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Economlc 'tispatcfi of the*Tnal Sranermtlo{l

|1 . t1. Sa I ama' S.li. AbdEl l'!al:Eaud'

.A,B,STRACT

Thre paper- ceals with the fornulation anJ =clution o{ the cptinaleconomic nperation problern of thermal podEt. gystefi: over Fhort tet.niperjod=. An appt-opriate rr,atl-,er,atjcal mr,oe! and a ,DEthed of r-;jmFutet-ssluiion tiaspd trn the frr-st c'der- gr adrent t€chnique ar-e ppF! i*d tottie =y=ten' rri th arrd xi thout con=ider ation cf the tr-ansnriFjs jrln losseE.To obtein nor'€ €conornic gerne'atirln an eion*aric rjispatch, in which neh,sets of F*coefficients (}f {-.raris*1$sr(]n losse-s forrflula are c;lirilated;ccot-ding to xhe daily variations of ioad on the sysi€sl, will bep!-e=E nted.

I }fTRODUCTI ON

Er-nc,ni c Fovler- sy=te:. cper-atii:n ceal E xi th the eparrs arrd tEchni oues
fcr achie'ing n,inimun opel-ating cost to sup-pl.y a civen prEdi.ctetr Ioad
oFtriir.J-'ih*re is a need to e;rF'and th' iir.:ted gc=nornic oFtir.,tzltian
l:-cllrle-" t: incorp:.,r-a':e ccns+,r-ai.nt€ cn =,r'=+-:rr operiiirr, iJ gngura ti.=
serrir ity tF the E),sten tl to 4l

The original probrem of economic operation ,'f th'r-ma! rroder =-),=:*.r,3can be successfully solved by nume'.'ug ,,letrrDds. Gradient nrei.hq:d= have
rlne ver')'-'tr-,.nc uesir-able char-acteristic. That is, the gradie.nt sear-ch
techn:que lrnich always start off erith a feasible solurion and $earch
for- th;:a'-in:rm along a rr-ajectorl the.- naintai.ns e:*;sible =olutionat all trmes [5J.

In thrs paper an economic cJispatch wirl be pr-esented, in r*hich neli
sets of B-coefficients of tr-ansmission losEes forrnula ar-e calculated
according t-o the daily variations of road on the systee, to achieve
fiiDrE econ3'',ic generation. The prr:pcsed dispatch is based on t.he first
,,t-der gr-adient nethod. It i s applied to a p$Her- Eystern, Hrth and i{ith-
out the trarsnission l'sses tal:en ints ccnEiclerat!on, to achieve mini-
mum oper-ating fuer cssts. The tr-ansmis::ion losses of ttre power- sygtem
are calculeted by using the loss-fornuLa coefficjentg.

I Aser6tent - prcfo*aor ohd A€s- t9e!ur., of ,.lect.
d3Port.. foculty c! onginaering rshoubrol, daguig universaty,
lo8 shoubrc Glro€t, coiro. Egypt.
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2. ECOH$}{IC DISPATCH OT THERHAL GENET<ATICN

A therarsl poxr:r svsten consists of (N) 
:*'i:i-:::eratinE 

units is

{\' 
.";":';:;';" ; equivalent load bus throu-qh a transmission netrror}:'

The optlaizatlon tinre period rill be divided into (n) time intervals'

The totat generating cost of t." =vtt"* 
(Ftl is equal to' t"" 

-::: ::

- the genereting cogts of each unit tf't *tc'mugt be a minimum value 1n

each tlr:re lnterval t7 to 91, as given by

., = .!rJ.1r'r't = xililum

F.{P.t=AiP:+8.P,+ci

tr)

and
(;)

t:)

tbere e' I B. anJ E. a;e the caEt con3t:r:t'- cf u:-'it (:) ' t

The sutn of ttre' outputs nust be e:ual io the pevle:- denanded by the

{Pal lr: r<1di}-lo:r !o t-hc t:-ars{ti s'-itn lc==-z; iF"i r ae irc'rFr in

{ol lt:trin: constrain}- eo:'lation

I oai

N

E Pi=Ft
i=r

+F'

