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ABSTRACT 

T?e thesis i$ mainly concerned vith the derivat~on and 

applications of optimum bus load incremental coste at all system buses. 

For a completely lossless sys~m i t ia shown that at lea~e actr 

transmission oonstraint is sufficient to brinq about a larqe ~itY 

between the optimum bus incremental costs and the system incremental 

CQst. Furthermore, on inoludinq system lasses into the study it ls 

" ' 
shown that even in the absence of active transmissio~ limita, the opti-

\ 
mum bus incremèntal costa could differ from each othei\ and the syatem 

incremental cost. Hence economy interchanges (i.e., the transactions 

of a utility amonq its customers and neiqhbourinq utilities) based onrthe 

system incremental cost are no longer optimum, as thh will cause 801IIe 

cu. tomera to subaidiza others, and could aven brinq about lazv. financial 

1088 •• (or qains as the caae ~y he) to utility companies. 

Applications of bua incremental coat. in areas such as 

ucertainlng the profits and 10 .... incurred by utJ..litiea (or cuato.~) 

t1u:ough such econcay interchange., detemining the be.t loçation in tbe . 
, 

&ystell Cor oogeneration cust=ara of the • .le~ica1 load foll.owing type, 

and in the expana10n planning of powèr aylJtee are d.-onatrated' th%ouqh 

tests carried out on the • IEIB 24-SUa 1I811abili ty ,:Teat ~$ylltea' " and • 
'''.; ri 
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l 
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RESUME 

Cette étude se conéentre principalement sur le calcul des 

coGts incrémentaux des charges individuelles aux barres d'un réseau, et 

les applications qui en découlent. On démontre, pour un IIM)dèle de ré-

seau sans perte, que la présence d'une contrainte fonct1:onnelle active 

(sur une ligne de transport, par exemple) engendre de grandes disparités 
\ 

entre les eoOts incrémentaux du systame et celles des charges individuelles. 

Lorsque les pertes sont incorporées au mocWle, ces disparités existent' 

mime en absence des contraintes fonctionnelle,~. Ainsi, dans les échanges 

d'énergie entre producteurs ou entre le producteur et les clients, don,t les 

tarifs" sont basés sur le' coat incrémentaI du systame, il se peut qu'une 

~artie subventionne l'autre. 

Quelques applieations sont presentées, touchant les sujets 

aui vanta: le calcul du prof! t ou de la perte associé aux échanges d' éner-

gie, l'établi •• e.nt des _illeure. emplacementa pour la coq'ntfration, et 

l'étude de l'expansion du riseau. ne ..... i. utilisant des ~le. de 

10 et de 24 barres démontrent la f:Lab1l1 té de la méthode. 
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1,0 A Brief Previ_ 

The ~cept of pricing eiectricity bu al..,.. been a COD-

. 
trownial is~. 'l'o date no _thocl nU been devetopec:l which f~ 

a 'taiz pricinq strategy. Uti.lity C~e. Wlually cany out their 

traII1IIIctiona ba.aed oa the Syst_ Incru.ental Coat, abbreviatecl SIC. 

1Iowever, the outcc.e of the present stuc:ty shows that this ia aptillla 

OIÛy l.1nCJer special system conditions, and cannot he apptied ;n qeaeral. 

~re the opt.iJlua Bus Incre.ntal coat, abbreviated BIC 1 of the 

f 
SIC in eccmc.wiQ relate4 tp qata operation. 

Variationa tüe place vith U- of 4ay, aa,. of .... , aa4 .et 

of yeu [IBa Reli.ttbility 'fMt Syata 1919, BlCJU« 1982, SUlU .... 1977, 

( SiDgb 1917] 
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~ 1 1 ••• , 

oE day. Bo'IIII8ftr, thi. o.ehedulinq llUJIt be carried out in &Il optUlJa 

__ r. The aolution to the problem of opt.blu. ~checlu1iDg cc.e. "'r 

the tapie of ~e Diapateh [Rapp 1977) 

TNt exact coat incurréd by the utility in .upp1y!.n9 tbe 

DU:t .. iDc:reue in the syacl. da.nd, is ref~cted in the SIC. 

"J'be stç will be lov at ti..m8. of 10'11 duaand" and hiqh at U.S of hi9h 

4=,"". 'l'be re4aon be1nq that at low &œands relativel.y 1nexpensive 

UDita are in operation and at hiCJh ~. '.,re expensive uniu l;Ute oc:.- . 

, 
Bowever, thb 'b not alway~ the e~ as the SIC <:an 

be high eve,. at 'tilles of relatively low deaand. SUc:h • situation ari ... 

vbaD. a traiwai.sion line ta a load eeaur Haches an operaltinq liait, and 

iD oider ta _t the d='nd at thi. bus te .. y be neeesaary to stUt up 

A sia1lar situation _y raault when a 

nLatively c:heap source of electric:al energy, sueh .. a aucleu plant 

re.ches an operatinq liait, or is iD out.&ge. 

(1) '1'be UIlC.'ertain nature of the avait.bill t.y oE paal' 

syau. ~ta [a1.l.l.1aton 1976) , 

(2) !he ancart:aiaty ia the daily cS.,ad pattuD, . 

1 r 
\ 
" t 
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l'or thes. re60na •• tiatill9 the coat of ... ting the eDH9Y nee4a of 

varioua .YJltea bua •• beccae. a fonù.dab1e tuk. 
fi' v " 

3 

'lb. tille varyinq nature of electricity product.ioo hriDp 

about th. need for .. tille va.ry1ng priee structure. 'th!. bu 184 to 

IJIUIY ver.ions of -U .. of day pricing· [Reynolds and creighton 1980] • 

In thi. fom of pricinq, the priee eharqed ta cuatoaers changea aecord-

in9 to .. predeteratned aehedule. Such prieinq poliete. bave been WM4 

in Europe for er. than tvo decade., Md are cca1.nq .into use in the U.6. 

and other countd •• [Bohn 19801 • Bow ••• r, the .. jor drawback in lNC'h 

IlOt "Rn.ct the variationa in th. priee of el.actr1city at cUfferent loca-
, . 

A •• CODd approadf, is to .. 11 electrlcity et a priee vtdch 

tricity 18 baNd on the SXC. 

At the ... SXC. 

exi.ta between the.. SIC' •• 

i. the sellaI' to the ODe rit&. the hi9her SIC, wh1ch 1a the \Nyer 
... 

(Voj4e.ni 1982, SOhn 1980) • 
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... or .on Ua 11ftea linJd.nq the respective hua •• belOll9ing to aUhe%' 

lJYaua. Bence fiJd.n9' the .ellinq priee on the SIC coulc! bring 
, , 

about lA.rge 1IIonetary discrepane!es, if pthe oorrespoDding bua and systea 
, ' 

inen.enta! coat. Mffer significantly, i.e., dependinq on the BIC 

of the .e111D9 bus bein9 h1qher or lower tban the SIC, the bayer 

atancla te eithe.r 9ain or 10.. by thia transaction. 
) 

bue4 cm optiJul BIC t • serve te r..wa thi. ~y lIDd bring about an 

equity in 8uch trAhSaetionll. 

The ~ant&ge. of cu::ry1Dg out tranaact10u tHuMid OD u.. 

~ ~ BIC·. are .~rilMd below. 

(a) 

, . 
of. JdJB ~rate4 b7 enoouraviD9 laftria9 d.a.CI at tt.. 

of h19h ooet. 

tt:> load _Det- Int 1ft1er4t the CUII~·. npply i. inter-, . 

'0 
rQPted by the utlli ty without prior wamiD; { 'Illpacta 

(b) lllilduou t.bit d._. for 1IPim:ù.nq ra ..... by praridiDg a 

.... of rapid1y ~ the d_,DèI, vben facin9 a 

(0) 

, ,.-" ay-. ~, auch u .. line or 9U«ator outllge. 

eJ.e,cUlcity bll1a, by 8Che4u1..i.D9 tbeÙ"lN'tten of 

alectz:'1c1ty UN 8fPl'apzo1ate1y. 

1 , 
,~ 

o 

, ' 
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to cuat.c.-.era vith coqeneration facilitiea. 

y 
Many versions of time varyinq priees CP be founel in the 

litera~.· Theu "are known by different names, namely spot' priee, 

respona1ve priee, load adaptive priee, real time priee, flexible priee 

(Bobn 1980, Schweppe 1978} • HoIIever IIOst of these priees require 

CCIIIpla: COIIputation, and ultes one to doubt wheth.r they can he applied 

ta large systems in raal time. On the contrary, 'it 18 shawn in subse-

quant chapters that very little naaerical COIIIputations are needed to 

detulllne the opt:iJlull BIC 1. . This ~e. deteraininq BIC's .in ~ 

tJae quite f ... ible, and Mace lU rea! tiM illpl~tation in econc:ay 

1.2 'I!ypu of cu.tœan and tlMlir Baapas .... 

to • ti.M V!!yin9 Prioe 

ra..ely .tot.qe and non-.~ ~. {Bobn 1980] • 

FiJJur. 1.1 St.oR.p Proce .. lIedel. 

\ 
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ligure 1.1 show. li storage cuata.er. The basic pro-

ce.... involved here are an up~tream stag,., an intexmediate staqe and '. 

a dawnstteam stage. The downatream stage ia in operatïon at aIl tiJae., 

which means that when the storage ia empty the upstreara stage must he 

turned on. It le aasumed that the storage buffer has a fixed si:e, 

neqliqible &torage ooata compared to the cost of electricity, and is 

100' efficient. Uectricity ls conaU'll/i:8Cl only in the upstream ataqe. 

Tbe production of the Jntermediate ~roduct is proportional to the elec-

tri city consu.ed. Electricity coata are the ooly variable coats, ether , 

coata such a" labour, supplie .. , etc., are usUlBlld to be uncorrelated ta 

the électricity priee. 

In this .xiel the C\Ultc.er tries ta ainiaize th. cos~ of 

elactricity wbile -int:.ainin<.1 the" doamstre .. stage in tul.l procmction. 

HeDee, when the BIC'. ue relatively low, the cu.sto.er will operate the 

upstr_ .taqe at tull capaeity bu1ldinq up an opti.a\al lltvel ot intenecUate 

in full operation' st UMe of hi9h coat. 

An exaIIIIIPle ot .uch & proce.. is an air bued elec:trical 

- ~ 
The ~tre_ atorqe staqe i~_ the 'JFM beinq 

/' - -
beated, aDd the up.tr .... stage is the elect1'ically operated hMter. The 

.toraq. butt.r. beinq air, .u:n:oun4inq valla aDd other theraal ~. of 

the CODdJ. ticmed area. 5toraqe tMu th. tOra ot beat.1Aq te abo~ the 

~.ut .et cP01nts ad 1.ttin9 it cool oft duriDg' perioda of hi9h coat. 
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.,..~ f air con&tioninq ~. q .. opent1oD planta, bAt atorllge 

pIIde, and other siailar fac1l1Ues. 

'or .. OCIIIb.1nation of tÀe tollow1nCJ. i.e •• 

1. '.ru:mi.n9 off unessential llghting, heat1Dg, or ai.%-

2.. Slowing ~ 1:0 strJpp1nq.. cr.-ical or: pbya1c:al 

~ss -1D9 electri.c1ty. 

3. Sl.owiDg &:ND or lItOppiDg _ •• h17 liMe 

,) 
4. Stu't1a9 qp ~rs 0Iftl taent1D9 ~, ..... . 

\ 

\ 

1.3 '\ ~tM.UC·. 

• 

1ft • loaIJ leaa .,...., tlIe Ille'. _ p ........ li ... 

1D t1Ie st .... ct 'Id PD ''VIDjc1aJ. 11G) • 1 •••• 
1 

, 
'" 

7 
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\ . 
il • • (1.1) 

i'hi. iJlpu., that the variance of the BIC, equal. j::he va:r:iaoe. in 

.,atea a...nd, i .•. , o 

)"\ -

- (1.2) 

lIeDoIt the BIC', ~ be prad1C'ted to the ... 1.".1 of 1Itati_t1cal pre­

.ci_ion as the .,.,u. ..... "d. IkMaver if ~r. do re~~t~_ 
vuyinq prie. of electricity, then the d..-.nQ will be priee ~t. 
'l"t.aù ..... the Oftrall problem of forecutinq BIC"'s', quite a fomie!-

able tuJt. Bowe ... r, uthalatical .:xlel. can be buil t ta r:eflect 
l' 

~tie d.1aqr_ of Figure 1.2 in arder to foreeaat priee ~t: 

loIda. 

-

, 
JIItIC& DIlDD-

~a.œDf! ,. DDNID 
-

-

~ 

. 

....., (PD) 

% PœIIl srs!D BXC· .. 
, 

PJtICB œPIII-
, 

-
aarr <XIIPCIIaIi 

OP IJI'IIUD 

'DÇI'P 

CIIS'1'œmIS 
, 

1cti •• 'Cic ~ for l'orecut1.D9 
Pria. IMpaDCleDt: D .IM. 

