,. r", "X:""!, I.: I aL II,,: Lin;L l:jm'~ increl1lCltL 
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~OllL!s at each tllrle incrc",c,.,r ar~ i1'lSlImc,1 to be cO"SL~nt. 
"ilCll tl'" ~AI' is illiplicd for LI,is j.llcre,rent to get the optim,L 
p 11 r 11 met e r s . II y r e pen t j n S t his pro cell 'I r cEo r the s 1I cc e e ,I i. n r. 
inc rem ~ n t g , th C' 0 P L i nit! 1 " t r n L e ~ y C;] J\ 1,,~ 0 h t rd J\ cd. 
't'll ... £0110"'1\'; ")<llfTIf\lc,cx,""jJlc 1,lll.Llslriite-s the ilp~liCiltion of 
DLA ro tile Eeellcr of ex.:!mplc 1. 

Exar.lple 2: Find the OprllO;]J 5tra~egy of the 
IOhen connectinti i[ ,;irh !p,itcl>~d ~ilpilcltors. 

shoIJn J n Fir,. 7, sito,il Ii he co,,[Oj dc'rc<l. 

feedcr in eX::Jmple 1 
The lood curves 

Solution TI'e ""r"Lion o( 10;:<1 clines is divit.ic<i into c!)uJl [ille 
increnlcnts 0.' 0,1 1'.11. 
The h .. s 1 cpr i 11 C 1 pIc 0 [ c 110 n" \ "I: I I, r. tim e inc r ['"' en t" j S t" tI [ L I, c 
loull \I~II·j~lLllJLl trllrjll.'~ c.leJI ill("l"C'llll:Jll i:·: n~j ;:;'J:.1;, 1 1 'l!; JJCIG,Sjtll,'. 

Co n sid c rill t; tile t"i r ,; r L j I~ \! [1\ ere \<1 ~ " t ,1I1<'c I 011 d c U f r e 1\ L S n t fee d C r 

noLles tire sho"n ii, Vir .• SI. nccortlln:: to t,lC r,i\len lotid curves. 

8 7 6 ,-
) 4 .5 2 1 

l ~ J III 
3';)4 jlO )b ~l~ '/2 30 25 14 

rig 9. IlcnCI1Yl' 1011[1 at [ lie l 1 rs L increment for eJ:<lmplc 1. 

D yap 1'1 yin r. S ,\ F , lli cop II ,.", I P ,>1 j r-)' t;1 I'] C :l t chi.s inc l"(! r.Jen [ C" ~ 
b" COn!ltrllcteti 115 Shol'" i 1\ l .. lrl c S. 
5~J1Ii)ar r;lble~ for tile nth'!r increment" Clre con.>rr\l::tctl to be 
ahle to dedllce the optil~'.Jl ~triltr~y. The raLin~ of lhc 
r:lultipl,,-tDp C"I'ueilllt, UhlCIi reeJ!lzes Lhe opLiITIill "trnter,y 
for node 8, is specified ill Fil1. 10. Tile opril~nl sLrn:e~y [or the 
[el!del' l,y U(;ll\\'. \~ultipJ~ - l<l[l ;11,,1 "n / olJ lil/jlcl,cu c!lll"riLor~ 
is shoo<n in fir:. 11. 
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Table S. Cpu!!!al policy for >example 1 at the first; time InCC<:!Jnent 

I~ 0 0.012 C.CJ4 0.OJ5 0.049 0.092 0.119 

B ~O.125b.3' 
L o.a ~ 

7 ~ P,516 

~~ 6 0.09: 

L 
).05 L .433~ 

5 

/ ~~ ).1::' 
0.5) 

4 I~ I / 
'" ).05 
O.ll,~ 

O.~5~1 I l , i' J. lJ. 

/~ 
f0~, 

• _J '" 

2 

I 

1 •01 1 
0 

'" 

1i11 

I'ig. lC. l'hc multii-'Iu- t.lp c~l'.:>c.ilC)f 01 node 9. 
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NO-Of Il~o\ll- -tlm6 curvea 
( ~ 1,na lJaEe 1" U7G~ hrs) 

in(!:~r;'ent tlt;",I7:l .La K.·w'lln .. 