(-a.) to be Perturbed qome smal I

as follows r

The pexer of each unit tP.l must be gr-eater than or equal to the mini-

frun Fo|.pr peraitteo a^o-*="."::.":-:::=r:::: ::":::1.::=t::"'":';:l-":'
Foue - pErt-itted i}n that perticul'ar unr

"?,' = p, s ,i'" (4)'

ThE cc:i=:!-aints ! lthich are given in eqns' t:l and (4) must be

sstlsfieC in eactr time lnterval'

GraCient method start off xith a solution in thich al I the

constraint conditions at-e met (feasible solution) t and search *or the

op!lauc aolution "'o''n " 
trajectory that maintains a feaslble goluticn

at alt ti*es" The gr-adient search oethod is alloxed to continue until

the saarch procedure can find no additiorral significant gain ln the

obiectiwe {unction or until the number- of iterations has exceeded

some reasanable high value [5]'

by allaxing each of'the Pc'HerB of eqn'

amount" tt€ constraint equation becornes

lrH
r AF. =AP. ' t .ldFL/dr&r=l
L=l

ts)F. I AP,
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U=inq laylor serlEE e;:pan=ion in eqn' (li and neglectrn; llre sEc(}n6

and hi gher ot-der tet-'rr: r ths cost eq*ation {abjective frrnsrion) car' bE

:!!arned 35 C
' F" * LFr = Ft{Fr} + Fa{Fz} + ""' *

+ ta i, / d f't) AF', + ""'+ td Fn r'

Tftue, th€ diffet-ence in the total cost is obtained

!,F-=; (dF. /dF'r,!?
t r=t

Orre unit Inust be selerted as a dependent Lrnit tlnit

eqF.. (Ii' c-:n be r'etlritten as

gN

; ;?- r aPx = E (d ?L,' dFri aF + (dFr- / dF'^t
!:l !=l

Frc.: €cn. (8) . aF'x can be c'btained a=

N

Etae,-(dPL/dF',t)aFiI

t(dF'/dF'x)-11

ctrange in cutput power of tl-,e oependen'

in iLltput' Pa't=re of iha r€t1'3irri;rE i il -

then. becomes

F iF' INN

d fN) aFx (ll

a9

17'

nlrn'bet- x) t then

. .' - ;

r:P . {i t x) {Erx

,{i r xi (91

uri t in ter.nE o{
1 ) unit3.

,{i t x} {101

tl ,(r I xl (111

using th€ loss-

, (i t rl ll"l

t 131

function of unit

i.o (t{t

4px

.1Pr- i s the
th't change

Eqn. (7t,

o., = 
l=, 

t (d F. / d Ft) * Zr (d Fx / d Fx) I aF'

sh€rE zi = tt - (dFL / dF',tl / t(dF / dPx'| -

tlhen the transmission losg Povrer (FL) i5 calculated

forfi,ula coefficients, then x
tdFL / d P.) = =l=r",rr,

'ltd?L/dFx)==E"t*r",

foln of transmission lo:s (Ft) as a

given bY

Ft- =F [.8]f'+F go +

fhe general
generation is

| .' . 1

and
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i.lhere F tg tt* vector of 4er.erator- tlus pa|r€f (f1t'l) ! [E] is the -qquar-e

Er,atrlx havlrrg the same dimeneion as 'I'. L;o ig the vectot- of the eame

lenoth ag F and B ig consi;nt. "1
- oo

Eqn. t14l ian be resrltten, after neglecting the second ;nd third
terri*. ss +ol lows.rl

_FFF b c tl5lPr- = F E Ft F,, Fj
!J

thts B-rnatrl>l loss fornula is developed using a get-ies o{

trihs*ot'tttatlons r:n the full-inFedance natrix of the tr-an=mi-'sion

:y*tbm hetworl. Lll. Two assurnption= are huilt into the loss formule

derivetloni The firEt e.s:umes that e;rh generatot-'s reactive poHer-

tD. -t i *- e llnear flrnri.icrn o{ its rr:al poxer' autput (P, } ' That .i=l .'
t

c.=s.F.

ihe EFcond :ssuniption bui 1t into the calculation concerng

i'E*brence-bus woltage. Thi= r'oltage is assumed llnown and con=tant

,csCl'rg !"'r Jes on the srsterr. ltre {-ral {orm c{ t'hc Er.-r;e{'{';cien"=

the tt-anemlssion losseg is. [6].

t l6)

the
a5

of:

r,:,

J
?