PJlIClIC 

S'fJO:!!U1lB 
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" good fore cast of the BIC' s are very allsendal, te 

; !Der.... tbI social bene fi ts of customers partic:ipating in a time vuy-

- incJ priee structure. This will cause more customers to partfcipata, 
, , 

thereby causinq the national œnefi t te increase due te' time varyinq 

electrid.i'ty priees [SOhn 1980, Caramanis et al., 1980, Roger et al., 

1980) • 

.. 

1.4 AD 0'N1'vi.., of Co;pn!rat1on 

COqeneration 1s the simul tanecnw prOcJuction ~ .lectrlcal 

(or III!cbaDic:al energy), and useful thermal energy, both froa. the .... 

fuel. .ource. This is di~ferent te the ccnventional. ~tea th&t pr04uce. 

eitber electrical or ther.al. (Bte .. ) ~erqy. 
1 

À coqeneration &y.teIl 

pz~ .. ' both, and requir •• 10 te 30 percent 1 ... fuel than con".nti~ 

.,at .•• (De RImzo 198~1 • an. o~ the ..ny a4vanta9 ••. of c::og.D8ration i. that 

lt aave. :fuel. Cogenerat1cn if dewloped and operated optiJIally will' prov1&a 
, 

,~tial ..:nmta of .nergy •• v:t.nq potential te the rUoo, .. wall as 

~ dollar ~. :for • cogeDeration ~. 
"~--, \ 

~17.~Y oU. In the .,..rly 1900'., , .ost iDduatrlal planta 

... . 

'As the centrally,generated .lac-

.. .. 

1 
1 

1 .' 
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1 
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[ 
1 

( 

, 

. electricity bills, due to 8Piralling~fUel costs, renewed interest is 

shown lin cogeneration, as more customers see lhe potential savings 
/ 

involved. 

1.5 TYPes of Coqenerati-on Systems 

10 

- ! 

Technically tnere-are two fundamental types of cogenera-

tion systems, namely topping and bottoming cyèle plants [De Renzo 1983, 

Barkins 19811 • There are also combined cycle plants which embody both 

topping and bottoming cycle principles. 

In a topping cycle plant electricity (or mechanical 

" 
energy) ls prodùced firet, and the thermal energy' from the exhaust ls 

captured for further use. Figure 1.3 shows a topping cycle plant. 

In a bottoming cycle plant, thermal e.nergy is captured fr011l a waste 

streUl, and then ls used to produce electricity, by driving a turbine 

ganerator unit. A combine.d cycle plant 18 shown in Figure 1.4 • 

1.6 Current Technology for Coqeneration Systems 

'1: 

A variety of concepts and technologies are available for 

bath topp~ng and bottoming cycle plants. For example in a steam tur-

, bine topping cycle, high pressure steam ptoduced by, the combustion of a 

vide variety of fuels is used to drive" a turbine. The turbine exhaust 

/~- , 

\, 
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18 ..... 6::Ic ~ pÈlace. •••• , ... tIae -=t_t~l __ 18 co,u.t&4' , ~ 
"; . ~ 

to,el.ectri.cj.ty iD iD al~. 'Otber ~ CJC1e ~ lacl ... 

, 1 

" wit:b +ClCGeJt' ...... I.~ priM ....... tG ...... ~t:bta 1GIr t~ i*' C._ 
bMt: [De ..... 1983) • .' 

r '~' 
.' . 

1.7 9J!!at!e of cel •• Ilf!Je Dld.a· 

~ ". __ "d". or lta """'1 1 wI. 

, 

"- lJK" .t atuIly 'r. .... _. tbat dia ClOt 1 laUoa tala 1Jno1.a. Ge d t:bt 

'l!û# .... of ~ wJll. -, Il T flA::1ial. 

\ 

? \ 

1.8 !'!!tP' h"'m eDc S!"!!Ir!tJSD 
~ 

~tz_ atttt&iD9 pzoQIU ~ '* """"t by U. co-
* 

....... _ ~lOW of toaar, bÎ.r ~ lA nc:h facJ.U~.' .... 

'. , 

\ . 
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- .' 
GDI •• m ttew ~ eur.reDtly Pza,.. te be ecet4lica1, pron,diDig att:nc-

ti_ ftt1lm8 GD i.Ir9ut:aDta.,....., COgeMratiOD la DOW eJlGO .. ~ br 

uUUti .... an altuDati ... to poIMI.' ay8tea expuaJ,Ou' [C01l!JU ad 

lf1.11il!- 1983) • 

-fat ••• ~t oa,u~N'" tbMe faeù, are 9OiD9 th recei ... w1.de ~. _ 

~ will fœce cog .... ntiOll ~ fd the f'aœze te \1H coal .. the 

tut'Jcm. aad utiUtiM b.o_ ~ .... of the tecbDol.o91 ... aD! the 

aca __ cs of oa,. .. ratiaIl, b'M .. Dt: tœc:. caal4 won to ..... the 

~ 0: ca;1 nerad.aD ira t.M ~t1, (Scb.wsJpe et al.. 1980 ..... "- ~ 

al .. ÎJIO) • 

1.' ~~ tG tbe ~~ 

4W , !!je .tI!!è!!F' "'!el GD UC·. 
'. 

· ... b~ .... , ... ~. 

IIC·., ·1 •••• 

.. 

, 

. 

• • 
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, . 

(2) ..,.". ~ 1*1 ... La ...... .., pnww 

tiftipult t:o replatoq &1ItIDritiH. 

(3) 

.
~CXIIltro1a n .. c1n OID th. put of tba ~, ... 
, • f.y iU loIId accœ4iD9 to the pJ:e8ftt ua 

ac.cut priee, .-y PZ'O'N tA) be tao CQIIIIPUcate4.'; , 

aIId coald ~ npenai". baftlwn .ad 8d~ 

erl'd pIlI nt. 

(f' " ...... -BIC, aD4_, 

aact: BIC At a 91'" ~ lI:Md. DOt aJ.w.,. be 
... 
..u. _ 1:0 van.o- ... ~ iD th. ~ 

'l'hiII calla for aeGODIIuy ~nlt, 

DI''''' te 0' mtcat:a tbe aaa1; BIC at. glftft - _ 

'.; 

rzc. the u- ~rçia1 elec:trlc1ty procIIactiao _ 4ia-. -
viable. the phil.o.aphy behin4 lts sucee_hl apuatlœ 

JIU beu ~ a wSUllPly follows dl Inclw tl'Pl ratMr t:baD wcJewand follon 
. 

... 17". _ ~rc1al electr1c1ty CCIIPU'i" .... to avpply aJ'Jt:7 d s .... 

c.] J ed for by tbe CUIIu..rs. Xn ncat tiMs"t;ben 111 m.6eIac:e tG ... 
f 

tJaat thia ..se of ~t1ao ia raQliviDl- leu ~ -.. tbe ud.Uq 

" circl..es, the reuc:ea -!Dg .....n...4 belaIf 

,.r. 
O' 
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; 1 Il.,, •• . 

_ 0 

UUlitietl CIUIQOt haèll. CIXltiD9IIPc1.. ~fic1ut1y, 
. ~ 

.. haDc!U D9' of. nch ooatiDguci_ .aat be ....... ec1 _1 

, 
by botb the utility and th. ~tc.er; in aD Laar-

\ 
actJ:v. aaaner. 

.. 

tuatiou in the daily syatea~. '!'his cal.la 

for large r ••• rve gen.ration and tran.aisBion 

.. ~iti.s. 

vith th ... reHms brin9JI about larp financial 

cep! tal av .. tee! .ay tait. long, .. the.. retlU'fts ' 

oc:.e ,~to operation oaly at u... of peak d F ad. 

"-. 
~ . 

15 

tica .uat UDdez90 • radical cbaDge ta the pbiloeopby ~ -" 1 • Dd followa 

tae. of 1011 coat. 

• 

, . 
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.,ae:. ~ cc-. 'ftry c~e te deregulat1aa [Sc:hweppe et al., 1980, ., 
Goll1b et al., 1981, SCm..ppe 1978] • 

1.1+ 

apti-. (ainiaDa) BIC' • and ucertai.ni.Dg the re1ationahips a.oD98t the 

varioue BIC' s and the SIC. It 18 shawn that in the abHnc:e of c:on-

8trained tran8i .. ion line., al1 N:C'. are in parity vith each ether 

&ad the SIC in a loa.la.. .yat_. HcMever at le.st one active trana-

llis.ion constraint is .uffici.nt to brinq about a luglt diaparity acmq 

the .. incr~tal co.U. The. 'IED RaU.,ility Test 8y8tea 1979', 

i. used utenal:nly in the ealllpllfic:ation of certain applic:aUou of 

the.. aIC' •• 

l'Urt:her app1icatiOllB of BIC'. iJl varioua categorie. o~ 
1 ' 

plMDiD9 and operation of • poIIMr syRaS an COIUJidltnd. 
\ . 

..... l.a beiD9 : 

at d1fferent buae •• 

'(U) the ut.iUty 4ue to • cba'!9' iD tbe pricJ.aq 

pMl.oecSJIIY • 

Specifie 

, 

, t 
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( 

(c:) Loc:ating the ecoDOaically beat bwt in the -:yata 

for ec:ouc.y interc:hanqea (i.e., trana&c::t.1ou .. 
of a" ut11i ty UIOnq i t:s cuatcaera aDd other 

neiqhbourinq utilitie.) • 

(c1) Choolinq the beat alternative alK)nqat .any ayata 

4tlIpanaiCXI alternativea, which would ainillize the 

d&11y operatinq cost of the ayat_. 

1.12 Conclua1ou 

'l'be c:oat of .lec:tric:ity VU'~. vith tiae. 

.. 

,th. buy1ng (f1'Olll othu util1ti •• , or f~ CIlSt~r. vith cogeneration 
, 

fadUti .. ) and .elling (to CWft.c.era or a neighbouring utility) of 

electric:ity dependent on the u.. at wh1ch transaction is JUde. 

11 

it bttccae. necea.ary to ~ute ex.actly the coat of deliverinq the .1ee-

trical energy (uaually pXOduced at varioua locations 1n the network) 

to th. varioua c:uatc:.era. '!.'he pre .. nt atudy lIhowa that the BIC'., 

whic:h reflect the uact c:ost of the nut' MIDI incr~t in bu d_m , 

<:an be uaed sucee •• fully to COIIIpute ~e.. costa. 

, . 
to ~ the electrleity supply pbiloaophy frc:a OM of aupp1y foll..on 

dT SM to deMnd follows .upply. 

eccmcaic:. it 1a Jtnown tbat tht. latter fOJ:a vill bd.1l9 about an equil.1-



i (. 
f 

t 

Other çpUeatiou 

of BIC'a are in the fialda of power ay.tes planninq and operaticm.. 

Chapur rt of thi. tbui. uupUfi •• tM •• appl1catiOAll. 

" ....... 

-

-
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CIIAP1'D II c '. 

2.0 Introduction to the Problem of Economie Dispatch " 

BconarlC diapatc:h (.ID) aB the n_ implies is the,.i.t 

ec::onc.icaJ. .ooe of dis~tchinq electrical enerqy ta meet the sy.tea 

dwend and 10 .... , givinq due regard ta generation and transai •• iOD 

liaita. Inten.t in thi. COIIplex pzoobl_ vas shawn .. early .. 1930 

[Rapp 1977 J , and the IIl8tbod of equal incremental çoat bec .. vide1y 

accepted as the solution to the 108S1... RD problem, of a. systelll ~ 

priainq of only thermal units. A fev yeus letar tran8llission lo.s •• , 

vere included lnto ,the basic probl., and the solution vas e.tabliabed. 

A qood backqround of the nece •• ary tbeory in thia reqard is qiven in 

the worJt Dy Xirchaayer (nrcblu.yer 1958) • 

nonl:1neu- optiaizatlon pxobl_ COIIPri.i~ of an objectift. fun<;:tion (the 

~.tion cotJta) which IBUst be lliniJaized subject ta certain constrainta. 

'!'he constrainta vary 4ependinq upon the power system lIIOdel used for the 

stutly. Sine_ thia study utilbes the OC Ioad f10w .xIel, the corre.-

pondinq conatraints ~ the real power flov liait. in the generator. 

and tr..-i •• ion line.l 

1 
j 
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.2.1 OJ!!at.1ec1 eo.t of 1'berwa1 unit. 

lIBtU/II wb11e the output 1. Muuiïtd in ... 

nqu1~t.a of • tbemal unit IMlIIt be accountad .for, the 91wD input -

output data auat be COftwrted te input ver.ua net plant .. nd out. 

onfortunately the.. c::ha.racteri.t1ca are non Unear. In practice the .. 

non 1inear eharecter1.tiea are approxiuted by a quadratie function, 

tbrouCJb • line~ l ... t square. (abbreviated LLS) fit. 

