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Ahsa icr
An cr'.icnl and Flclicat merhod for minimiaiion ufenergJ los ir electriBl
ncrwork{ ovei intc!.',ls of ftne k preserled. Thr propossd mclhod usa
diff.rcnl loodtdg cotrdilions d*ing ench giv.n rinrc intenir insr{d 4fsingre
snrpsbot lordins.f rbe n.tuork. lh. sn.n irie6.l is dividcd into r?v.r,l
subintrylls. The fi^t lo.rt condnion is { c *rnr sMpshor ind subs€quenl
oner .E fo.ecBied. Encrgy 16 n'i,,iDization and powq Io$ ninimi2alion
are mnrp.red b, ihulrled npplicdon to {hc IIII5.bns sIn.nl As sdn in
lnesesinulation rcrulls! lhe prop0lcd delhod nolonly iDpoler lne vdl4*
ptuIile. but it also decroses lhc iolal.rcrg, lo$ oro lhe g,ver liDc irtonal.

Kry*o.&: (ORpF) OplimaL rca.lise pols ilow, (PLM)powerlos rini'niatio.,
(ELNll cnorgy los mini'niation.
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r,il vo t!!. misDntrd ,r Esnemtor

I,,' : loltr-Ee maetrnun.s ar tod

J"" : mrrimur vslLL. olbrs \olralc
t " minin,n \d[c olbus !oh.Ee.

Oprinal po$e nolr (OPr) s oDe
ofuc 

'najor 
Lrues ln !lt operariotror

r.\,c, slsem iflrl has nraclid . lor
oaatrqrnn rincc ls62 []l,i3l This
).f.r ..r be di'idcd i .6\0 strb,
D.bem. ,dxL pDwei opnn a(ior
piobcm (Mw dnp.r.h) and r.dilc
poqfl .priniztrtotr pm6ten (MVAR
dspalch)[i]. Trr 

'hain 
objecrve or

dr. fi:ar prohbm n b niilmize are
5tnem tuel .os, aDd lor rlr se.cfd
p'obl.0i is 1o o,itri'niz lhe sr-nem
lolrr o$cr aM mprove \ollrBe
p'otlhs ror horh .p1i$ialion sub
probhtru shotrld be rnai aii 0r
.lucpLr ! s]{e'n perfomrD.e in
& ni ol lirnits or e.neia!, rcal
(:ctne ouipurs. t stnrmer lrp
\dri"irs a,d bL; voLra3cs e\ek{ll hr
mx,! lJt s, L\e .prina rer.riv!
pow.r fLnv (oRPF) n .. r cred
inJereDnei(ll lil. rrd i', sotr,..lr,ctr
ir s !ombitred \!nh Nlw dispdrch[4].
Ho{err,. in Don retrIttrtr
rpplcir ons, 1ltrrc trro sub.r)robl(o*
h$. been asuncd dc.oDpkd rrd

The ei', obiecl!.s oi llrc ORPII

Ilo k.ep rlt Erwk votr.E. profiLe
....prrblc raig.

i rr. trLi,rrnt7. r urthBni$.0

iir)r'o aroid ercesive adiNrnert ol
the lysren cotrfisuftion .ie ro

'nn,l6ize 
nrtr$bnn.r ull) sedig

dd,ges aM rhe srit hins ope,ationr

Many iudics dcak *irh opri'niziig
rhe !?acliva po$er dispath rirh no
ronsid arioD ol rhc rhnrr obj.c(ive ,
ie @'s1nfu.rkp! rnd s*itchi'rs.l

onlY fee Prp.r hxve lddEs.d
rh. on ire omlilrlnm or op(imri
,cr{i!c po\er n.* (OItPr) 6.7;
indnLli',9 Ih.'ni'ii'nizi.ion of ihc roral

rc\Yer los as olrje.rive lun.rioD I'r
tl,e otr lrc atplioalion of ORPi,
dill'cr.tu obre(ive lu cli. s cm be
mitrinDld.'rhese.Lrtec r arLidiofs
Nh'de minimiariDd ot rotaL po&r
lo$, ard'ninimum nuD,6e..l.ontoi
shifts (',umber or coDrol v$i.blls
uhich should be changed is
minimized) lor remorLng qotr*rlirrs
vlolariors in load bus vohages and