'
;
:t
I
I
I
I,!

,':: I,iR:. + nl
b,i =-'ij : I [ {cos6, " S, sinS-} (cos9,
t, 2lvil lurl

+ {sin 9, - S, cos 6 } lein 9' -

+S sin8)
J,

5. cos 9.) I (t7f

t4here Rr a.e the elemcnts frcm lef€l-EncF frame J' [23]r

Sa r S, are as defined in eqn- (16). and lv,l, luj!'t, and € are the

b,-tt roitages and phase angleE frorn the base-load f low'

The following alqorithm ig used to obtain the proposed eronomic

dlspatch :-
l. head lnput clata (nrrmber of generating unitE' nunLrer of time inter-

vals, llne end btrs data. cost functions and power lirnits"")'

2. tt€Ilne the tlrne interval and the cor-r-esp'nding deoanded load'

3. Ctlculate rlatrix of 8-coefficients as follcrws t

- calgulete the oFen circuit impc'dance matrirl of leference fr-aae It

- ca I rulate bus adni ttance rnatr- i::,

- use Gauss-seidel nethod of road flar+ study to detsrrnisre lina

flows, bus voltages, active and l'eactive por'er generated!"

'.rr:+{q



- cal rL!l at€ tt,F ir,pedences or51 *r=
the re;r ter.m= of the impedan._ ::",':r:::::: ;,:: ;: 

.n"" defjne
- cel.:ul€ie thE g_coeff icrents ;s4. c;lcuIate the tr-ansmresion rosse= :lt:" 

in €qn'$7)-

i. Agsi,r,e a *eae:rl€.;;;;;:^::=:"= 
as gtiven in eqn.(15).

( k = r r r< is .""':.:,::::il""li"l;.,.' = , to N , satrsryins €qn.(3),
c. ,Seiect thc- dependent unjt )i and its power f,.

.;.1;i;:.;"='i ; l.' ':^: :jr,,,.,.t 
='o {,*,''ol1',^o 2, as given in

E. Caiculate (F +
o,-o=,' r-"r'."-';,==i:=i; i";,1.= 

I to N and i - x ' and derin€ the
9. lheck :.hcij., the
varue er ai.r and .";::;j.;';i"'".1t;"jl) 

ror irnjt : arid edjust the
lO. Calculate the v 

-__--t 'I '.
p, { r( = k . r ). 

alue of 4F' froo' 
"o"''"ti't }o'".'o the nF1'J value of

li. Cfreck the constraint tn eqn. i4!constraint is not satisfied. selectstep (7).

fcr the dEp€nd€r,i, unrt r. ff ti;is
a ner{ dependent unit and Eo to

1 (r;lie." AF, is th= djfference
col-responJinq v:lue iri the

the
of

the

1?- C:, lculate F-. (,
ber$e-n i., in tirrs ,*,:".1J; :'"j'0.;_p:-e\'ious i rEraticn) -
:5. if 6i, ,= niii,in the toler.ance value, print the r.esults (e,ach uritgen:i-ation. tran=nission losses. each unit oeneration co=t and totalg:ner-aticn costs), if not go to si;-_ rl).14. F(rr tl-,€, ne)it time interval gcl to steF (l) .

3. RESULTS

Tables (1) anC {?) list the input line ciata and bus daia oftsed sample po*e' svst€m t6l' The cost function .the pcae.r- linitsrach eener-ating unit (the base is lOaJ ttVA) and also the rrsta oflai ly load cur-vE ar€ given in Tables (3) and (4) I r.espectively.
TEtle (l) Input line data.

tt",.i--1. i:ail.:.;;1i.r;.