'!'he.. quadratic CC)St f\1Ilct.t.ona .. le the deri vaticm of 

ft&IY el89aJ1t ual~a.l ao1utiou to the pzobl .. of ID. '1'be won of 

Voj4eDi [Vojdani 19791 highligbU the .. pointa. Many practica.l app11ca- -' 

t10u nlat1r:ag to thi. tbepry c&D ~ fOUDd in the -.orx by A.t-Ji1b1 [Al-

J111h1 19801 • 

'l*he opera~ coat of .ac:h 1DÛt in $/bJ:. can be ~teâ 

\ br the followirag fv:n.cUon, 1. e. , , 

, "1 - l, •••• , ... 1 \ (2.1) 
~ 
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1 

"1 
1 

I
l 'ftIU 1:be abjtICt:J._!fm:aet:J.aD caD be wr1tt:e1l _ fo1lowe., 1 ••• , 

~~ .,-

1 
1 
1 

1· 

C'!) - l: 1 Cl (Pl) 
1-~ 

...... t:be ~ an def1De4, 1 ••• , 

Il 
(cl' 

, t 
C • c

2
, •••••••• 1 C ] - • 

B 
A 

41a9 Ibl , ))2' )) '1 • ..... - ' . 
{ 

Il 
la", &2' & )t • - •••••• 1 - • 

A 
[l, l, lJt • • ........... - al 

~~.! A 
(Pl' P2 , 

t - •••••••• , J . , 

(2.2) 

(2 •••• ) 

(2.C .. b) 

(2 ••• c) 

(2.C.cI) 

(2.C •• ) 

.. tb&t the ab~ect1_ hDctJ.aa to t:be 'BD pœbl.ea ta MtIIbll.8bed, the 

, De&t tuk in f~ the ., probl_ La to utabllah the re14ate4 oan-
\ 

atniDt.a. ,,~. w11l be bDdle4 iD the DUt MCt!ca. 
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( 

1'be cœ8trainta re1ate4 te the BD prabJ..l an two fo14;> 

.-1" (1) equality ccptraints, 

,...~2.2.1 

'l'be l.iDa ratabt8Doe .... _~ te bit ftry -u., 

~ te the l.iDII z:eaeblDoe., i.~, for au l.iDa. i-~ 

,(2.5) 

l'u:rther 418%'e9arcliDg the now of nactlw poItIU' br bol4iDg the bu 

.alaqe. fiDd at 1.0 pu ad couictariDg oaly the fl.ow of F-1 ~r 

,j 

g1'ft1l in Appen4J.:x A) reault., J. ••• , 

.. .. 
Z • Je (2.6) 

• l> 

-

n+1 1. the toCal ..... r of Q.~ buM.~ 

.-
1 
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• 
lIat:dz J .t.a aJ..agQlu', .. tJae ... of iu 001..-. an JMm). 

If bu nœt.r .. 1) 111 c::t.allft _ 

tIit alacJt bail, equatiœ (2.6) be~ t 

Z • J' - -- (2.1) 

1. 

-. 
• 4 .. - L - -- (2.8 •• ) 

(2.,8~b) 

. 
• - I,.t.a tbe ""tor of ft, J:)U inj~ • 

~ . 

e -

~n,.., i •••• 

.... 1 - r...-1 • if!! (2.9' 
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:.. 
. i 

li .' 

.... 

" ,> 

11 • 

" ) 

o 
~.- f • 

ft "f..".ional vector: ... èl.~ta .re 

- 8'1t+1)-1 

or . ~- fi i e (lt+l) . 
a , . (2.10) .' 

,1 

o 

B(II+1~_i 1a the 8usçeptaDce of the Hne jo~g boa.a (8+1) and .1 • . . . . 
!he ~1 i E ( ... 1) iJlplie. that bu8 nUlllber i ia cœnected ta bUt . 

~ . ~ ~ 

! , 

n1llliber (a+1) but is DOt coincident ~itll ( .... 1) ". ' 

" 

, , . 

,.. ~.eu Of, iDequalit~ ~8tr~. exist. 'l'be tint .et 

cornapoadll to pnention l:b1ita ad the aeClOD4 Mt °correapotal!. to tran~ 

aia • .ioo lJ.ai ta. 

, 2 .. 2.2.1 Liait. on ReAl. Genera!riop! 

The bound. on the controllabi. 9~aton CD be vritten 

Real power limit ,on the slack generater ean be ~itt~ .. follova, i.e., 

, . 

P:!~ < Pm+l <; P:~ (2.12) 

.... . 

'J 

-' 

- i 
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-
Frca equationa (2.9) and (2.12) , ~ fo11011riDg ~t8, i ••• , 

ab. _ L .;; 'lo_t! < -AU: t P;;ï .... 1 J) Pat-l - L .... 1 
(2.13) 

\ 
For al1 liDe. (i-j) , tbe l'Ml peNH' flow lialu caJl .. 

witten .. followa, i.e., 
J!-' 

i.e. , 

, 

1ft!. ~ tom. for aU jUDea 1-j ~ (2.15..a1 bec< IŒ • 

-rs"::' < -!! '" !!'::. 

y -
• 

· • • 

J 

-,' 

(2.15." 

(2.11") 

• 0 

G.lS.c) 

..' 

1 
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(2.15.4) 

!'h. fOllow1.Dg o .. 16Ct fœ:a for aU ~ ~­

. U .. 18 œta'''''' by callbin:lnq eqa.atJ.œa C2.13) aD4 (2.15.1») , 1 ••• , 

se;> 4 --
'. 

~ -
s a - (2.17.a) 

-y "-
~ -..r -

cl ! - ( 
# (2.17"') 

""-, 

... tbat: tbe ..,ect1". ,...._ ...... Oocr..,..tt", ~ ~ 

.. ..u ......,." .... tilla '-'1-.. ~ GIIIItd_ al1 ~ _:twra 

1 
1 , 
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2.3 
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a.t. S --

• ... 1 .. -
rf<' le --
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38 --
- L ... 1 • at. - -
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(2.U.c) 

D ...... 

/ 

U. ...... J. ca&zllILW'i", to die ., ..., ........ III I.C" • .., ... 

follawiaa .... ,~# J. •••• 

~. 1 

1.,. 
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(2.22.c), 1 ••• , 
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f-l, t 
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1 
'/ 

1 

! 
! 

! 1 

.1 

), 

i 
(~.21) 

! 
'" 

(2.22.al 

,1 • 

'f (2.22.b) 
.1 

... 
, (2.22.c) 

1 (2.22.4) 

1 

! 1 

---

(2.~.4), -+ 
" l 

' 
f 

t i 1 ... 1) (lb !e -
"5", 

(2.23 •• ' 

• ... 1 + b ... 1 • ... 1 

i 
j 
! 

"- . 
\ 

-

• 
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It ta ~ below tbat tM el RRDU of !. an t:M ~ BZC', at aU 

tra. equatioD (2.23.b) 

. 
equal to tbe opu.aa 'Y.ua operatiag cotJt C(P).. If <me CO;DaWera an 

1DfiDi te.ieal chan9a in only the bU8 lCMda L ta 
i at all bUNa. by ua1Dq 

the Deee .. a.ry oonditiQD8 giftD by equ.ationa (2.22.a-d) and a Taylor 

seriea expan a10n about the optiaua !, along vith __ algebraic Mrd,­

pulatlou ona can arr1ft at the following equation, 1 ••• , 

• dl -
t 

d L A + dL 1 À 1 - - ..... (2.24) 

If tM ~ in bua lOI4a 11 cxmt1De4 oaly to bull 1, that la, if 01111 , . 
L1 t. .. u.a.4 to vuy ,by aD 1D.t1Jûte.~ ~ .. u .. otbu bu l.OIIda 

an _14 f1lrAld, 0DIt ooul4 obtaiD the fol.1owing equat10a f~ eqaatiGll 

(2.24) , 1.e., 

de 
;- • À1 -1 

91 • l, 3, ...... , a+l (2.25) 

will CDIt the ayitea a -ini .. of ~'i $ .. 

~ BIC' a of &11 buaea ~ tbI alac::k bus. 'l'be optJamI aIC of 

~ BlC. .. 

.. 
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, , 

l' 

2 .... 1 • 

'1'be pJ:Obla in thi. ca~ 1_ 1.aentJ:.cal to ~t iD 8ect1.œ. 

t'be only c11fference ~i.nq tbat th4t Ilack geDerator DCJW optratea 

lit • l.Jait (coule! be an t;JPer or lower liait) 

'. 
of the LagrU9i.an of equatioD (2.21) .. &>llOW'11, i.8., 

/' (2.36) 

, 
DllpmAt!\9 011 wbether the .lack generator La at .. upper lJa1t GE' lowr 

llIIit, • in equatioa (2.26) ca t:.aM eitber 0DIt. of tbe Wo 'Yal •• lIbcMa 

belDw, 1.8., 

• • 

• • 

-~ + • ' ... 1 

, 

'"," 
1 

-na. the :t.9ZaovJ,- to be '!'hd-t ... I»ac ••• ( .. ~ tbat the lIlM* 

~ U at .. upper l1ait, witboat lotnI of ~itJ') 1 

t t 1 t 1 2 
,e, • Sa E. + ~ !. + 2'!. !!. + c .. 1 + • ... 1 • ... 1 ,+ 2" b ... 1 • ... 1 

(2.27) 

(2.28) 

t M, t liIdt 
+ ! ~! + !=. -!) + ). .. 1 C! ! + 1. ... 1 - • ... 1) + !t '!t - !t.) 

+ CI:(~ - ~ ID + CI ... 1 (- .: + • ... 1) J \ (2.29) 

\. 



-
'4I!'JI!!!"'I"9!It_I .. SI!llll" .. tJ __ ..... : _. __ 00_' ._. ____ ....... _"' •• _._, ______ .... _ 

32 

-.' 

~ . 
. for equation (2.22.c) wb.f.ch be~a ,ithc' ODe of the tvo equaUou 

" 
91". helow depeDdi.ng on vbether the alaclt gtmerator ia At 1111 upper or 

l.oWer l~t re-.pectively. 

• 0 (2.3O.a) 

(2.3O.b) 

In the MXt HCt10ll 1t vill be ahowD that the .. reault. 

for t:he purpo.. of CCIIIIII}\1t1.D the BIC 1 • and the reault. IIhould be con-

.1ateDt. 

'!he el-.nta of ftCtor ~ in equatiOll (2.22 .a) wbich 

c:IIœxellJllC04a to the bouDe! gener.~. !4 can Dt neqative QI!' positive de­

peDdh,g on whet.her they correapond te qener,tors operat.iDq at uppu or 

Benœ the ith CiMlonent of thi. equation 1IJOU.ld be 
- . 

either eqaatioa (2.31.a) or equation (2.3l.b) cSependh" OD Wbet:bK 

..... ator i t.. at aD ~ lJJd.t QI!' l.oIIar llait~ i.e., , 

1 4 
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• (2.31 •• ) 

(2.31.b) 

'l'Iut reaulta of equation. (2.31 •• , b) .1I99Il*t that the 

nnlt.8 of equatiolUl (2.30 •• , b) can be extende4 to _7" b~ provia.4 it 

curi .. a ~ator operatiDê;r at • liait. 

( " ) 
,. 

The i th CCIIpOfteIlt of equatiorl (2.22.b) ca DI witteD .. 

foll.OWII, 1 ••• , 

" 

hcII 4ÎquaUoaa (2.23.b) aD4 (2.32) aM ... tbat tbI 

nnlt.8 of ~tion (2.23.b) cu be g..raU..cJ to ,uy bUll provia.4 it 

c::arr1 •• a ~ator wbich 1. !rH. 
, 1 

UDit.8 b.ariDg' qua4rat1c co.t fimc:t..iou tM optt.a bu ia=-atal co.t of • 

.,....tioD bail vUl be eqaal to the iDcI "ta! coat of tba ~ 

1 



( 
~. < 

gaeratol' if ADe! only if 1 t i. free - el.. i t 18 .i tber equal to the 

IC of the correapcmdinq qenerator plWl tbIt correaponcUnq LN or ainua 

the coU8Ç1OQdinq LM depending on whether tbat generatol.' i. at an 

\JIPP4lr or lower liait. 