IE mediod menrioned i',
rcrcEnce [6] is ro,niiimiz r,e roral
po$er los cxchrivclt on dE bask of
Lort forem*, lhite ir refercNe trl
thc polcr bs n ni',ihized on the
basis Dl rcal rlne nrad cotrditioi!
\!n,ori cotrsideriDg l]lc Load lnre.ar
dur igrhe r$ hour l. lhkwolk.6!
trfu| !s$ l.s$s is minimized on
llt basis ol $e dala otrJi'E .trd r,]e
loid forecie du'ing ihe mr1 interals
(houE). rhis melhod us.s dnoete aid
lo[iiuo s conr.k d rho nan oflh.
hour, rh.n.u.tri"g oRPF[o3'aD foi
Emo./ trg a.] volhge violtrtio's cvery
pe iod G.vcral nriiu.cs) errployi',e
onry comiiruous cotr! ols(Bemraror
(ol.es) and keepiD! fte disuetc
.o[ruls {taislormer rap se(ines.nd

nchi',! oa vAR soire, .odanl
dri,ig tlN i'rerval ,t serlngs thar ire
oll] nrlolerrh. cntne holr



Man, opriniari m.llFds hav.
ber rpplied in hlvi'ru ORPF
prohl.hs. such us gmdi? ..archiq
ncllrcd. N.srotr m{hod. inrerioF
poi menrcd d eqMarl

lhc fomuldi@ ol rh. pbbl.m is
expllind in M $crions. In fi. fi6r ,
rhe lo$ minimiatiotr prcblcm is
lormulllld on nirioizing rh. ..tite
po\Yer lo$ in the wholc slsr.m .1. !h.qoin stion, de plohlo
lorfrd14iotr based otr rhe bralencrCJ
lo$ n ririarion lor r n.$ comiag

,.2, 1 A.riv. Por.. L.$ Bsed

ir i5 !$umed rhli dEoptitu!Mw
dnr.i.i ir at ldt d@imrc'l by
lcononic objedivrs befoE .hc
MVAR disparoh h considered old the
&rive pore' g.n.Erion oi 5ll rhe

EendtoB.xcrrt .l fi. sb.[ nB m
onn.nh TIo obj.crive 6lft on isIo
mi',imi& rhe syse6lohl powo los
The contol variable. irclude
eEnoaror !olr.$s. mGfomli bp

mdhod...ek. ln rccetr! y.!s. sme
nc! opr'nlzarior merhods, such ss
siatrlded arn.alinC odhod. luz)
k'gic. .nific ial icu.r l reN o i m.ih.d
and gctreri. nlgorirh'n are +plied to

B.for narirg rh. romuldion ol
tlic Drohleh. thc $lecrioD ol i.!e$al
dkdrion md r,i! ,ntc3, ol.otrrol
\arirble eoingt 3l'ould b. .iphined
Thc otrline ldd pofiL ard lhe l@d
tnrc.6, lor rh. trprohi.g lroms arc
iilriccrld. D.pcndlne oi 1r sn. ol
lcd lirarionr.nd rhe .\rcrienc. ol
rhc operrto., in i.anil va4n,3 lim
onc tu eve'&l lro0B may b( klsr&l
F.tr.h i',brv,| i\
p€rnx[. Thc nunher and dlrarior ol
p.,iod5 .hp.nds d th. anriciFren

rlsure(l). exfliiN ho* 1. *lecr
rh! inrcrvah and p.riods for dNily lud
cufld -hlo trtu in@ol! b.nrq I
A.nl ro 5 A.Y 3nd i A.M ro 7 Av
u! rcleded. Eich i edal s divided
into \.vcral puriods. Th. inrenal
b€N.ctr I a\l h5 A.!t isdnidd
i,{r' rlnt FnoJr Jue !o nurl ldd
cr fge! i"rhn i[(vdl. tu rg5AM
ro 7 AlV, dG 1o mpid ol,rtrgcs in
lod, aolr p.riods irc elftrdl . l. rhk
*'Gl in&u{ls rre bl€n ar o. hour
lnd the p.iod irdch iNc !li\scrol
l5 hirn'tes up 1o l0 riiur.s

,n rh. *ti',a prceddd all 6e
cord € ,blc5 tffdnuous dd
disssro) ee sct at rhe bogl',ninE of
each irrcnal Ai rhe belirrirg oa

,Driodt(2.1,....r) orlr_ lne rontitruous
co mlr iabl6 @.v b. adjuncd.

lenemrotr of VAR louEes
(c,p&nive or ilductive). -Ihe

conihiNs of $i. nmblcm e volEgc
lma6 otr rh. l@d bus.
,VAR ihige limirs of tlE g.&rdo6,
ho setrins lihns, and VAi source
limiBltl rhis objeriv€ fuodion is

lh. coinEints oI rhis prob cm ire

(a) Conanuouly*iobles 6nsrminis

,, =irla,{r"

f :: <(:
ai:' < 0i

(l)

l.I - (ir



(b) DkcrcG v,iablcs conslGinls

8i" <a,. < Q!"