"wtl" '---j- ---,---.----1 
tl t2 t) •. ~ t3 

-r-----~------------------~ 

(] ~LJO JUU 

IlVO\U~ 1225 

150 

0.2 0.4 0.6 0.8 1 t 

'jUO 

ICVo\ll I 00 

,uu~ ! 
0.2 0.1 0.6 0.0 1 t 

(, Go uo jO 

5 150 1')0 

KVJLll~ 
1<)0 

100 

~oo 

Il"'~\\ 0.2 0.4 0.6 0.0 1 t 

50 50 5U ')0 
90 

')0 .......... __ --'1 

;{VAn 
O.? o.~ 0.6 C.S 1 t 

30' IJ o jlJ 

n 
0.2 0.4 0.6 0.0 1 t 

Fig. 11 The op~imol s~,atE~f of the compen5~tion by usi~9 

mll1.~i - ~!? ~"d 0;'1 / olf switched ClIp<lCltors. 



E. 60 M.Oes$ouky , A.A.Sallam • W. Rached and A.2eitun 

4. APPLICATION OF DYNAMIC PROGRAMMING TO A FEEDBR WITII LATeRAL 
BRANCHES 

4.1 APPL[CATION TO FEEDER IHTII FIXED CAPACITORS 

As c~plDincd in sectinn 2.2, llle Op is applied by choosin~ D main 
p ~ t II J still" [ 1 a I: ill l he,; 11 b~ L (l t i 0 11 (;,. ~) a II II t e r m i 11 aLe II 0 t 
nil orioi.Lr.1r1V cnd pOint k. Fig. 12. Thl: system latcrals 
(L I, 2. n). SC\lCrLI led [ron! the mai n ['lll th. are 
manipulLlted iJl<l1.lIillualJy by U!'lllll; SAl-' tn co]culatc t:heir own 
optimal policy. fl"om uhjch. Lhe currents flowioR into t~csc 
}ntetnls i 1 • j I... ••••• in (i n[HI t ell rrc'll:li) il rc computed. 

L=l 

5.S 

\~ 
>..lin p..lth 

Fig. 12. ':ccdcr \:i th lateral branches. 

'f hen. a S lob ~ 1 n p t i [:' .• 11 ~~ t il r t e 1\ y 0 [ t 11 c s Y s t c m 1 s deL: c r m i. ned b y 
applying the follo,,.ing sunll~ar(%c(1 iCCt"iltivc concept 

- a dcsicred l;ltcrn 1 no. I., II G i IIi'''" current j I... i1; cnn . .,itlefC\t! 115 

a cOlltrol v,'ri;dd~, 

the other input currents \j 1, n ,~ j F L, arC! 

c ansi'\e r ed u y t Ii C.I. r ;II)~ ,H ~d '/il 1 uc!'; 
- the Dl' is.applied to llie 1I1.:!ln p;ltl1 

e:urren t iL • 

~ by 
L 

• 

In tlme beluB. 
J to colculnt(! the optimal 

e:ale:ulate the ~pHn of SLllli,lA ~ on ~hc main path, It is the 

dlrfer~nce between 
tbe obtained optiID~l 

[lie: "fecce,'l j,!~ .1,:1 V 1 IIp, alII! th" savill!": duc 
input current lL • 

- calculate llic l .. ss 1,( : .. ,lIilq' ~loss 
currant chance, 

of rli!! laL~r.,1 L dtl~ to 

1:0 
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- I [ S Q ~ ~ los s' t h (! Jt C:C t S C G r S <l r c ex e cut cd. Un] e S S • the 
~recec~lng l"PUL entrant iR tnkcn a~ ~u ar~j.<ll va!ue to 
lmplement Lhe next Sl<)f5, 

- rI:!peet this I1l'ocedure for all later .. ls L. t ~ I, .• ' • n. 
- the prQs~~m Is terminated whea tho chanBe uf s,ste~ saving is 

within a specific tolerance, 
The dct ... ner! flow chniL of tills lterativ" <concept I" shewn in 
Fig. 13. 