Thi. I.-a Hm. to check the validity ot nœ.rical. re-

aulta'for optiJIta BIC'. obt.ained by WlinCJ aquation (2.23 •• ) and proveB 

te 91". CODIIiBtent re.u! t •• Bence ODe can canclude that the model UNd 

for detem1ning opu.ua BIC" a in tM.. atudy are independent of the 

cbo1ce of the alack bua. 

thi. tact. 

lo.'aMllty llIdt. AB caD he .. en frca equationB (2 .. 23.a, b) ODe DM4B 

• te lmow the LM'. of th. coutrained.l1ne., i.e., ~ and the value of 

the ~at1œ oorreapondh'MJ to the generator cbo .. n to he the .lack. 

aD' eqalitY COIlfItraint, wblle the .,.1 cSewlopec! in tb1B cluIptar 1,It.11iM. 

the (n+l) 10.14 flow equat.1ona as the equl.ity cxmatra:l.Dta.· It can be 
. 

t ' àoWD t:hxou9b ._le alC)ebra tbat the UI'. 1DYolft4 iD both .:MIel.- an 

iD fact the .-, i.e., 

U.33.&) 

• 

• 
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aiJlp11fiea the interaction ~bMen the rout.i.ne developed in thia atudy and 

the sillulation pac:kaqe U8ed te supply optimum LM' s [Vojdani 1982]. The 

next a.c:tion deac:ribea the algoritbJa and hi9hliqht. SOlDe c:alÇ)U'tatiocal 

advantaq.s. 

2.~." Desc:r1,et.i.o!! of the MEri tbI to 9!IPut! 0et1!I!I BIC' s 

, .. 

• 

CJeDK&tora at • c:hange point ~ ,and' detendne. whether the slacle. generator 

cboean for the atudy is bound or DOt. 

-
tnnwisdaa lJ..Du are rNd iD aDCl correape.wUagly the r ,:lnhl9 ~ 

of.-tria !t, an conat:ruc:ted ad atond. It ia worthy of MIltiClll that 

. t:ba fiDal f.&. of .. tria !t, at. cbuqe point bu oaly a _ xow. 

1..... t:be nUll:Mtr of acti .. ~aaiœ ~ta plus OlM, • D'CIIIIIber 

, , 

• A c:IwD'I9a point is • val. of syatea·459 pc! ,~. at vbJ.ch .. ~ty 

~ 91".. by ~ti.I.'aI (2.18.4..) bI_lCIa-_a Kt:.i ..... iDact.i ..... 

J 4 
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.... Itf'i ___ lB 

sa IUN. IQ. (2.30 •• ) 
ca IIQ. (2.lO.b) !O OB-

".HC"~ 

/ 

laD 8lXJlMrIœ ,ACDGB (MD) 
[WiJDIIII 1982] GIVD 

Il 1. CIII.a POIRTS (CP'S) 
2. JC1'IVB Sft OP COBS"rMDIID 

LDID _ GDŒRA'1'ORS A1ID 
mlltBSPOBDING LM'S Nf ~ 
QCB CBARGB POnrt. 

3. I.OA.IaBILITY LIMIT • 
UCB cp. 'l'BB .MSP CALLS '1'BI 

,haJUi'-~1D"", 'l"IŒ PLON c&\Rl' or WllICB _ 
la GlVD BELOIf 'l'O CC»iPO'tB 

Oft'XIImI BIC' S 

.aD .... ",P A'Z BACII CP 

....nu Sft or c:œsrMIW\ 
LDIi:I ~'S. J.lII) LII' S 

~,IIC---f SLIŒ BUS USDG 

nœ JIC08DII 5 SOLVE IlQUATlat 
.23 •• ) POR Opr~ Ble'S 

r:. IIIC'S 

lIQUauœ (2.~l.b) 

Pla. a.ut iacHeR'"" tbe _r iD 1Ib1da ~ UC'. 
\ .. 0"'"'' tilla ..... t:be loadllbllitr .nDge. 

1 

.-

/' 

• 
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2.4.5 The Syàtèa Inè;raental Coat .. "-\ 

In the present study it ia âssumed tbat the bus loads are 

lin.arly correlated to the SY8t~ demand PD (IEEE Reliability Test 

Syata 1979] 
, J 

li i - l, -. ..... , n+1 

s.parating the bus 10ad at th. slack bus,. equation (2.34) beooœs 1 

-', ' 

(2 .. 34) 

, , 

(2.35 •• ) 
i. 

.~ 

~ },) 

A !. • . ... t 
••••• , t~1.1 

- 1. the bu. laac1 &y.ta 10114 correlation vector. . ~ 

l' 

''l'hw* nblltituting for~ ~ in eithCJr ~t.iOD, (2.21) 
-' . 

.. 

" 
o~ 

. (2.29) ..a ~ the 4erivaU" vith r.sP.8c::t to syat .. cSeund PD r.... p 

(2.36 •• ) 

.\ 
• 

:' o 

'.' 
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c- '" - b À 
- "1 

(2.37) 

,; 

~ 

n.ow Jacobian ~, 8Dd ia 91". by J 

C2.lI} 

~S'u-

l'J!Ca equatiœa (2.36) 

itb .ln nt of If • -
(2 .... ) , tœ &1'_"9 elpattœ' 

re8ulb, i.e., 

dt - . cJPD 
de - . -. D 

(2.]9) 

2 .... 6 "7 01 a.ealu 

ID tM •• lIft of ___ bal FI ta:nl_Ii._.Lt ... U-. ail ale' • 

., .... c:-. ~_ t. _1171-

tbe l~litJ Uld.t of tt. ..... , __ • 

, ' 

" 
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c 
t:b.ia .1tQIIy • 

) 
2.5 u&ct. ~ -a __ s _Ses Loe.. CIl 0fS1ea UC'. 

2.5.0 A Brief ~ of n.!-!,iaa LoIaa .,·,-tioa ,JblwJl_ 

1 

Cl •• 1c:al.l.y, t:nDwt -iii on 1oe_ u... beeD ~ __ 1Dto 

... 19", l'1.u Cho _ 1979] • 

~ C'1 "d l '). 

ta 0r:êIN' t.o 1IIPl:r tbia IR , ... '......... _ ... 1 ••• i ___ ba cIeri...s _ 
, , 

~i-- kw .... 

2.5..1 

( 
'" tM ~ ., .u .. t..~ __ .':111 'Éli "tli~11 "tiUJ. .. 

L " , " • ~ • ,- ~ 

•• __ •• aa.t. 1 .... ~'~ .. û ..... ' .. la" lep •• ',1 4~"~~ 

. " , \ .. 
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Cl 

.. 

cc - Loa4 Plow *>del. Th... al1 bue. axcept the 8l.ac:k bu will be 

.,.sellee! .. vo1~ oontrolled bus ••• 
~ . 

'rbe n lolld n"" equatiOZUl can t:herefon bit vri tteD fJ:œ 

~J.on (A. 12 ) .. fo1iova, i.e., 

.,. 

1 

1968] the 1!oll..c:JriD9, 1 ••• , 

wUIa i. 

i • l, •••• 

:tOUt 
• 

, a, "'2, 

.. 

'-
(2.40) 

..... , 8+1 (2.41.) 

C2.CU . 

~ (2.W ca ... -.1 .. to _ ... a ...... _I~ of ...... wc_ 
. " 

e [........, -.. IIIIR 1.71 .. -

8-eœ'lJ 
- - ':.1-

.. t 

1 
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.'.l1li1.11_ ••• 1.1 _____________ ._._. ___ , ____ • 

c 
ca _ ...... 11 iD ~ d.-tM 8t:aa~ !.. i.e.,' 

p • 
L 

(2.43 •• ' .... (2.0-b) t:M fol.low1Dg zeRlt U cMa t ..... 

1 ••• , 

PL • PL C!! 1:) . (2.43.c) -

ttol' tille ~ aIC'. • 

-.tel _tilla ••••• 

2.5.i' aJl:', ..... 5 

'la tille JCI •• ae 01 tzwe'" Mf. la........ • Î**1- Ga 

_ fei:wlJ ..... _ toJla., i ••• , 

\ ...... 
..1 ............. 1 _1 

r , 

\ 

, . 
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0 ", 

~ 

, 

G'A 

( 

•• t. 

/ 
/ 

1. - !:. • !(!J. / ( 

, 

• fbft .......... U'J ... t:tc.r ua 

" 
al 
il' 1 • -

/ 

/ 

.. .. it:II 1* 1 , T. ~ .. JIU. '(:a •• ~). GD Ile 
,\ 

{2.".J)) 
1 

(2.".0) 

(2.".4' 

lf' .; ••••• ~ • 

• 0 

~ .... nr, h .s...., 



dllil & 

l>. 

, ! 

<. 

• " '. 
l'Da _~ (2.4' •• ' __ a. '01),."., ~_ Ga .. Wl~ ~ 

~t ...... 1 ••• , 

Ir 41fl-tU. 1 " 

• 'Il 

, ' 't: 
Il, 1, ••••• ~ , 1J~ 

, ' . - ~ 

, ,~ 

... ...u- (2.48' • fo1..1OR.at nalt: _ Ile ......... , 1. ••• , , 

:r,. 
1. . , 

. 

(2 •• '-'" 

(2 •• ) 

. (2.50' 

....... 1t1l GIII __ ' ~ _iGe,'~2.".b) .. _11_ .. ~t la 

....... 1. i ..... 

.' , (2.51' 

. 
.- .. u.tlaM (2.50) _, (2.51' t:II. ~'riMI1t: U ..... h •• , 1 •• ., 

/ 

(2.52' ~ - a. - 1 
·1 

3 111 

' .. 

( 
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~ 

Vi· l, 2, .... , a, ... 2. ...... ,8+'1 (2.53 •• ) 

., . 

(2.M) 
" 

. 
.. ~q r.ctor at bU i ~ l' 1a clllf1Md ,br tale fo1l.Gw.t.aI ~tOD, 

i ••• , 

(2.55) 

Vi • 1. ..... , Il (2.56) 

, .. ca .... t:bat ). ... 1 aa4 tbe .... 1 __ 1:11 of ! an tIW BIC'. of tba 

( 

.. 
.. 



/ 

( 

. ... 

,. 

MDCe of tran'" •• ion loa.. mpll_ tbat the pmali&eèI BIC'. of aU , 
J' .,.u.; ..... iÛt he equal to the BIC of tbe alack bus. 
i 

1 

In ~ ODe could My tbat vbeIl traDai .. 1oD l1Dea are . ~ 

*IIY, ~ opu.. operation of ,the 1Îysu. correaponda to the pena11&ad . 

'!. 
IC of all ganeratera beinq equal. COIIponenta of aquation (2.56) are 

tba .oclified coorcUnatiOD e<NIltiona [GaU.~ and Vojdani 1979]. '1'ba 

fo11cariD9 s-.-ry i. _de trc. equaticms (2.56), (2.46 •• , b, ad c) ri ••• , 

y 1 • l, •••. de 4 
1L"'

1 
• A"'l • C'.+l (P ... 1) ~ 

, . 
cie A • 
~ • l'j - (1 - k j ' C~1 (P ... 1) 

y j - ... 2, •.••• " n+l 

C2.57.a) 

(2.57.1») 

(2.57.0) 

In practtca thà;r"adifi,", c:ocmU..DatiOll equatioas an sol_ 

It:uatiftly, With aD OllteZ' itar.uoa locp which COIIpUta. both the total 

ay.~ 10.. PL~. ad the ~tal tranai.ssiOll loa... k i ~ a \ 

lM4 nOIr .tudy or 108. tIPP~tioJl" f~. (VOjdanJ. 1979) • 

, -
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••• IU ___________ *_t ___ • _._. ---,......-_--.--__ P .. _. ,. '. 

JAIIi' 

• 

• 

.7 

l'rœ *lUAticma (2.53.a, b) tbe .foll.OriD9 ie.11lU an , 
/ Obtetaed, i .•• , 

.., 

A 'L • x.t A " - -
.' 

l' 

'ftWt èa be WEitt:eA i.D tM fOD 8bcNA below, i.e., .. 
C. -

+ xt .-
'L - PLO (' .:. p.) - -

... PLO 1a the total 1IY8~ loII ... at the OP~ de~iM4 by 

\ 

[kl' k
2

, ••••••••• 

••••••••• 

" 

t , ':tl1 

, (2.58.a) 

(2.58.1:») 

p* • -

(2.59.a) 

(2.S9.h) 

(2.59.c) 

8I(uatioa (2.58.b) cSe~. 'the total ayRea 10 •• _ iD. '&' aei9bbour-

baod of the bue eue optDaa, de~iM4 by !. •. 

foDl of 'l'aylœ: .. 1'1_ 10 .. t.".l)a. 

AIwr1tlDg the ., pzobl.ea of ~ 2.5.2 with the 

.... bIl-.oe 'equati.aD resali. la tbIt foUCII'I1Dg .. of ~, 1 ••• , 
1 ",' 

.. 

• 
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." 

\ 

L ' 

a+1 
~n1·i.. t Ci 'Pi) 

1-1 

v.r.t. 

•. t. 

• 

~. 

b lm III.W" 

(2.&0.&) 

(2.60.b) 

81iajMt1Ja9 'PL in equation (2.60.b) by uain9 eqU&ticm (2.58.b) naulta . . 
in thtt to11ow1nt, 1 ••• , 

., dafinit10n 1 

li -.+-1 . -1 [1, . ,. • • • • 

t" '" (!at-l '.!) !. PD 

. 
1 ••• , '" • PD 

.,.ta. 

t' 
• • • , 1) 

... 

