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Economic lispatch of thermal generztion

M.M. Salama® S.H. eobgsl taksaud

ABSTRACT

This paper deals with the formulation and sclution of the cotimal
economic operation problem of thermal power csystems= over short term
periocds. An appropriate mathematical mooe! and a method of camputer
solutiorn based on the first crder gredient technique are applied 1to
the system with and without consideration of the tranczmission losses.
To obtzin more economic generation an eccnomic dispatch, in which new

.sets of EB-coefficients of f{ransnt ion losses formula are celculated
according to the daily varisticns of load on the system, wWill be.
presented.

1. INTRODUCTION

Economic rowsr systex operation deals with the means and technioue
for achieving minimum operating cost to supply a civen predictec 1

cemard. There is a need to expand the limited =conomic optimization
probler $o incorporate constraints cn o syeten cperaticon i ensure  ths

SECLrity of the system [1 to 4]. -

The original problem of ecoromic operation of thermal powar zyst
can be successfully solved by numercus methods. Gradient methods have
one very strong uvesirable characteristic. That is, the gradient seztch
techniqus which always start off with a feacible solution and search

For the op

imum along & trajectory thet maintains & <eacible solution
at all times [5].

In this paper an economic dispatch will be presented, in which new
sets of B-coefficients of transmission losses formula are calculated
according to the daily variations of lcad on the system, to achieve
more economic generation. The propesed dispatch is based on the first
order gradient method. It ‘s applied to a power system, with and with-
out the transmission losses talen into ccnsideration, %to achieve mini-
mum operating fuel costs. The transmicsion {csszs of the power system
are calculated by using the loss—formuls coefficients.
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2. ECONOHIC DISPATCH OF THERMAL GENERATIOHN
A thermal power system consists of (N) thermal generating units is
connected to an equivalent ipad bus through & transmission network.
The optimization time period will be divided into (n) time intervals.
The total generating cost of the system (F1) is equal to the sum oOf
the generating coste of each unit (Fi) and must be & minimum value in

each time interval {7 to 91, as given by

T

N
F_ = I Fi(Pi) = Hinimum (1)
=1 R g S -

&and

A9

F¢)=4a P +B P +C 3
LS 1 L R T 1 LY
where A B and C ave the cocet constents of uniz (). 0
L S L
The sum of the outputs muct be eaual to the power demanded by the toas
(P‘\ ta 2dditton ta the transmiscicn 10283 (F }. ac cacun in SEE
following constraint equation
s -
g ¢ =F_*+F )

H L R
\=4

The power of each unit (F ) must be greater than or equal to the mini-
A8

mum power permitted and also must be less than or egqual to the maximum

powe - persitted on that particular unit. Thes= inequalities are ious °

Frin e P B (a)

i i i
The cenziraints , which are given in egns. (Z) and (&) wmust be
catisfied in each time interval.

Gradient method start off with a solution in which all the
constraint conditions are met (feasible solution) , and search for the
pptimum solution along @ trajectory that maintains a feasible solu@ign
at 211 times. The gradient search method js allowed to continue wuntil
the scarch procedure can find no additional significant gain in the
objective function or until the number of iterations has exceeded
eome reasonable high value [s].

Ry allowing each of  the powers of eqgn. (3) to be perturbed some =mall

amount,. the constraint equation becomes as follows @

N ™
y AP = AF, = £ } dF / dF &P, (3)
i=4 1G5 §

Ro—

i
|
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Using laylor series enpanzion in 2gn. (1) and neglecting the seconc
and highesr order termz, the cost equsaticon {otjective functien) can bz

=5tained as
3

F.r + AF1 = Fl(P’) + Fz(Fz) ¥ wiene X FNaPN)
. . P \ e
+ (d F‘ /7 d F’) AF‘ 4+ .....* (d FN /s d FN) LFN (6)
Trhue, the difference in the total cost 1= ocbtained as
N
, _ ; . 3
AF1 E’ ( d F—'.l / d F‘ ) AF_l (7)

One unit must ke sezlected as a2 dependent unit {unit number %), then

egn. (S) can be rewritten as

N N
f‘:,‘l?i - ,L\P" = %::,(d PL ;.4 F'.; LF o+ {d FL / d F}.) APX L x) {E

Froo ecn. (8) o ﬁPx can be obtained as

N
E[AP‘—(dPL/dF'l)AF';.]
Lp, = - —— e S Z XN (7)
L tdF, /g F, ¥y =113

~p_ is tne change in cutput power of the cependernt unit in terms ot
the change in cutpub powsrs af the remaining o - 1) units.

Eqn. (7). then, bacomes

N
AF = £ [ dF 7/ d Pt) + Z.(d Feo/ d Px) 1 AF, s (i ® X) (10)

Ass

where T. = [1 - (d F-L / d F'.‘)l / [d F‘L / d F'X) - 11 ,G *® %) (11)

When the tranemission loss power (FL) is calculated using the loss-
formula coefficients, then
(d PL / d PL)

Z B F , i = %) (12)

i)

“Mz

=%

it

and (dP_/ dF)) -

N
2%y B, P (13)
3J=%

The general form of transmission 1oss (FL) as a function of unit
generation is given by
P =F [BI1F+F E +B (14)

L o0
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Where B is the vector of generator bus power (MW), [B] is the sguare
matriy having the same dimenszion as Iy & is the vector of the came
length as P and B__ is constant. y <
Eqn. (14) tan be rewritten, after neglecting the second end third

gﬁrmé, de follows

= . 15
P iZ’;FiBi.JPJ, (15)

The PB-matrix loss Formula is developed using a series of
trdnsformations on  the full-impedance matrix of the transmicsion
system network [1]1. Two assumptionz are tuilt into the loss formula
derivation:. The first zssumes that ezch generator’s reactive power

(Gt) is. a linear function of its real power output LPi). That is,
c =5 F (1&)

The setond assumption built into the calculation concerns the
reference-bus voltage. This voltage is assumed known and constant as
fcacding veries on the s=vetem. The £ nal form af the B-coefficientz  aof

the transmizcion losses is. [é].