R (p.u.l I {p-u.l
I
.7

4

6

4

6

o. o57C,
o. or33
t.t .|]794
o. o 173
Q.O3t9
O. O3Or:r



6ener-aii on
P {p.u.l O (P.u.)Aesumed bus

voltage tp'u. l

o.40 0.o5
o.30 0.o5
C. f 5 tl.O:'

o.30 0.o:
o.10 o.cts

l-.o5 + j o.0o
(specified)

:

3
4
5
6

't

56
T;'ble ti) !nPut br; data'

.i

T:ble (31 Ca:t functionE';nd power- Iimlts date"

Table (41 gailY load curr'F data :

fhe c,atheo*ticaI nodel is formed as mentioned in section {l) tr: obtatn

the opt!nun scheduling of the poHerE r*ith rninimum generation cogtg rt

EEch tltne lnterval. The proposed econonic dispatch is pre<ented such

thet the transmlssion losses are tat:en ln congidel-attsn and nert seti

bl the F-coefflcients sre calculgted according to the daily varlatiorur

of toad sn the systeur.
the ebtained values of generation of each unltl transniEs{t:n

1c*€err total generation and Eeneration cost of each unlt ln additlsn

t6 the tbtal generatlon cost at each tirne interval are tebulated' rPs-

pbrtliraly, in Tabte (:). The o.btain=J cptim''rn hourly laad Etletlng l3

Bhfi,rn ln FtS. (t l .

'..i1

;..ti
:'l-lii

;i
{

^t

I
I
I
.{
l

.,'*t .::::::.

r,,,,,;t!i":,-.. !-l rr :1!r tt'li:1-

F*1t {l'i-,}pmali1n,.r)tr t$/tt){*/Htr h)A (s,/lk- l.,Unlt t,:e.,
-i.920
;. a50
7.97Q

rl . oO 15-< 2
o.0o it.l0
tr - ({}48'1o

I nte:' . No I z J 4 6 7 e 1 10

Tlfir .i-6 e-B 6- I (:! itl- l4 t4- l6 16-la r 8-22

l-lours No, 4 4

[,oa d lfircf 1i-rir 35it -i5tJ :.50 700 950 600 I t-';5') r 15(, B3J



Tal. ie {5}
59

oFnFr at jDn (f1frl

ttr. .urieir the

F ou*r
cl5 t:

. I c=ses {l'iu) . ancl ge.ret.ation
l. . ,L. LJerrtct(nis sr-L. !;l ted)-

J

l,';r:n ltrp E:_:_+f f ic!ert: erg ia.itt-, li:€:; ai ifi+ f il =i I:;rl value andrnajntained as fir:ed values +:r- all Bther load !F.r_iations, thecot-resfo nJing ,-u,t;ocJ vai,,es sre civi.r! :.ri .lstle (&r.

I.i le i{,! i:-:iter. e€nEt.at ion (l1H} . lcsse= 
.{l1u}. and g*neration

.osts (r.) . lhh.=n th: f._Ci..{{i.l_nt= *, = i-ir,or:t.'

:. (_t:

l.{rl
1.64
2.1o

z.5t

t 0199. 9
7674 -8
?333. r

11074.9
13749 -6
367 46.A
lt?5A.2
?('):84. B

8.r?
5.9L

Total fqel
44430. o
164?A.6

1AI ?50.,7
':ost ovei- the whole Fer-iod =

_-1-.--

f-iq_ (:) sh.,rr= :he ralculated tr-an=n,rsstcn los=es F, (]f the Fot{er-s\'steni liir:r' tbe p*c.ef f icre nts !ir.e caI.rt"t*r-.-;-;;"'lr,.la ,ouo yaluea;rd o'::nt;ined fi::ed as ronst;nt valu== for- alr .,ther road variationss.nd Hhen these coefficjeli= a,-e I,ecalculated accor-ding to thevar-iation: of the. load t.el-sltE the total load decandr respecliy6,ty.

lnt F F.
2 F, F.