(2.&1 •• ) 

(2.61.b) 

(2.61.0) 

(2.62 •• J 



1111 

, . 
1 
: . 

.. 

1 .-

1 

:' 

l.. . 

" 

i • Ad g itd JJ eu.Attt" 

- ! ~1 "1 - 1, • • • • 

, 
è 
1 
! 
1 

• -, ... 1 

ft_ equation (2.60~b) in ~l (2.60) becc>.. equatlon (2.62.b) , 

\ 

4' ' 

. 
(2.62.c) 

thu uthaatieally tran.foraing BD lIXlel vith 108 ••• , i.e., equation 
,~ 

(2.60) to the folloving .qu1valent l08.l~ •• JD04el, i.e., 

".~.t. Pi , for i • l, 2, • • • • . , 11+1 

.... 1· 
'" s.t. l: ii -PD ~ 

1-1 

\ 

...... by 4ef1nitiOI1 1 

-ai 
. , 

/. 
" 

. il ta tb1a ..s.l ,,111. Ile tbe ...u.rie4 Il e' att_. ... il ~ ,'1, .. 

'..u~_--"'. 
\ . 

(2.63 •• ) 

(2.63.b) 

(2.64 • ., 

... to t:be t-ip1ftGaat C • "lit fil. .,.. 1011 ••• t:IIK 
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-P -a+1 

- A 
p -

ë • - . 

1. --

x....1 -

• • 4 MWJ a":J~l 

/ 

• 
50 

Ji 
-~ (2.65 •• ' 

1;t ë (2.6S.b) 

• • Il • • ; Jt , . 
(2 .. 65 .. 4) 

\ 

tbat: the «'l1lI __ t of total .,. .... loetI 'Tb, Mt ta Mala of tbe laaI f1aw . . 
. . 

~ J., lIÏIal1 ...... ' to lie ~ 

'Ni"".f1aJDt "... (t:lO li'" ~ taa1 ..,-- la •• ~. .1.' Il ft: .. 

ocai.l ...... to ~ •• 1tW.tltb, ... " .......... iId:o l!ICIa .. t ta iM .. 1 • 

• . .•. 11_ c tle
'", .. 

I.R_=_" • ., ....... _ Il ".111 IR ~. • .. .. 

ca ••• 

" 

" . 

• 

f 

1 
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1. 
1 

! 

• , 

o 

, , 

-~- ... ----_ ... _-_ ... __ ..... _--- ..... _~-,..-~---~ ...... _~""""'._ ........ 

S1 

1 , 

at - . -\. 
i 

• •• , .. 1 • 0, • 1 • 1. • 

- ·1 • '0 ... .1 
(2.66.c) 

at' - • 2.
t r + l'''l i · 0 (2.66.4) 

ai -
• 

AlI .fOn it ca be lIbcMa t!IItt th. Il au of ! ...s l ... l an tbe 'lUe·, 

~ the. nrllJMlC?U'" ~ •. 

(2.67) 
.' 

r' 

~ ..... rind ..uy tIRa .... tille _0 '1_ •• .-U·" Ja ~ 2 ••• ~ .' 

.. -'r ....u'iRnJ f·e_U. nI 1 .. 1 1IeiIIf. tJ. iAG& , •• , bll I_a. 

l ' ..." 

~ ~ ' ... '* •..... _ .. of ... lGIIII ~Ml IU4i11bi Ha] • 
',' ~" '1---,,' 

" 

, '. 
" 

.. \ 

" 
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• 
.. 
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in equations (2.S7.a, b, c) 
vith ~ correspcinding values in equatiOJ'i (2.,67)., resul.ts in. the follow-

1nq equat10ns relatinq the BIC 1 s ~. the ELM ta those of -the lossy ED . ; 

" ~ 

.,.sel ud are ~ized below, i.e., 

~i ! ~i • CI (Pi) - (1 - kil Ii' Vi\. l, ..••••. , m 

(2'.°68. a) 

(2.68.b) c!C Il 
~--. ~ '. dL ... l .... 1 

/ 

• \1. j - 111+2, ••••• (111+1) 

(2.68.a) 

, ' 
--

It can be ob .. xwd that the BIC ol th. .~ck bqs', i ••. , 
- ,> , 

bull D'aber ( ... 1) , rWMhil iDvarimt in both modela. 
o ." ~ 

Thue, in ,801 ving 

fIor the BIC'. :Cl the lm .odel vith 10sses, one ooUld tirst solve tbe 

conewpnadtD!l BtM by utilizinq the ~qoritblll of Section 2.4.4, and by 

auit.bl;y .xu.~1D9 the 9'eDeration coat coelficient8 of all .9enarators. 
/ ~ D 

~ tM IIOlutica to th1s pzobl_ t. ob~~,. the _ BIC of the" El) model 

vith 1oa~ Cà be'abtain~ ttimU9i:t the trut.lomations &.Ùn8d ~" ... 

t:ioDa .(2-.68'0&, b, . &IId c.' . 
, , 

(' 

. , . 
> : 

, , 
" /. 

0-
. , 

. ,,' ~ 
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CRAP'ŒR III 

3.0 Introduction 

portant role in the Pl.anni.n9 stages of a peNer syst.a, .. the power 

syltem planner vould alvays t:ry to Hlect thoH aJ.ternative expanaion 

- strateqies which vould .101.1 ze thi.. operatulq co.t. 'l'be tez:a operati.nq 
'. 

coat, iJlplles the total coat of fuel uaed by the syllt_ qenerators O'II'er 

" 

a specified period of tae, prefer.tüy a day. The operatinq coat of 

a systea 11 dependent on the loadinq procedure. aVa1lability of unit., 

The preaent study vievII the probl_ of ~ration 

a specifiee! netvortc. .tructure i .... .-d. 

cu he uaed ta aiJlu.late foz"ced ~rator out.ge. by ~ly ~iDq the 
.- ~ 

load dur.tien curve [Vardi and Ari.-It&bK 19B1) • 

thi. will be c:anaidered in t:be DUt _ctioD.. 

3.1 'l'be LOad oaratiGll C!pi'!! 

. ) 
/ 

'ftle lOIId durati.oD'-' (LDC)' 1a def1Dli4 - • 4JnP:l ...... 

1.09 the fractJ..oo of u.. in a q!.,. ~ iAt:enal ~ ~ ., g1ftD 

l' 
", 

1 

i 
1 
1 
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systa load level is ezceeded. The load durat.icm curve can be used 

for the follovinq COlllpUtaticm8, ~Iy the operati.nq cost of • power 

systa, the enerqy deli vered by each generat!ng' unit, and any uaociated . 
coqenerati.on uni ta, and the IIlinillœl coat incurred by a utili ty in supply­

'1 
i.nq the energ'y requirementa of a qiven bus (eitber bued on the BIC of 

the correspondinq bus or the SIC) • ln i ts conventional fOl:m the 

&bac!ssa of the LOC specifies the nUlllber of hours in a qiven period 

(usumed to be a day in this study) durinq which the customers deaand for 

power eqWlls or exceeds the associated demand level specified on the ordi-
, > 

) 
n~, (usuallr as a percentaqe of the annual. peak demand). ln practice 

the ~\le of)the two coordinate axes are interchahqed and the time variable 

is no~'îiZed, the base chosen for the nonulization beinq the correspond-

inq period (24 H in this study) • TbUS, the ordinate of the no~i~ed 

LOC cao he interpreted as the prob&bili ty that a 91 vren demand may be 
/' " 

/' equalled. or exceeded. 

If "CP 0' defines the noxy.lized LOC, the cUIIlUlat!ve , 

derulity (or distribution function) 

• 
i.e. , 

i8 defined by the following' equation, 

• 

• (3.1) 

t 
,'1'he 4erivative of equation (3.1) with re.pect to the de-.ad Po 9i.".8 the 

borreaponding' den8ity funct10D of tm. "-nef, i ••• , 

'" 
(3.2) '1t' 
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c 
• the 8pUa cl • ne! PD" Pi9QZ'e 3.1 CJi .... 9rIIFhical ill~tioD. 

ce Da uNd te c::c-.»ut:e tbe ape.::ted value. C-19b1*! 
• 

aftra«Ja val,..) of t:be bull and eyetea IC· •• 

tioa of the nleU ve variation. The proce •• of de1;emah,., the 

d--"". 
and would be vaUd .". othllrwb •• - 'l'be ape.::ted val_ of tbe BIC of 

bu. 1, i ••. , A.
i

, is ~ frœ the foll.owiDg -r-ticD. i ••• , 

-
B(l1) .' J SICi (PD) .·(PD) dP

D 
(3.3..&' -

The SIC is alm piecewa. l.iœar iD t:be ., __ ., ln" 

-
BCSIC) • I SICCPD) .' (Po) eUo 

(3.3...b) -
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..-uou (2.23.a, b) aII4 (3.3.a, b) tbat tba fol.1ow1a9 111 u., 

1 ••• , 

• 1 - l,. • • • • • , 11+-1 U.3.c) 

-' 

'ftIe CJI:IIII t:it:atJ.œ oE the MPeC~ ft.l.uM 1IOUl4 be1p ..... zoelat1 .. ..-..ria-

v 

pa.ar ~, &DiIJ t:boM of 1IIdiYict.J. ~ will be cU l'C"Qued 1a the 

~te8 r- LOC by'& ~ J'peer fuDc:tioo. 

atioD beiD9 -- tG atIIplifJ, Cl 10tatt ... 

1.3 ...., ~ 0 ,. .... 1 .. t:M ~ QJJeI:at:1DI (»ft 

of ....... .". 

., 

J 

( 
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" 
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. "'-. 
• ! 

'"1/iI,bI.o!b't.:to l ''''''Ul ..... ~_ ... ~_ ..,~, ... _, ... ! •. ~_ .. ,~ __ ~~ .. ~ .. -~._,..,. ... _....;.- ........ 1t':l-~ -1.""I""''lt4. -"\·1J~._ 

... 
• 1 

the XC aan .. of tba 1Dd1Yi48.l. geDU'at1Dt .tU, tbe ux: of tba 

.,.... ... bawII. 

rat:.d. MDce the equal i.DcrIl Etal. ~ c:ritericD '~aCC) caD be UM4 

tG CIaIIPlte the SIC CUI'ge of Plg1lft l. 2. C • ~, lt can lM 

ux: of ~rat.iDg unit. ara eqaal to the ardiDatü of the Ql'll"MiiMd 

ux: of tM ays~, .1th1D "tbia l:IIDge of opu:&~ of eacb 1D4i~ 

uait. i •••• 

Vi· l, •••• , ... 1 

.1 (Pl (PD) 18 the nozw1 b.4 LDC of unit 1 -' 

57 

(3.4.a) 

.:t 18 tba UiIi.tiDg generation ~ wdt 1. ~lly 
'" ,:t < P~ for aU wdta. 

1Dg t:làt tbe COIIIpUtK paclca;. prav1ct.. the pi.oevi. l1ne,u variation in ~ 

the SIC CUZ'V8, and thl piecevi .. linear variation in the generation of 

unit i with 4eaan4 PD' Figure 3.3 9ift. a 9eaaetrical procedure for 

abt&1nin9 the noxalized LDC of 9Inerating unita in.~. oùe. To be 

~al it ia u.u.ed her. that. the unit pickl up load at a point beyoad . . 

~ • . once qû.D it wl11 .be Men that w1thin 'the working rU91,"of e&ch 

lDIit equatiOll (3.4 .a) ta valide 

" . 
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.. "D'" ... -.1_ ~ Cl1 __ ........ a. to 

-U. iD tilt z--.. 91w.a br -=- follawiDg, i ••• , 
1 

7' 

-:11Ù.D _1Iift -:1 __ 
.. v;- < ~o ' tl!-D <...-;- (3.4.1») 

1-1 4 1-1 • 

, 
\ 

,... apti-. tot:al opent1Dg CXMtt of the eyRa la 91" br (iD .) 1 

.:-
Ct;œ - C~, + "J C' (PD) .(PD) 0D' (3.4.c) 

~l~ 
1-1 1 

rr:a. J'lf)Uftt1, 3.3.4, ., t 1:bt....., ueu ~, -2' ..... 
, 

A3 an nlat.cl br the followiDg equatioD, 1 ••• , \ ~ 

" 

(3.4.4) 

'l'hé' coat incœre4 by the.,.~ (JJa $), to npply the eDU97 &:'epnUllte4 
, . 

c • ABel) 

• 
wher. T is the tille <1uration under .tudy taken to be 24 H 1ft thit vork. 