NU~ERICAL EXAMPLE 3 

In at~er to illustrnte the optimal specifications of ft.ed 
c.Il.l!lcitors .:Ilonn OJ r""Ld I<)('!l"r iuvulvillj: Inlcr"L h""nc.hC3 "? 
llSll'l1l l.ll'. 1J ~.$ Kit reeder 15 choseJl as in Fir,. III, The dntn of 
t: h l S. f (! e d e r i!! tab u 1 i1 t ,: II i n t;\ h 1 (' 6. 

1'01 ble 6. Duca of e.nMplc J. 

S~cti.l){\ CrO!;;J leI: ~ i,oi\ O',,,r III H cni:~ t .... I\~ ~ l'hy~le.d branch KUIl ;it 
nlt.nbcr. area in tn,~, J! .I:.l: t L." t- l:1I 

\ " lel)/! til i.n :Km. en:} ef 
J." : I,ll,. .../L/ n.IU . !Ie!: tiOf .• 

O~ [) 3 ' 105 6') II .ll<)l.ll 1.65 ::J 
0- 9 , 50 51 o.j"/-1 o .<12S ~SQ 
9-:0 ~ 50 51 O. J'1/J 1.525 100 
6-1'7 '3 50 51 o.n~ 0.375 100 

17-12 ~ 50 -, J_ ll. ;'/8 O.ltl 100 
17·,16 3 50 51 O,17U 0.12S .200 
16-20 } 50 51 O.no 0.62~ 100 
18-19 ) SO 5~ o. )'/iJ o ,'j5 4:JC 

B- 7 } 50 51 0, :no l.a 250 
7-1.1 , 50 51 o. rIJJ 0.'/ JOO 
7- fi ~ ~o 51 o,'no 1..25 400 
6-15 ~ ~O 51 Q,'nU 1.{,8 bO 

15-11i , 50 C] O.HU O. L7'1 30 .<-

&- 5 } 50 51 0, HlJ o.s'} 75 
5-12 1 ,0 

"" .i o. ynJ 2, 'ju 0 
12-1~ 'J 50 51 O. )':0 1 0 
H-15 J 50 51 0.3"/il 1 100 
5- 4 '. 5D 51 o. )"/!) 1 " 200 
4- ... ! 50 ;'1 0, } III . 1.5 200 
3- 2 'j 50 ~l o.niJ 0.15 50 
2-11 ; 50 51 o. nil 1.5 100 
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lp~L7 V~P !O~ ~~C~ l~ter~L Ipdivtd~~ll, to ~~C t~e optimal 
input .:.urr~!\t iL., :\I\d t.hc CClrre"I'DndJnl s~vin~ 'L 

fur (fl~ tnput c.~rr~'lL 

..,here It..t It,. 

~;"l Jtl".:.t.lol' enitnt ·0 

I
I I.", 
L _______ L_- I. ~ n L II }! 

I Ill: r I ,'Nt,'lll ,,( I "1!lll I til' erd, -r, I; J'jlj/ll r .. l 

- ------=-=:-:-:--==--- --I 

I 
ClJl'IlII:ldlr I lilt Un: 1nlllil cl.lrrc",l lr (Ci' tt.e: 

1.1lUr"ll :1 Lo 1.11rdy ,lit:' i •. I' lO thE'! null •• l'oHlll 

F is' 1:1. Flo ,: c h n r tor tile ;J " 1>1 i cat :1 0 n 0 f tf Y n 11 AI i c 
pnll\/'''Hlllii Ill: ioU " (<.:<.:dcr .. i Lit 10 Lcrill. 
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S.S 

The: mal..n 
nooe l. 
applyirlI\ 
q& ! U) 

computed 

pilth is the tccdcr st;JrLlng frem 5.S, anti termil'lotcli !.li' 
The sY&Lell COI"~Lll U5 cl.ght lateral branches. fly 

SAF air.orithll' lo lhc laLend hr:H,,.h. L - I, (nollc5 ti, 
ns lin ,",XlHlfll~. lhc sta,::c tnlllcs (or nodes') & LO nrc 
ilnd r:iv.:n in Ti1.blc 7.11. '!' ... h1c B., rCSIH!Cliv.:!y. 
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o 

o. 006 5 

110 is th~ outpu~ eurr~nt of node 10 

lelO is the cApacitor current 3t node 10 

COl) 5 e II U C H t L y L Ii C oJ I> l ,11 ~ I P () lie y L,r) len [ t Ii j oS L ~ t (! r;) 1 C;t 11 h (! 
II ell u c c d I t i 5 r, i v [''' i II L;J I"" I). 'I':: c r c [0 r c. t Ii c ill P II t C IJ r r e 11 t 
(ollowing into thi5 l;]LcrJl ."It IIolle 8 lS U.02) I'll. 