L

2.29
t.oa
1 -].g
z, t,E
3.v.'
1-711
J- rol
7-rJl
?-tl
z-4tl

P
! F

I F
z F, F

t

€

lo

4

?

lz3 4. s2
Irgq.zz
lzat -ao
125.8.27t\23 . .iA
{56 . z?
:;87 - j7
526, .?' I

tYq.rsl
lvz .ca 

I

l?e3. (,o
I to9.*z
I t93. se
lzzz.zo
l77J.t2
A7a . a6
24j-og j

3s8.€51
3f?.s8l|
lo o. aol

s4 . l/>

3?.73
66.70

1r:r5.El
123- 4r-t
7:.a:

l1? . ''A
t6{rr88l
t 6,0. so 

I

=az .:.351 . r-;

451 ,4

7uf,:

6oJ- t 
)o:z.g 
I

ts9_ 6 I

853- 1 I

I

I sace.t
| 1z3t_:
I 4:i6.-

54:l - 5
6576-1

lg.r'.rqr.4l

ja 3.3? .11
232?z - s I

7 827 .t-l

t
I 3i; ,-

I zts-
l:e:v,I 4tre:.

5lrJB.
l -1 I (-;6.
+665.
;ta7-

I 504(j.
5e,7r -

c

6
I

:l
JI
2l

I?ra.:
I Oaj3. e

I -65-6
1?50.61
451.9-II
rraz-sl
2et7.tl
6(:19 - - 5l
ZqL:.EI

I r):-(i4 . 6
7632.8
93:E,6

I to7? .7
rf,734 .8
3f,646.5 

i

ft9o5-Ei
:c--64 .51
14 +rrs. q I
I 6469.6 ITote t iqe I co:t or c!. thE r, rle . ;er- t r:d

1Al7J3

t
2

1
4
,
7I
?
io

l!5. r-rs l:c,:.:-l6':'. :7 1 r .r .,. 54
zto ,sz ltgr -ca
258-17 lzzz-ts
7J | .o4 i:;-". ce
1':7.5s lso- -=?
t St.7A llSL: - S -

Zg- 26 11v.,.1r,55.:2 l;9s.o-c;v1.62 f:::_e;

63.1t
5'1.0,-r
9?.71
7 t .:.1
9:-4?

j.:,/.:!

8-. I -.
I 1: .3 

--.

r 67.:t

5Or. t,t

:iSt . L'
!-r.a
JJ-. f,

5(-' I 8. 4 J97 6.t)
':tttq -9
4(ra1 .2
43l}tr. u
5l!r-r.9

I -:8-:(:r.4
4ia5.7
7-'99-a

i5OfLl--
6110.9

I a:(15 . s
977.t

I 1i:-.:
t:c 1 .8
I7-l!-s
6r t5.1 .El
t5tt. I
-L-_,.Y
6l 9f .9jt74.g
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6I
l,,lherr the tra.nsnissron Ios=Fs are_ not

.l t5t= ti-rE col t-elpDndrng c5t;:ned r,:lue=.

lal,.lE (7) [Lr/El- REnerarion {il,.J) 6r,d
(!.,hEn thF tr-ansrnissron IosEe= are not

talen jnto acc::rnt, lable

:a

cost: lf gE,tet-;tiorr (+).
t;l en into ton=ideration).

(7'

I l^o {-a t Fqet coSt 6ver fb= whcl€ FgrioJ =

Tatat *en?Fj*Tarico=t (g)
ioTJI-Tr-ns;--
l6=ses (t.11..h)

ecrnolr.'iJGt;E
c

I I 175U .7
_trlx*rjrled l@

18 t 7 33.,,
%

,1.t4.99?