The next .ection .hows how' th,., very .ame ideu cu be v.a~ to cClll!pute the 

optiaull operatinq coat of qeneratiD9 unit •• Flr.t th. tlleoxy 18 developed , 
for a unit 'vith one lC segment and aub.equently it 1s extended to COYU' " rtip1e IC .. _u.... · 

. .. 

" 

'- , 

. ' 
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('.5.a) 

\ . 
OD ~ .... t:laa (3.5 •• ) ~ta iD tbI 'fol.l..ow1sIe eqaaUoa. 1 ••• , 

COI 
1 

... by defiDit1CID 1 

.:, ..... 

"i • 1, 

" 

....... ••••• ...... 1 (3.5.b) 

(3.5.c) 

" 

Th. lé of unit i', 1 ••• , ,Ci (PI' cu);)e p~ ... tu4-.e4.in PD. 

~1. i. po .. d.b1 ... under 1011al... BD f the .;eneration of unit 1 is 

pi.~i8. linear in ~. demand PD' i.e., 
1 

Q' (3.5.4) 

1"bus ~t1on (3.5.b) beCOMa • 

• 

....' ~. 

" . 
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) 

1 
1 • 

... 

'3.5.1) 

ftJ.a ~ wUl DOW .,. ....... tx) tbe _ ... _ .... t:Jat tala 

.... .a1tip1e le 

Multiple lC MgIII'eDta an typ.lcal~ .bu • gaent1Jl9 plaDt ' 

.. ~X'1 ... of auy UD1u wh1ch ari DOt 1deDt1C~. 'l'be a1Dqle equivaiimt 

unit vlûch Z'e.w.u thrOugb the .pplicatioa of the IICC wl11 have -.ny 

If the alngl. 'equivalent tmit, cSe-

QOted .. i, hu ft le "9Mnt., equat10n (3.5.b) pt. a:xJified ta 
• 

the followinq equatioft, i.e., 

. " 

.. 
" 

• 1 
" ' 

'1 

. " 

, . 

t , . . 

1 

1 
i 
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(1.6' 

III tbe ..at'two 8MIdaiaa it U ....... tba w.. of CIDft ~ 

..., ..... ~~,* .... ..u ..... !If eaab ~ .U: 

.... ,....,.~ of tbè 4Utanat ........ . 
1 r 

'fbe total energy cJeliftred bY •• ch geae.ntiDg 1IDit i'-. . ' 

(1~ .... ) . 0". a period '1' 18 9i". ~ tbIt followtDtl ..p.. 
• 

. ti.on, i.e., 
[ , 

". "\ 

J, • 

• , ~ 1 
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1 
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1 
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• • 

\ 

(1.7) 

1 

!Id.1I oD.1d Ile "WW ':0 11- t:I-~. 1 ••• , 

(3.8) 

,~ ta .,.. dœnNt 'D ia put1C11lluly ~, .. lt ~ 

tD ..azk vttb ao1y t:be -,au. LOC. ~ • tet larity .. a_ ..... 1_ • 

(3.5 •• ) ad (\.8' tllPU" t:bat ta.. aJ.to&'lt:ba far « .. "UDf the .GI'IIRt-. ,-
iDf OINt o~ • \ait. ca he 8MiI 1:0 ........ _ ta. total --t, .. U ..... br 

.... wt. 

1 
./ 

3.7 cm'" C!O!$!~ l!WltÎM 11!f!EI.!1. t'o • Mm -
~ 

'Ibe coat iacnaI,. by tbe atWq iD ... 1JÛ19 tba ...., \ ~~.~ __ ~oa_. De: d~-U~~br 
the fo11&ad.ag~, 1 ••• , 

,pu '. 1 

• . " 

.:- -. 

J' 11 '·D) .~D) -,} 
.. 1 
Z' • 

lal i 
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~i('D) 1A t:be 1Dt:e9r1lDd ~ ~ (3.9) br t.be SIC QDII'oouJ.4 

.. Gte the CDft ~ appl)'iag 0 ~lecUiett.'f te Da i b...s GD: t.be SIC. 

ftia ...u ai:4 CII:IIIpltattaI nlattD9 te -U-""I!t' 1Dtarc::bIIDgu. 'l'be 

eiII1la .tructun ~ ~ (3 .... c:) ...s (3.9) illpU .. tbat ODe 

CCN14 ... tbe algorita *ic:h cc .. ~te. ~ opez-at.iD9 =-t of • lIYfJ-

" 

3.8 .' '1'. cp .. !'!tIft 

..... na1 ,... ~ fzoa •• 1I.lzettœ .ait ooul4 ..... 

.., .rErral ... 8D4 ..... DOt z.a '1. ta. lOId CIIInM of tba ., .... ID 

., Wlf· 

t:bJA ca lM, ateade4 te • ~ UDMr conel.atJ.cIIl faDcti_ la tba 

.,. ... f.vll .0' ta. theD&y bdDI atlU ftJJA aDJ! -iDf W1 .... to • 

\ 
.... Ift at • u.t. 

• 
J.t:b GIll sl'atia -* .... 'J.--« S ,. 'D' ~ . 

., 

\ t 

\ 

i 

, 
~ 
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3.2 ... 3.5 ODe Mee tbat: the utillty .... an .-ouDt 

bl' tbit ~l1owJ.a9, 1 ••• , 

~ 
Ri - ~ + f '.Ci'CPci) "ei (Pei) dPc1 

(!D 

• 

~ci (Pei' U ta. ~n..., LDC of t!le aallOlraUaD. UDit ad "cl 18 
1 

tbe JW: of bu t ~ iD Pci 1. 'da. 0QIIIp\Ita1:J.0D8 iD901ft4 

là • ..... tD9 Ri can ba pMtl., a1IIplU1i4 by paz--=-isin9 .1 ad. 

iDJ, 1 •••• 

~ -

.-

" , ~.... 

vi r- .Gi (PGi (PD)) lei (Pa/. "'D)) -D (l.U) 

il~ 
1-1 1 

2M ••• :11 .. DabiÎia of_~_. (.3 .... c) MM! (l~U) .... 1 .. ~ tG .. 



(. 

( 

65 

Bavi.D9 a 009'Mratioft unit in -the .,-.tta vUl affect tbe 

Mt LOC. ad- the bas 10114 - .ya~ èI-.-.4 comtatiœ ~ !. 

in the tolloving !am, i ••• , 

(3.12) 

-
On ~troclucill9 a ~tiao CN8tCIMr te INa i, haviACJ a f1u4 corre-

latioD vi to ~ .,au. èls ad Pb' equatiœ' (1.12) qat. ID!ifieèl to 

the foU0wiD9, i ••• , 
> • 

Bqaatioa (3.13) CD bit ~illpUfieèl to the fo1lowinq foxa, i ••• , 

p~ • 
J) 

(3.13) 

(3.14) 

(3.1.5.a) 
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) . 
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t-œ il 
t

j 
Y j 1, n+l (J.15.b) • • ... ~ j (1 - vil 

, 
j r! i i . 

," 

i ' , 
f 

t.~ il t j - v..f.. 
j • i (3.15.c) • j (1 "'! vi) 

8enQe every tille a OOI1eneration ~t 111 added to the system, the components 

of the correlation vector qeta IIOdified according to equations (3.15.b) ané! • 

(3.15.c) reapectively and hence do DOt require major modifications to the 

algorithlla for COIIIplt1ncJ the costa dillCU8..o in the ptevioua· sections. 

o 

( 
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(, 

Figure 3 .1. a Da~ly system load dwrat~on curve. 
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Figure 3.2 Constructing the LOC of units wh.n transmission constralnts are inactive. 
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4.0 DHc&'1pt1œ of Objeetivn 

'l'be n~ie&1 rnulu d.iacua-rs ~ th1a œ.pter are a 

caa~e of t.vo • .t.ul.ationa ~ied out on th. _ IlŒB 2'-b~ teat 

aDC! a .t.ulatiOD cm a 
~ 

A _jo&' portiOD of 
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~'" 
t:hU c:bItpter i. 4.votec1 to ""BO'làtrating th. tlMIory developecl in preYi0u8' , 

quite 9-eral within the !r= work of th. neCHaary uaQllptiou rtate4 
in ~eir 4erivati~, .Mufial:tiou wr. nee4ect to the 'data citeeS iD the 

r 
'rh ... ~ficationa _n DHde4 . 

... '. 
only in the heat rate data of .c.. g __ rators and the coDtigurationa of 

gueratora • 'l'be .acU.fied clata con:espon&.nq to the.. change. are given , 

in Appen4ix D • Appen4ix E gi vea the data used for siJllul.atiou carried 

out on the 10-bue syatea, ~ th IICdificat10na .ad. only to the netvol'k 

pu_tera to demonstrate the much proD01mCe4 variations in BIC'. frœ 

th. SIC close to the loaàabil1ty limit vith three conatrained lines 

existinq a~ the loadability limite 

The first two simulations oit,'d above, to be carried out 

on th. 24-bus sy.t~ are ~t to hi9hl1ght specifie theoretic&! aspects, 

and ~ neec!ed f"., chaDgs. to the network structure. Thea. chang.s 

\ 
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.. 
an4 the poiDtli .,..,.,..1H4 by the .!FJ.lOG reaultll will be the toplc 

of &eet.1aa ".2 . \ 

'l'be data 91 ... for the Da 24-bue.yetea iD the ~­

pondtnq nfuuce çecifi .. that c.rt&1n hyüo UDita an avatlable for 

41.= al.oDCJ v.itb tbe r tstning all tberaeJ Uliitll. Aa one canDOt . 

clef1De·.' fuel coat tor hydro unitll, j,t c~ he ~ra~ into tIMI 

BD mdel, alODCJ vith other ~nal ~at1Dg tllÛ.ta • 

.etbod for u.ti~t..1Ag t.bia bydz'o eDU9Y ~ be • .,..t. 
4eftlope4 1A the nat MCtiœ. 

, 

.. 

769.23 INB as the total acnmt ot hyclro eDU'gy av.U.able for diapatch 

on the firat cSay of weeJt 18, wh.i.ch hu beeu choan .. • typlcal day 

1:0 ese.,natrate the th.ory of previoua chaptera. . . Further, thia a.ount 
~ ~ 

of energy can be dispatched. at 100' capacity, i.e., 3 ~ MW, .. 
~ 

a~cified in the data. However, if this energy 18 diapatched at 100' 

capacity it ~uld l.qt o~ly for 2.56 H. ~ bett.er dispersion of thi. 

energy (3.SS H) it will he a8sumed that the dispatch i8 carried out at 
• 1 

a ft.xed capaci ty of 66. 7 , (i.e., at 2 PU MW) until aIl the ava11able 
-~ . 

\ energy ia expended. In order to carry out th!. dispatch optimally it 

becCM8 n«!ç •• nry to aebmlin. the t.iJaa ot day T at which the hydre . . 
\ 

.' 

. , 
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. . 
~.tol:' ... t·be .urte4. Dy vuyiDg T ~rœ 0 ta 24 ft ODe 

CCP, B) -
(4.1) 

, . 

T 

1 

C(P,B) 'l'be .bi .. daily .y.té. operatJ.nq coat. -
'1'I\a .olut1on t.o t:.b1. pmbl"_ i. carried put n ... rical1y ,by iD~ 

* 'fbe re.ulu are 91 ven in Table 4.1 • 

, . 

,vident that 15.00 B i. the beR tille t.o .tart~ hy4ro unit.. fol:' th1a 

- , 
particular cSay .. tlû. briDq. about the l.owest 4&11y ay.tua operat1nq coat 

, ;' 3 3 
of $ 362.0 x,10 (cf..$ 372.19 x 10 in '1:he absence of hydro uniu) • 

Tbia i. founeS te De phyaicMlly acceptable as ".1811, as the 1IY8tea peek for 

thi.. day occur. cl0 •• to 15.00 H • 

on di8pa'lcl},inq the hydro ener~ ~ th!a marmer the system 
( ... , 

t' 
loadf duration curve qet8"'atfected in the time interval. 15,00 H ta 

18.51 H, by 2 PU MW • Hence the load duration curve i8 modified ~. 

* • All relevant tables and figurais are qiven at the end of thi. chapter. 
",-.J 

., 

. " 

\ 

" 

! 
5 
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~ 

91. t:M net lead dur.tion C1U:'W, the 4ata of ~ch DOJ:alised~ to 24 B 

1. 91..a in Table 4.2 • 'l'be ana of the net ~ duratian cw:ve nov 
1 

be~ the net .nerqy r~t of the ay.tea.il Subaequant st..ul.a-

t10na and di.cuaeion. ~ follow vill UMme that di.patch of hyclzo 

an1ta an f.1xed at the abc". level, and will utilt- the net r..pc of 

ftble ".2 for CQIIpUtatiooa. 