(.) Pow.r no* .q(aliry .onstliars

I rd t-l.r .n(r,
Ap = 0.1

trh.re lhc i cx (r) d.trorcs virus
il,u' N rdjdal rr e*h Friot. Tne
di$€tc co ml vliabfur 9(, pr
aid i. trc Lpr Mnar drnu dE
lrotrr. ro miniai& equipncd qor,
for rhis rcisn rhsy are lor design{red

Thir ph6lom can bc aolvcd by lbe
ORPE progrcm *hich slDuld b. tun
.r rh. l'.ainninA of .wy hor ro
oFin'ia @ctiv. powcr ilow snd nnd
rlrc oplimal *nin8sof dll rh.conrbts
IlEn. r.ruDr rm(2.3,. ,,)r.nods in
thc inleftd rvirh only thc conrir ous

2.2,2 En.rg, Los Bad Prchl.n

ln da amdaiion ol d'e .n rsy
los nririmiztiotr problcm ihe hkl
pose.lo*(equariorl) is rcphcd b!
tlrc &hr eNrgy lo$ oEr . giv.n
iinewrl For lhh c,lq(lulion, lr G
rsum.d lh'i rhc
consbni duriry ceh , ,..iod. The
bN vahiges dtr ns rlcli period are
aho coBhnr bur ditfcr lim one
pcriod h lhc n.xt ThcEfore,.ft4,
minioizrion mrdDi ir bas.d dn
minidiling sumrulion of poft. lo$
ii all , p.riddc oaedch hour nd the
obj.dilc runcrion c b. romular.d

)nin LL =

wherc ,, is 6e lot l fc€/ lo$ for

rue hourdd ,'/ is rhc ,osd lo$ in
rhe hh period whi.h can b. c.lcnhi.d
frcm equdtion (l) wnh t v,lue oi
volhgc ftr pdiod i sd /r is $c
d urllion of tr, period, The con*minrs
ol tho prc6leb h.re ir. simil4 ro rhc
@n$dinE enicn \cE !iv.n in
.$ations (z)-(4) Ior pow.r lo$
miniDiT{iotr (l,LM) n.oblem'lhis probl.m can akc b. $lv.d
b) thc ORPr ptugB'n. This Dronle
is elv.d d the brginni.g ol sch
inEry.l for ihe ni.ihiation or
erergy lo$, DisoEtc an'l conlinmus
contols @ s.l 01 rhe b.einnn'8 of drc
iour lrom thc Islt ol$r ELM dn.
Thr sonti'[o[s conlrcl varirblcs !r.
*r !1 ..ch, p.raod by lhe ORPF ao,

GDori.g lh violdti@s of bw
volragcs coisrEints or lor p.per loss
oini.riz.tio if liol.lions do nd
exkr. lhe iiin nep! of thc pmposed
hethod .rc rhorn ir the [i9.2 lt
snouk b. !or.d drd PLM oedod
lrere is diff.Ent fme ELM ncrhdl in
nep 2, i.e., at die b.girnins oloclr
inre,l PLM mini'nira rn. poYcr
los of p{.iod I onl, bt trrng all

3. rEquer' of Ru.trlq rt. OnPf
Atr impon.ni dpEr li rutrring dE

O(PF progm ir $c frcqEt, of i6
eYeculion. Tnh raq!.ncy can b.
vari.d ioh once elcry seveol
ninur.s b once cv.ry schl l,ouB
.Th. icqucm! dermds oi som.
irponlnt fi.roE, such as loed rDfilc,
connbim viola ons .Md rhc
inponnnce ol p6\Y* loss rcdudhn
aid,/ttr minhiniia & .pEoprirlc
mx!r. pmfirr[5i. ror finding rh.
,Dprop.iar. lftquency ol ruM iE th.
ORIF .iE dliu load pFfile olris.l

l.

:



Drin8 lhc intm'.1 b€N&n I
A.M b s AM (in@rvrl l) llE smolr
\a'i.rid of rhc lord requircs rhE
ORPF tr'is rhe litrr BD at e

bc8inninE ol intFnl I ( ac. nr I
A.M.) Arl contol! rre rdjusteJ lr
rhis ru lhc ie.ond md rhird rund2
A M rtrd 1 1V ..sBoncLy, otrly
c.nri'n'oui cotrrdls 8rs idjun d.
Durin8 rhc ins.. btNre( 5 A M ro
7 Altl. {intc .l l) l|le load lDr
n'bn,trrel i"cresrc For ke.n ns rhe
s!neor in ortimrl.perdingcoidirni.
dur i,! il,k lfcrvrL Llore ruN ol r[e
OI{PF iE n*e$irr. A cldg of l0
fiirurer na)- k.p tu sr{eD ln
ot'rimal ccidiri$ durir8 lhis i reni!
All cohrrch ue 6djun.d in lhe ,i!sr
ORPF run. fi6r r€riod, ad o'ly
codtinuous contols 4 adj!$ed i!
suessive psriods(i.e t5 AM 6