Tahle 9. O[ltil:1il1 pelic)' [al>l~ :or 11lcefal L .. 

I 

m 
o 0.0065 

9 

10 

] 16 ~he ou~pu~ curr~t ot node under consid~ration 

Sinilarly, the:' inrllL CllrrCIIL!; (or other hrnneilc:. tire determinnrl 
all d .oj how n i n I' J H. \ 'i . 
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1::::1 1",2 L=]' 

11=>0.°2 il',,0.OO1 1., .. 0.0145 

II ~j 
&~ 7 :J 4 I ..3 

'\ '\ 
1,1';0.026 i ':) .. 0. OO'J 

1=1 L=5 

1,,1 d 1 " t: C <J C I, 1 n II II l C II r r en l l 0 l lw Ill,](1 cur r e 11 t (i Inn y) to" e ttl!, 
currents at th!.: di[fC(~lll mall] p;:)lh lIo<ic~. Fig. l6. 'flier, tIll 
inil~al rr~uirod CU~ cltors ~re deLarMln~d ~, using SAF, Fig. 17. 
The i tcrf.ltive conc:cl'L 1s I2xc:cul£:d, Lilli' the rCS'Jll.s ore Riven 11 
Tobl~ )0 and lilustra oJ ~V Fi". IH. 

Gt------'-f ----...-j 5 

1 I,-r 
0.06,1 0.061 0.02'1 0.015 0.063 0.0157 0.0151 0.0157 (PO) 

E- 8 7 (; 5 1\ ., 2 1 

(1 {1 I' 1 11 I l 

I I 1 I 
Fill. 17. The main ]l" l It • .. Ii t 10 initiol J C'I LJ l ralt Cll~i'lcitor!l 

1 
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T:I II 1 c: I,;). n C:!l ,11 t s 0 f e J( 1\ m pIe 3. 

~I 
nOU(; 

.,; 
7 

0 

') 

10 
ll. 

13 
li) 
n 
tu 
1:.1 
2C 

5iz~ or c1pacltor 
in lO'AR. 

1 ~O 

l:)() 

150 
"') 

.,:16 
79 

YJG 

15fJ 

19 
'I') 

1 ~Ij 

23'/ 

4/l 

rin. IS. ~';inJllc: Jill!) diilf,r,Ir.1 of eJ{Cl'!r 1c 3 showi!);',) 
th,c 01'1 i milm <':OIllPCllS;\l: io,\ cnpnc i In)'"s. 
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4.2 APPLICATION TO FEEDERS InTII SlHTCt1En CAPACITORS 

This problem is solvcd hy llpplyinp, dlc tcchnirllc DL" in "cCl.on 
3.1. • It nece:lsj lO'ltcs to Liscritizc ~he laati-IJLrO'ltion C:l1rVCS hlo 
r:ime incr<>mcnts ,oj th apprQ.:lr.]<ltt!ly c:onStClnt lOllds, For eJch tir:1c 
inc:rement. the supply is monipulatnd PS n feeder with laterals 
usin& fixed c<!(1aCilors. ;)1.1, the technique in :lcctiorJ 4.1 j5 

implemented to Art tho optimal cnp~C:1tOr sl~e ann loc:otlon ot 
each r:illlc intervn 1 . Then. til\! optlmnl s tra tegy for the totill 
perjod C~o be obtained. 