'!'able 4.3 CJi 'ft' the e.nergy deli.vaIltWd. by e&ch ganerator 

lt can be Ma fz:ca tbJ. • 

table tliiit CJeDentor 21 (DueleAr) • t port1oJi of 

The low IC of 9.7 $ at .int.,. guerauon , 

of 200)11 at thie plant and the relati'ftly aall gra4ie~t «L0078 $~-B) 
• 1 

of the IC curw: for tbie plut an the priM ea~ of thJ. •• ff.~. On 

the c:ontrary, the generating plant et bue • 15 piCke up the C l ... t ey.t_ 

energy """fUnd, tU reuon. being a high le of 2~.1l $/MNH ·at a ainJ.-
__ . 1 

.. 9ener.~ion of 12.. and the high &lope of ~ IC cune of 

0.2986 $~-B. !'or: the .. renana, th.ta plant ~in •• tetie at ite 

lIÛ.lÛIIUIa gan.ration 1.".1 of .12 Mlf throUCJh th. ire range of system 
1 

loada. In canyinCJ out th... computation. doub • lin.. 18 - 21 and 

one line 15 - 21 are .. a,..4 1» be in_ outaqe Figure 4,.1 • The •• 

Detwàrk ~ficationa being necessBry to demonstr,te the disparity ariaing 

among the BIC's. due to a single line, name1y line 15 - 21 reachinCJ an 

operating limit at a· system demand of l4.436~ MW. To demonstrate 

this and other thedretical points qf. interest on the 24-bus system, it 

was necessary to malte certain other modifications to the network structure. 

e) . This will be the subject of the next section. 

... 
• '. 

, c 

L , 

.. 
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" 

vu:y froa the SIC wben at 1 ... t one uaai •• ion 1iM r.~a 

a cperatincJ liait. Dy rMIDvillq the dodbla lines 18 - 21 

aa4 on...un. 15 - 21 ot F1gure 4.1 , lt ta ~JUlt.rated 1:h&t . 

the sin91. Une n'pi n1n9 bebMtan busea lS - 21 reachea an 

operati.A9 liait at a ayata ..... "" ot 14.436 PU'" (on 100 
, 

JI9A bue) • The re.ultiDg BXC.'a aDd the SIC are babu-

" 1ated in Tül. 4,. 4 • FUrtbIIr.lA, nec::e.aarY C!CIIIIP\rtPtiona ete 

carrie4 out. , te cI_caauate tluat lt electric1ty ia priçecl baHd 

on the SIC, it could. câua. ... cuau.era connec:ted to 

certain buae. ta aub.1dise ether cuat:o.er. connected to the ~­

"1 ni '11'3 networJt bUMa. '" It 1a ~ao ~atr.ted that by a 

change 11 the pricing philo.ophy, the utility nei.ther gaina nor 

108.. 80 long .. no purchue. are Md. .i ther trom oS neigb-

'bouring utility 'or Ira. OOCJenerat1on cuatomers. 

auch purch .... are b~ed on +. SIC, it ls shawn that either 
,-

th. buyer or the .eller stands to 108. or qain unfavourably. 

Simulation' 2 The intention ,bere being1to inV8st4gatè~. 
\ ~ 

. ----
chani8a in the resul t8 of simulation • 1 brougbt about by ft 

. . / . 
second transmis.ion line get1:1nq constrained. Once _qain Any 

lin. cou1d have. been chosen to repr,JAsent this second lin., pro­, 
vid~ it permita the system ta aupply its peak demand. ~ Fot' 

----purposes of this atudy the power 'flow l~t on lina a - 9 i. 

- , 

t 
- 't '\~I ..... 

-1 
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i. re4\Jce4 fre. 175 to 75 .. , k.eeping the AMininq c!ab 

.. in .Ualation • l . Thi. cauau UDe 8 - 9 tô reach 

an cprat1nq liIIit at a .y.te. d, nd of 19.558 PO ... 

'l'b.1. oc::cur. in ad41 tion to line 15 - 21 qetting con~ned 

at 14. 436 ~PU" .. before. The rewlt. are tùnllateèl in 
L " 

Table 4.7 , fra. which one ca ... the auch pronounced varia-

tiona in ... of the BIC' s ,,1 th respect te the SIC. A 

grçhical plot of the_ variationa are gi V'eJl in Figures 4.2.1 
, 

te 4.2.24. 

uext •• ction. 

4.3 A Di.cu..ion of lteaul ta 

Table 4.4 qi ves the variation in BIC f. throuqh the range 

of syatell 1oad11, perta.ininq to the fir.t day of week 19 as qi ven. in the . 
data for the 24-bus. system. This data is modified apprcpriately te 

c:onsider the optimulll dispatch of hydro energy as a neqative 10&4. The 

normalized LOC correSpondinq to this modified -system demand is qiv:en 

in Table 4.2, which. will serve u the buis for cost computations te-

f0110w in Section 4.3 • 

As the firet transmi.sion line, i.e., liÏle 15 .. 0' 21 qet. 

CODatrained at • ay~tem ~emand of 14.436 PO MW, the. BIC' s of &11 

, .. 

\ 
\ 

.. 

\ 

-
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q.tea bu.. beqin ta d1~~er troa each other aM the SIC in intervala 

~ia1nq beyond thi. point. These rè.ulta correspond te bus • 23 

'1 being choMn .. the slack bus. However, on tryinq other buaes in the 

ay.t:aa aa the alack bu oon.1atent resul ta ",,!re obtaJ.ned, confir1aing 

the theory of Chapter II . The .. , results are COIIPuted ua1ng the 

qeneral equation (2.23.a and b) • Purther the BIC t s of generation 

bua •• wera reC9IIPuted through ua~9 the LeIaa cited in Chapter II 

Good agr...ent wr. foqpd ta ex.irt bea..en corresponc:ting results. The 

SIC' • g1 veri in this table were provided by the main .iIIulation package. 

Bawever on rec~ting tbese SIC's fra. the BICts and correlation 

data, uainq equation (2.36.b) good aqre8lD8nts were a1so obtained. 

Th .. e additional te.ta and the conaiatenéy ot re8Ults are adequate justi-

,ticatiOll that the resulta ue accurate and are void of progr..ung errors. 

The low BIC of ~ t 21 COIIIPued ta the SIC, even at 

load levels close ta mayi ... system d8JlllUld, wbile the high BIC of b~ 

• 15 can be exp1ained throUCJh the Le ... cited in Chapter II , i.e., the 

nuc1ear plant at bus • 21 vhich has the 10west IC at minimum demand, 

and a re1atively low qradi'ent ta the IC \ curve, keeps the BIC of bus 

t 21, which must be equa1 ~o the IC of generator t 21 , lov An 

argument to the eontrary ~lains why the BIC of bus t 15 ls high. .,.. 

The structure of the network is the prime reason -for the BIC' s of buses 17' 
. 

and 18 being equal and those of 7 and 8 being equa1 - i.e., one could 

~oté that the structure of the network pertaini.ng to the network modifi-
1 

cations of simulation t l, iso1ate."bus fi 18 fr-om the r~st of the system 
)-

axeept for buS * 17. Hence 80 long u line 17 - 18 does not reach an 

.~ 

... 

, 

1. 

\ 
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( 
operating liait, buaes 17 and 18 will have the sa. .. BIC'. • A 

.iailar situation prevaila at bus.. 7 and 8. 

"" The cast of de~"i vering the dai.ly energy requir..ants of 

the varioua load buaes are COIIPuted baaed on the SIC and the corres-

pouding BIC. '111e •• resulu are tabulated in Table 4.5 • The net 

* • eu.toMr savings due to a change in the pricing policy as given in 

Table 4.5 indicates that cusu-rs on buses 14, 16, 18, 19, and 20 

will sub.idue the electricity uae of custo.ers in the r ... :lning buaes 

if oost ca.putationa are baaed on the SIC. The high net savings at 

bus • 18 is due to (i) lts proximity te bus • 21 which cardes a 

cheap source of alectrical ener<)}' and Ci!) DO gan.ration fecUitie. 

bei.ng avail4ble at this bus for should a qenerater be pr ... ent bere 

by the ~ of Chapter' II, the BIC would be squal to the lC of the 

gènerator. The larqe negati ve savings st };lus * 15 are aa.inly due ta 

-the expansive generating plant at this bus, which continues to remain con-

8tratned at it8 lover limit through the entire range of system loads. 

Bence, the BIC at; . this bus by the Lemma' of Chaptèr II bec01Des the lC 

of the plant less it. LM. Since the lC ls hiqh thls maltes the BIC 

more expensive. '111e simplest method ot reducing this large finan'cial 

loss at bus * lS 1fo/Ould be to compietely shut down the plant at this bus, . \ . 
and restarting the uni ts when th_~ BIC becomes equaI. ta tlle lC at mini-

DnDn generation. By adopting such a control stra~e<JY, especially when 
\ 

( 
* Net customer savings 

priees based on the SIC 
is definad as the d!fference between electricity 
and the corresPOnëltnq,· Blë • • 

l \, \ < 

j . '" 



( 

-' 

( 

80 

,-

dealing vith expensive units such as gas turbines, the net benefits of 

a eheap source of electrleal energy such as that fran a nuelear pl~t 

could be spread over a vider margin of custamers. One can obsEJrVe in 

Table 4.5 that the sum of eleetricity OQsts remain equal ta $ 362.0 x 10
3

, 

which in ti is equal' to the total cost of operating the system genera­

tors q1 ven i~ fable 4. 3 

It will nov he d8lllCnstratad how a utility could gain or lose 

unfavourably "ben economy interchanges are carried out between two or more 

neiqhbourinq uti11 Uea. If 85' of the bus demand at bus • 18 corres-

ponds to sale. to a neiqhbourinq ut1l1ty, the dally cost of energy based 

3 
on. the SIC as ~uted by the seUer is $ 36.0 x,lO ,. while if the same 

3 
cost; were computed baaed on the BIC L t would be $ 35.42 x 10. Henee 

by maintaining electricity sales baaad on SIC, brings about an unwar-

ranted linancial benafit of $ 580.0 per day. If sales sunHar to tha 

one mentloned above are carried out at bus * 15 , would rasult in a loss 

of $ 306.0 per day to the seller or ~ unwarranted financial gain ta the 

buyer. A similar situation cao prevail if elèctricity purchases are 

made from a neighbouring utility. 

The theory developed in Chapter II assurDes a fixed correla-

tion to ex1st between the real generat~n of a cegeneration customer and 

the-system demande This assumption la used mainly for s~lifylng the 
t,. 

numerical computatlQns • . '" However more generally the above speclftc cor-
.. 

relation can be extended to a more ganaral one by assuming a pieoewise 

v 
• 

'. 

, , 

j 
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__ Ml liDe 91~ ~ ~ tJw BlC'.. u.. ntnllU of ~ 

& 9ft11bical plot of tbe_ nn.lt. an 91wn iD J'19UA- 4.2..1 to 4.2.24 • 

. ~ ~lIIlOed ....d..Uona bIt __ ... tbe IIlC·. Md tbe SIC ca bit __ 

.. 

la.... "1, 8, '1', la, al aDCl n, the gnat:etlt 41ffenDcl. ~ 

c.. .... 4.1 .. obee&'wII.i:Mt tille CMUlt. an 1_cal •. to·~ -..1. 

et .. lita Ir • 1 ....,. to. !S,~.,. IV _ ... at.ut M.ft.ri.llt ba,. t:bla 

• 
-.l. of .,... •• ftia la '-.. ta U- • -. ftPèt .. _ .1.1 __ 

1 • 
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• • .. .a. ...... 1 ~ oK _. l..O-tN8 _,_ta t:bat t.Mae ~ 

--"1Ia "311' ta' lliat'. au. .,.~ a:..u if.., ~ '" ............. 
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__ ~ l, ... S. 

~,. 

( 

.. 