thc leDcn! .ps ol rn ORPn
p(gm ibr atr! objcdile tunctiotr
u$ns ,e oolifrirtriiu, 1o0k
idtudtrc.d i'lUe MATI AB.E silcn

Th. Wrftl Md llalL rr bus po\dr
s)n.m shorln i'r Figl hs bea
$udied l'r..tr,pdiDg rhe pow.r.nd
.Ergy los ini'niarioi merln s 16
lii. dant did rlrc btr!d.h dD giYe, i',
T.bierl i 2.resredivdy. l'lF daM
i', ldblc.2 coir.srotrds o rhc iull lMd
cordnionsl:1 rhc li'ni's or bus
rolra!$. Iat \. nu.a rhutrl
c.pa.no6, S.nemrors VARt tr.
Eicn in Tablc-1. FiA.5 thows rht ldd
tbrecasriM ol rhs rc$.A lor lso
hou^ Thc rn!. i'n..$lof dru* rqo
h.'h r nLdl.d 'lhe ord l$el itr
p.rrd or. r tquL t rl'c [l.rl L{d.
rnd n r.durcd Lr cldr rubsequeir
p.rlod. PLNI md ILM rlSorirhtrtr
inpl.r,coralion $ rhe Orobh'n \v.rc
*d ,nd rcn,16 aB con'pared in rhc

lolloY,ing suh56tions Ar rhe

bcginiin8 oi th. inleNal, usin8
:l3o.irhm, PLM oll snlNl vin.bhs
.t er ro minimiz. Pl .qhile in

El.M ill conuoh vd.hbl.s.rc sc! ro

.l.l Pdlrt $MiliBiudon
Ru liig drs ORP' PI.!nn, rc

rohl p.\.r lo$ olIhe 6-ttrs s!{.D
uiiler full lotrd r.rdrlnin s

ni'imird lh. .b.j*rn! functi.n
rtrd cotr$01n15 whioh are aivd in

{uation! (l-4) hrv. be.n.s.d. Ldd
flou dtrd, srs porlormcd for rhe b6.
cos (tull lold ld.l) sysM sul€. Ifi.
toral po$s lo$ iof rhe iniridl noic oa
thh syn.m ii l0r7 MW. Th. pow
lo$e! ltid rulning nE ORPI for lhc
No houu N eiM i. Ttblc-1. T1.
ortimal v.lles or alL the cnttul
v..iablet rnd \ol63c mr3nirud.s
vhl.h are calculared for rhe two
hd'c 'e Si*n in T!blc'5. A! sno{n
in l$lcs (1 itrd 5), thc fi6r hour is
dilid.d inh l-p.ri.ds. Tlt rfiird
p.'iod s (10 mi uret bec.us. de
l!.,1 ct.trges in i,is p.riod is \m.l!,
l],i, j), Md o0ly oi. Oi,l,F run at rhd

beginning of rhis p.riod is €naxgh ro
kdrp rlt s)slcE in or.im3il
o?.mtion Th. $ond hour n divid.d
inb fo r oqu p.i6ds (kh Peri.d
hls 15 frinutd) b4ccc th. cne8.s
nr the lMd .E lelrrivcly 1d3.. Thc
brrl en.rgl, los .chid.d by PLM

One .r rh. p{blm! {'hich s.r
encdtrnkrod duii4 !h.su st'dies s

B n,f.rsibiliry of $ntrions h it
po$ibl. thar $c b$ lo{dt i'r
sulEtqunr prlo& diflcr !6 nu.h

I "'1,,:".i,r,,



}fom rlrcsc in pcriod ore. h dEse
cases rtu ORP! program caDt find
af] ledlble solurotr by oily

is rh.i rhc ldrd condiliois for dr
periods have bee! considercd ni ih.
load ,loN squations which are
enlorced 6 consi.^ln6 in the El-M
tbdrlarior.'rheElorc. lhe optimal
voh'es of rhe dhcrcrs conrolHriabks
oblained usi,,g 6e ELM ,ndhod catr
utual! handle rhe 1od char$s
predioted by dr l.rd Lrecan. 1lE
oil! cn.uhrrn e when ELM cinrct
li a iirsibl. lohrion is *hcn nr.
lord !hrnte, d\r, rhc giv.D tine
ide.va n vfi] d atu( atum nrc