NUMERlCAL EXAMPLE 4 

UsinG the system 1ft CI~ruple 1 WILli load dur~tion curyp~ shown in 
fig, 1'.1 LO r,C[ lllC OPl'illlIlJ swil,:cllcl1 Cilflncitors specific.H!:ion:; 
(5i<;(;. lot:inion ()nu )n 51.:f"'H:1.: tllllC !'1['H.ioo). 

l( t} 

I 
i\e:je~!..l.')~>{;) ":l~ 

l. __ 
0.2 (l,u 1 0.2 0.6 1 t 

r( \) 
~(!o.~l.n) "~l~ 1 

LJ'-
0,2 O.G 1 t 0.2 0.' 1 t 

Ilt) 
l!o1cO.4.5.1,11) I( ,t) 

'IIo/lo(H) 
1 1 

V\ 
n.z n.r; 0.2 0.6 1 t 

Il ~) l( t) 
1 1 

a.z Cl.G 1 

l(~~ 

f i & • 11). 1.0.,,1 ':til """ (I 'V J ;ll ellC II notl (! 0 f nUlUcr i en 1 e:<:'1nl) 1 c I •• 
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- The laD d d II r" t i (\.1 cur v e~; ~ red i ~ C ri t i zed i II lo (I vel II ere "'" n L fi • 

each of 0.2 I'll. fill. 2() sho"" the loads ilt tile rlifferent nodes 
during the first time Increment as 1In eXllMple. 

- Applyin~ the technique of section 1,.1 for eilch time inc(('enlent. 
The optimill stratef:Y enn he oht.11ned nod the resull!' OIre given 
in FiB. 21. 

5.5 

Fir:. 20. Lends in tVAN ) ilt the first time increment 

The ef[ecti.vne.~s o[ llle illLrotiliced teehlll'lllCs 1n Lllis pnper c:an 
be proved by can,!';} r i nr, t he", VI i til til e 'Lee h" 1<1 \Ie " Ilecomposi ton 
approach It which hilS been done in [7]. The main concept of 
decomposition nrc J 11llSLrilted io the nc~t twn scction~. 

5. DECO~1 P05 HT 011 A p PROACIl 

T his il jl P rail c I, i" 11:1!i cd II I' 0 n " I; i v "" n \I In her 0 f (;, 11(\ e 1 tor s • 1 L s 
methodology cOIn he S\I!"nlilrisell a~ follows: 

- The prolJlem is for:;-.ulilled ;:5 ~n ojltimisiltion problem. 
- The' system YilrialJles ... 1,,(1, lIIu",t ~c cillculiltecl optim<llly <Ire 

capacitor size. locilLioll ilntJ In service time tloration. 
An objective flillCtion is detcrml~l'J to reprcscnt the s4lvinr, ill 
terr.ls of syslcnl vnr i.'1h 1 C!;. 
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7. COllclusions 

'Yh(! ;]pplicOltiOIl or UP co 'l[lcl1:liza tho shlln~ CZl[lAcitor influence 
on r- 0 \oj a r s )' s t (' min sse s h <l S h ~ c n i 11 II !.O t r <l ted. 'I' his fl n ]I ern i\ s 
manipulated two types of disLributlon feeders; s ucnlial feedars 
<lnd fceoers "ith \.H",."j br<lnchcrl. !n ::ulQitioll, llse of shun.t 
com p <! n s;] [0 r sis ell" e r lJ)' f i l< cd 0 r s ,-Ii t c he d C;] P;] cit 0 r '> • 
A deve 101}cd tee;'" U/'I" i Ilvn I vi lin the 1>1' concept hn;. bean 
i n t r 0 U u c; c t.l )l :I r lie II 1 I" rl y r u r Lite r c e d c r ',d t h 1;1 (C r;] 1 s. 'l'1t i s 
delleloped rechniljuc r.nnll II''' liS La formulnt:c t.h", prohlem <.It:> <1n 
ortimiz(}tion prohlcm in 511ch n""ny I.hot the fot"mul!lclofl is 
COI,I/ollien\. for Sy"lC]\' condili""", FU1"I..I'er ,,,arc, il I!:IS been found 
th;]t the ~cvel'lj'c<l lccll.lll1l1C in Lids Ilaper leads tn So'lvinn ill 
loss rc[luction nrc:1tcr Lllll" til;!\. II:." heen oh';nillC[1 lly nn •. lly:.illll 
t h c s y s t c! \~ h, J c c OIU 1 0 sill ~ i l i]l lO lit rae s IIIJ IH a b L C In s 
(Decomp()sitlon fljlllroacl». 
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