\ 



• 
~~~""-:.&J.U""" ______________ ' __ . __ ~~ ____ ~~~ __ 

() 
• 

" 

( 

... 

• 

J .Y." dtnn4 of 4.091 lU _ • 

Plguree 4.4.1 te 4.4.10. 
'-

A~ 6.192 IV _ .~ U. 5 - , 

_ la 1'C u.- at.I'. II) . At 6._ IV _ .. tIû.I'cI'u.. a - 3 

ni .1. _ .~ u.t.t. t'td.8 • E 1111 t:be III n..-..1ca of _~ • l t:o. 

Cùe'" __ 1:0 lO2.-55 _ • 

::UYU:i> $ E.rM. ~~rlJt';-~:- :~~'? ~h;r~ 1..-.. 

_e .. 
OIM .DC.'It.ee Uat ~'f'O.IÇ~L~Ç l~iHty liait. ~$ net ~flect:_ in tbIt C;'Ofit: .... 

f .... artific:îd ~ Qi ~inq ~n ~ fraa t1» l~ility 

Iùli.t 8W1lt: ~ ~t. po •• ibly ~ the in~U.~ ~t 1JuitablA penalty 
~ -

. f1IDct.iœ. 'U\UJ th. BI~... ... ~ tba ~n èaMd OQ theM 
\ 

, ••• liaeë aIC' •• ~ 

, 
~, 

• 

.. 

l 
i 



.. . 

.• _I .. _________ ....... _____ ......... ; __ -=--;. __ .... J.~.---. 
.. , ..... p " 

o . · 

, . 

( 

di~timd.t1 •• in the BIC'a, "the DUt .ec:t1Oft diecua ... a1tuatiOlUl 

........ ~t.1nu1ti •• My OCC\lr • 

\ 

.... ''9 i.ctt". or :ln3C't:iv~ iil"\ :"1>Mi tion ?:o thon~ of the pre'Vio\la load 
• 

... 
~ feature \>l!'erf! i'IOt r!C1'lIl!Thll'! d~;l~ ~.') the ~ùn ~:hl!l,tl~~i::>n p/lClc.!lqfl liJÙting 

If the 9'lmerator of bua t i in Piqure 4.1 hu ~ very 

"'" ~ Ch:19'her t:hAn that: of My oth.r 9)'$t •• unitf ~ it will continue' 

" 
at l ... t tM bus demand. 

Bl' Le'.lllll!M of Chapter II, this 

cauna ~~ aIC of bua', 7' tQ increaH in.tant&MOusly te the correa-

~ te value of thi. ~l'atol'. 

• 

• 
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4.5 ~ppli~~t1cn of nrcl~ in th~ Exn3n~i~~ 

!L.~~2 of P~r ~~ ________ ,~."., 

in arder to detemine the beat st~au9Y 'fIhich would min.ilü... daily operat-

The ~11cation of BIC's ln thia field of 

• tifi study wUl be explained throuqh tb!t tollowinq exurple 4 

(i) Commiseioning a coganeration unit capable of qenarat-

1n9 1',5' PD MW ,at aU ti._ at bus • lS • 

(U) Suilding a nev tranad •• ~on 11n8 e1th.r ~n hUMa 18 

and 21 Ol" batwen 15 and 21, uaœd.AcJ that the .. 

lines are DOt available at pn .. nt. 

(iU) E:/I'pandinq the- gnaratiœ fac111Uu at bUs • 15 tbzoqgh 

ehe addition of ~ naw 12.. \1IÛU of' the ~ alJ:Mtr 

• 

1 
,~ 
'; 

" , 
'. 

\ 
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The daily ope:nlting cost of the system werril found ta 

3 
change from $ 362.0 x 10 to the following values in each of the abO ... ~ 

In the f1rst alternative the daily 0~ràtin9 cost he-

3 
co~~ $ 354.0 x 10 . This however· ucludes the ImOUllt paid. by tho 

b~~ed on th~ SIC or. BIC. 

that the utllity paye this coçanaratio~ customer at least the expense the 

ttt.ility would have 1nC\1X'red hat! it suppl1ed th!G energy, which UIO~ts to 

:; 
$ 5.36 x 10 (COIII1\Puted ~sed on the BIC of. 'bUll .. 15'). Renee the 

It 13 

found that. the addition of .. MW trlU'lSi •• ion line either betveen bu .... 

.... " 
eonstra:lnt cm Hne 15 - 21 Ilftd :r:eeult . iD .. 4ai1y ~at1n9 coet ot 

, 
'3 

$ 359.'7 x 10 'rh. third ûbamative le found to be Dy far ~ .,~ 

.. 
'fhé h19h IC &t the m n .... gcmention 1 ... 1 e4 the et.Mp .lope of tM 

lC CNl'ft, Qrltcludes thi. un.1_ fl'Otl p1ct1Aq VIP toM ~.tu daa4, and 
·l 

benee CCIIltt:m..S to operatè at tH lowr ge_rat1œ·11Jl1t. Wbich is opu' .... 

, 
tJ.oc&lly.,ra ..,.s1.....,,, 

will ptO .... 1:.0 be the but. 

~ if elActr:ici.cy n.lee to _1~ uUli­

t.t. .. an ba1ag COD",~, 1af-..at.1œ ~ __ tM . Pc's ~ 
__ euco. .. f\1l.ly 1a tlMontica1 ~ .. fOI' ~t.1.Dt' ab ___ .ia 

• 
:r:eVU\18 ~ oIIbOat. .. te) lWIbfoft \1IICIN:"taiaU.... ..a.~ ....,. of . 

. t:. • . 
U.li.DM .. 

- ,. 
~ . 

--------

• ! 



( 

( 

" . 
~ " " 

91 : " 

conclusions . 
DiuCU89ions and numeribal examples in this chap~r have 

sh~ that the BIC'a of a system give better information relating ta 

electricity priees than t.hcae provided by the SIC # Furthermore 

thé reasons for thé variations in BIC,' s from the SIC are di ecus s.a 

sc that if one were te baee coat computations on the SIC one would 

knov whore precautionary measures mWJt he taken (lUeo having addi tianal , 

transaission fac!litie8 in system locations when lines are likely te 
, 

re&ch opar.Unq Iblita) in the power sy.te1l 'te alleviate ùftwUl'anted , . 
aubaidy and finaneial 10 •••• (or qain:t) to both Il utility and lu CWI'"' 
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C. 1 IIouHbolder Matrices 

IIoUHbolder .. tric •• are uni~ n-.stary 1Iez:m.tJ.an 

_U ie.. vhich ha". the genera.l tora 1 

Il • l (C .1) 

av cletini tian 

li 
li • [Il' . . . . . . . , ~]:u (C.2.a) 

(Q, 0, • • • • . . , (C. 2.b) 

It cu be 8hown that • trauf~tion of the follow1.Dg D&~ 18 pGjI81ble 

(stewart,. 1913) • 

"­
ali- li -- -

Pr0Yide4 the tol.l.owiD9 equË lem 18 .. tJ..f1ecl ~ 1 ••• , 

~ • li + P.t 

.. 

(C.3.a) 

(C.3.b) 



c 

• 

( 

i 

j 

ay .f1Jl1t1œ 1 

!' 
A 

[1, 0, Olt • . . . . , 
lldt 

A 1 lE 1 p • 2 

C.l 101uUoD ot tbe LL& hab~ 

a 
• '\ob • - A. 
- - 2 

v.r.t. ~ 

!. • 

~l .•••.•• ~ J t 
a

18 

au ..... -m 

a
ll1 

•• • • - • a>a 

tille •• 1 ta .-.1- ........ 'l •• u,.U ..... 
2 --- --
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.1 

(C.4 •• ) 

(C.4.b) 

(C.5.b) 

(C.6 •• ) 

(C.6.b) 



1II-... I11 •••• S,.12 •• I11 ... , ... , ............. , .. _______ ... _. _____ ~. - • -- . - -- --

, 
.. 

v.r.t . .Jl 

wber. 2 - !.!.-l . . . . . !t 

liber. !t' ~, . . . . ,!. are Bou8eholder .trioe •. c!edgDed 0Il the 

colœ:u of A te brill9 i t iDto an upper trçeaoidal tom. 

'l'h~ the abjecti". function (C. 7 .a) ~. 

lb _ Rail + 1- l' 
=-i --2 ~2 

v.r.t. ! 

i!. • 
o 

., , i • ..... 

( 
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(c.?.) 

(C.7.b) 

(C.8 •• ) 

CC.I.b) 

(c.e.c) 

cc •• , 
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• '!he .olût.1C11l of eqaaticIIl (c. 9) 1. tr1'rial,.. R ta aaw ~ 
A 

of !.." 

Al9DZ'1tt.8 tG 801_ tbe LLS JEobJ._, bMed DB thi. 

\ an p~ te ex1at, for uay 91,-..ais [su-z1: 1973) • 
\ 

t'laj~ 1979). . !bi.a calle for a ftJ:'f -=c:u&'ate _thod te. 

r 

, 
/ 

( 



.19.nj.BII .. 2 .. L .... ______ • ___________________ ~ __ _. - • lU 

la 

• !fI np D \ 
"P7P pp !p! ·.'M,. œma 

'l'able D.l, 91... the .at rate data. __ ln tbia 

(1) I8II "liabi11ty T*at Sywt.. 1919. 

(2) al .-1'Ml aa4 (:bd........ 1979 • 

• .. 
.... D.l 

1 ] IlIM!I!U 9' ...... ÇOft ... 

.DI ftft .... OUftiUf .., o •• CCW! 

(a.) t JUIl n.- VUJ .... 

ftU/IIIl ,IIW/ft. " ,~ 
U lVuil H OU 20 15,500 -10.0 1.' .... 50 a, 150 

4 
10 11,460 

100 11,310 
• 

50 rll •• u 20 14,400 1.75 O., 
0M1 50 U,6IO 

10 U,110 

100 10,-970 

Il 

" III III CM1 ao 15,100 l.O.o O.,' , 

CIMl 50 12,. .. ., U,.,. 
100 l.I~ 

( • 

• 
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..... RI! (oaet'.' 

G- : ' 

.ua ..... WIWf BU o 'o. a.r ;> .. (.., -" , DB PD:ID vaJlDIILa 

M'U/IIIh $/D/ft. .~ .. 
'1> , 
1 \ 100 ro..u H Oil 25 U,400 8.5 0.80 

1 
.... 55 ';'200 

-f 

80 I,m ! , 
lOO 1,910 i ,. , 

• 
155 ,.,..1 l5 11,200 7.0 O.ID 

1-'- 60 9,000 

10 .,MO 
100 9,120 

191 lIDeai.t MOU 15 10,150 5.0 0.70 ...... 10 9,1SO ., ',MO • 
100 9.600 

... 1 ., 10,200 .)5 0.70 .... 61 '.-,. 9,$GO 

100 9,SOO 
1 

400 ...,1 .... ~ .. 25 12,550 5.0' 0_.30 .... 50 10,. 

"., 1O,U3 

100 10,625 
0" 

f 

. ., 

<- o " '. 



lUI_litaI 

1" 

~. 

an,.tia C. 

\ - .... 1).2 , 

'-. 

-: 
œft CCiiII'Ia.ts 01 -..rXIG tIIIft • 

; 

"ri Ira .CQft CiAli'lCx:.ns 

C., c "lB) . ",-., b (t~-a) 

12 33.9109 21.3943 0.2116 

.50 66.1300 12.3135 . 0.0117 

71 100 •• "" 12.1'" 0.0221 

100 ".3764 '.7171 0.1330 . 
155 539.171' 1.3365 0.0790 

117 301.~3' • ao.~227 0.0060 .. 
350 _.2519 '.I~ 0.0071 

400· _.7356 3.GC7 0.0102 

.. 

. 
.. l.al&iO_ of ... ; 3 _ ..... _ ......... 

~ D.l. 

. ... 
' . 

. ( 



• -------------------_._--

t· • 
, 

1 

- m. tIIr!' 1 œrr 2 tIIrr 3 œrr 4 

1 50 50 

1 2 76 76 76 76 1 

7 100 100 100 

... 13 197 197 197 

15 12 12 12 12 

lA 155 155 

21 400 400 

13 350 350 
.. 

'JJ 

f 

, -

• 

œrrr 5 

12 

1 
J 
1 



11 •• '1 •• ____________ , ___ , __ ~ __ 

1. 
G • ... .,lX • 

lOIl 'lU 10-_ nit_ [vœDIIII 1982] 

TABLI 1.1 

.... BOS TO BOS x ItMmG 

(PO CIl 100 MVA) (PO MVA œ 100 MVA) 

1 2 0.230 0.75 

1 3 0.300 0.50 

1 5 

o~ 
0.50 

1 9 0.15 0.75 

1 10 0.073 1.00 

2 3 0.040 1.50 
• 

l , 0.200 1.00 

, 5 O..l5O 0.75 

5 , 0.)_ 0.50 
r 

5 7 0.370 0.50 
/'-, 7 0.670 0.50 

~ 7 • 0.150 . 0.50 

• , 0.170 • • 0.50 
~ , 10 0.110 . ,. 0.50 

.' 

( 
• 

~, 

'" \. " . 
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'"\ 

G tJI&& I.l 

awr a.'!IClaIS œ ! 1ft! DG tII1'J'S 
.... 
i 

4 

œIl'f 'fin IGII. GD. ~. ~. COirr co.'f'ICI.r1 i 
($~-II) 

~, 

o.> .) • (f~) b 
~ 

~ 
1 10 te) 3.80 0.040 ~ 

• la 100 4.00 0.003 

C 5 60 3.90 0.040 

0 10 65 3.90 O.MO 

1 20 50 4.05 0.0* 

r 10 60 4.33 0.002 

G 5 30 3.90 0.07. 

1 10 te) 4.00 0.022 

tur.a 1.3 

.. .. .,. œrr 1 0lII'l2 "IT 3 œI'l .. œœr 5 tII1'I 6 
, 

1 A A A A 1 A A 

2 a • • • • • 
3 

) 
C D 

, .. 1 , P • 
7 Q G- G 

10 • • • 
( " 

'\ 
#-
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