[.di.tcd vah'e\ ]n rlrse case!, llr
d sc€te .ofuol yariJbles nnN be
adjuned 10 r!oid volragc ljolarloDs.
Tl,is nay 6e avoiden bj- .hoosing r

A new 
'nethod 

suitiule for
lprimal reactivc polv$ dhParh n
pmposed Tnc metho'l Dnrrriz.s nic
bra!cn lg) lo$durinsilr nexl l$ur.
*hil. k..plng tlrc lolrige pdile
rirhln ar acccPtablc mnge a]
codFri g si'nulatlo, Gsuhs, i is
ldund that ELM gilcs a bcts volrflgc

rolil. rhdr thar iom ilr PLM

'nedNdr 
i" rh..\rnplc iotrsideed ir

rlris work, rhe n.flhd Podred x
nQ.l! con aDr volragc Profi.
du'inB dr lrcificd houi. li.ddilioi.
dr .o.tJ loss w.s ,tdtrced * the
$nc rinr. rnh rhe sture trumbn oi
dncftie cdntol variabk chages as
trs.d by rhe Pl,M. The ELM hetbod is
ba*d on nE recoeinioo thai cetui!)
cdnnol lrri$les shouJd nor bc
adjusred lm onci, $ {hh na, c &
\ear a,d dmn tr lhe Lile ol ihc
{r*potrdi',3 eqnipi,ent. I', 6is
!\aniph. 1lEre are Iwo cateEories ol
rotrtrol urilbles .$aL,lished, the

'lis.i.tc and condnuous .ontol
varlables edju*cd&td,ebteitrf itrg
olea.h lrour, vhile duing Ilr. hour.
.il' rr conlinrcls c. !l varilhle\

r ables_ due io ln led .onrot
a.rion Howeler, Ihe EL\,r 

'ncthoddoesrt have $n prcblon, sirce lr
u5e5 thc load for.c ro ser the
{ii{rcG vlriables ro val es th.r
nLnrhly .niicipale ihe csp.ded loed

a.! [,.rgy ljss }ln,i'nizlrioi
Th! 6 tus pows sliem * rr ,r

Jne loid diagm'n(Fig-5) is 6ed for
rlre miDimizarioi ol rlr ereq/ to$
(.quarlotr 5) The roral ene.cy to$
lound bl, re EI M h .qual to
6rl MwH This vrlue is l3% Lcs
drn rheene'g lo$ lound ii the PLNI
meilmd (6.12 MwH) Th. bus
vo bEes anrl.oarolvarizbles aor !hls
me$od for:llr]t periods ar. givcn ir
T.ble 6. By cofitrriiB thi simularion
rcsuh\ ol lrbles 5 aid 6 Ths
hilow ,3.bs.rv iotrs.an be n.dc
)lhc ronaee B,nbsusils the Elili

a,e bcrd rlrar rhose ls rrr. PLM

'nudrod 
(F B 6). ThN. rhe shbilny.l

rhe rynenr tnr n a vokase Ponr ol
lnn iiu.h higher I rhe ELM

:rIre entrs) io* ii rh! [LN1
d.rlrcd ror llre ![.v. s)n3n n I 39o
l.\lrrD rlid fiom rhe Pl,M.
l)-ll,e sdraNagss ol ihe Et,lv arc
more appmnrwhci $e load chanses
si-e{illcaid} I', cscs shce lhc load
profil. tr llmos nd during drc l6ur,
ELM gner sligrrrr- bernresuhs
l)l', .Aes Nherc rhe load ol'rees
dtrni! rlr! fti n.ur are larg. comln*
r. Jia\iblc i(i.tr b!- dr PL\,I

'ncrhoil 
G ror rlsrr-s Dosnbl. uil.s

al NDrtrs .r discrer coor.h e

ir.cl\ r. il,d a ,crsiblc nntrdon
I rrF n. r jsort s rhl ruam



arc djuscd. Thc n nbsr of
cdegolics could hc incE6ed, and lhc
frcquuncy ot adjBhcnl Dodified, lo
fn differert circum$nG. TIE
pdbrbiliry of finding infsitl.
sluiion sith rhe El-M sc.hod k
nuch hwc! lhan dE ,'LM merhod
This odv'nrage olllr ELM netldd h
.brri*d by co$id.ri.3 lne lMd
for.c6r a.d n.kin8 tr 6Dt
slicip .d load ch grs duiinr thc
rcxr holr ca' be 

'c.omn.dored.
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