-_

217.(r l

I l'- ar:q

| :*: \'i nC : ; j:,ErEtiron co;..= {l)
--avj n-_A-: r il:Fr,=l

I o=ses (l1w h )
r-x?a--i;-
conplitiri,l tir,e

27. 03-

7s'/

The

the
are

tct:l gener-ation cost: and the tetal tr-ansr,iseion Iosses tttr{h) intotal optrmi,:ation tifie pe, iod l+ith fjxed varied B_coefficientslisted jn Table {g). The saving in the total graer-ation costs end

lnt P, p
2 P

t F, I t F F
2 r FI

1

:.
I

e,

q

lt(_r - (_r,-

i6i.r.,,-
:{.}4. L:
li5, tir-r

f,I:.:-.i
440.r:',,:
Z16. t:
454 .60
Z7 a.tfr
3qt -73

l,r=.=t
| ! 4.,. cr ..

Ite:-r:,,-.

?64 -72
:;t..5;

4r-r.;r.4rir 
I

4r-r:J. a'rll
322.45ll

b7.67
5 -t . itit

7?.3 .t

99.::

oJ. or
156, (":) ]

I Er-r. r',, i I

r21.r7l

5(rL,

.l5r:,.
55t-t.
7t:t.t.
950.
60U.

i 050.
.t 15D -
85().

49frl.5
37=.L - 4
43?q.t.l
5:64. I
b796 -tt

t ;;.?:. L

97t1q "32213t .31
7gl:-rl

:.Er:ra'. 4
-fJ5.4 - rl

4:G5 -:
5!14e. ':

I ,i I {,e.3
45:ifi. .:.

75ir:'. e
l:,:'il.b
s*c9.1 ]

14=4 .7
,77 .1

r1le.6
l;A2.3
I ef4 .3
49ti$.4
:-i::': i

it 73-tI
::er.9 |

l.J 165 . 5
7AA7 3
?J04.9

t 1(tJt .9
I J6€l?.6
,.646L.3
I t 91i5.3
:fi11)7.4
44048. a i

r 6tr8S. B I

;syga
T he cn- : i,1,ih-. !C;HEr' g'ne.E.1 rcri r{ triF Llnr t= .;el-=Lr= t:,s totar denrandecllood is =hriin in Fi9' (i) - Fr9- (41 --rr-,r= thE optimu,rr fu=l cnst trer. hL,ur.fot- e;ctr rrnr t ve , su: tits toial der,anded load. -

TaLle {E) Comp:r-i=:n beti{een economic dispatcf, r-esults with fixedand r.al, ied f;_co:ff rcrE;l::-
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tt,e tatal transr,ission IclE:es ,nlri,, *,-rr; tne ogt$,:;.^t:trii per-iod arr;lec' iatiuleted in Tabre (Bi- This savrng resurts due to the calcula-
:l:: ":,,:"" sets of B-coefficients acco.drng to the variarions sf therf,E Ei:tr€se in the c.nlputing tifte for the ecor,onic dispatch liththe tr::: caEeE oi "the 8-cosffrcier.i.s ie atgo Iicted in thE saare -_abte.

{. CONCLUSIONS

Ar' gcorroaic distratch hras pr-essflted to obtain nore €ronomlc aenerationfo' thersal poeer :ysteils- rn the proposed dispatch ne' set= of B-coefficients of t'an=mission losseg forrnura are carcular:ed arior.dinqttr ti'e {ai r): -va'ia-tisns of r.,ad on th= s).stem. Th= recarculation oitne g-coeffirj€nts 
accc)r-dtng the lcad variatjon tal:es fiol_e romputingiilaE iJt -!!ve; Eccul-ate sharing of tne g:nEl-ation urr:ts.-l-'E €or-r-e=pondj.nq qeneratton ril=t= sn4 t'an=-;i==jon fc=sF: (r.1Hhl

'li,rl .1 the sj:tiaiz:tion p,rr:.d ri li be lo=s ih:r r.h.a€ i/h.n ,:he :oe fSicien15 €r-€ :arc'rated at the fi'-st load walue and maintained constanti.irt.i: J;i.l: :oad v;r-iations.
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