R?, + /2
. PR (cos 6. + & sine@. ) (cos 6+ S sin @) .
v i & S ) )

2191 (vl .
+# (sin & - S, cos 8. ) (sin@ - 5, cos €.) 1 (17)
i 1 i 3 2 3

B, ;

Waere R

S, » Si are as defined in egn. (1&6), end |Vi|, le" e, and ej are the
bus voliages and phase angles from the bsse-load flow.

. = )
are *he elements from reference $rame . [z 1,

The following algorithm is used to obtain the proposed economic
dispatch -
1. Read input data (mnumber of generating gnits. number of time inter-—
vals, line and bus data, cost functions and power limitss...). :
2. Define the time interval and the corrvesponding demanded load.
I. Calculate matrix of B-coefficients as follows 2

- calculate the open circuit impcdance matriy of reference frame 1,

-~ calculate bus admittance matris,

~ use Gauss-Seidel method of load flow study to determine line

flows, bus voltages, active and reactive power generated, ..

st i b A R
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T talculate the impedznces of reference frames T ang 3. then define
the real termsz of the impedance of reference frame i<

T Calzulaie the S-coefficients €S given in egn. (17).
4. Calculate the transmission losses asg given in eqﬁ.(lS).
5. Assume & feasible solution of F; s 1 = 1 to N s+ Sa&tisfying eqn. (3),
(k=1 _ 4 je the iteraticn number J
c. Select the dependent unit x ang ite power F;.
7. Celculate Fx = d Fx / d F; " F‘ =d FL e | F; and ZL aS  given in
€. (1) . i = 1 tg N apg § = wo.
E. Calculate (F 4+ 7 FK‘) + 151 toNand i= s » and define the
ardzr 1 of the ;rsst;st value.
9. Theck £h0Ut the conctraint in eqr. (4) for unit T and  adjuszt +the
value of A“I and calculate the new value of Pl .
10, Calculate the value of AF; from egn.(9) ang find the new value of
Pe - k= ks g ;
li. Check the constraint in eqgn. (4) for the dependernt uradt w. I§f {hig
constraint j¢ not satisfied, sclect & New dependent unit and go tg
step (7).
12. Calculate Fi (i = 1 to N, F‘r and A?7 (vhere AF1 i ths difference
between Fr in thie jteration and the Corresponding value in the
Previous iteration).
15, if ATT 1= within the toelerance value, print the results (each unit
genzration, tranzmission losses, earch unit gerneration cost  and total

SEneraticn costs), if not go to step .3y,
1

el

- For tre next time interval go to step (2).

2. RESULTS

Tables (1) and (2) list the input lirne gats and  bus data of the
'Sed sample power system [6]. The cost functicn ,the Power  limits of
ach gernerating unit (the base is 100 MVA) and also the data of the
aily load Curve are given in Tables (Z) and (3), respectively.

Tatle (1) Input line data.

mND.T‘From bus 7o bus F (p.u.) [ X (p.u.)
1 1 4 0.0570 0.0845
2 1 S 0.0133 0.0360
S 4 ] 0.0194 0.0625
4 2 S 0.0172 0.0540
p 2 e 0.0319 0.1750
& 2 é OL0Z00 0_15$Q-
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Table (2) Input bus cata.

Bus ficcumed bus Generation Load

No. voltage (p.u.) F (p.u.) 8 (p.u.) F (p.u.} G (p.u.)

b3 1.05 + j 0.00 - - - -
(specified)

z - 0.30 0.05 - -

3 = 0.10 0.05 = -

4 - - - 0.40 0.05

S " - - 0.30 0.05

& - - - ©.15 0.02

Tsbie (3) Cost functions snd power limits data.

Urit tio.. | A (S/Hu: )y | B (#/te h) C ($/h) gman (Hw)‘l )

1 9.00:542 7.520 5564 £00 150
b 2.00:1949 7.850 3.0 400 100
32 0.00a820 7.970 78 200 50

Tzble (4) Daily load curvé data :

Inter. NoJ 1 2 3 4 ) —b Z e 7 10 -
Tine o-2 [=—4 |4-6 }&-8 |&-10 10-14 | 14-16 [ 16-18B 18-22 |22-24
Hours No. | 2 2 2 2 z 4 2 2 £ 4

toad (Hw) {302 [350 (330 |S50 | 700 50 00 tes0 11150 =0

The mathemztical model is formed as mentioned in section (2) to cbtain
the optimum scheduling of the powers with minimum generation costs at
each time interval. The proposed economic dispatch is presented such
that the transmission losses are taken in consideration and new sets
bf the B-coefficients are calculated according to the daily variations
of load on the system.

The obtained values of generation of each unit, transmission
fceses, total generation and generation cost of each unit in addition
to the total generation cost at each time interval are tabulated, res-
pectively, in Table (S). The obtainsd cptimum hourly load sharing 1%
ghdwn {n Fig.(1).
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Tat.le (S) Fower aeneration (M), losses (Mw). and acreration

cogts (9), iwheEn the bE-Loefficients 2o veried).

Fz F.|_ | F{~_ F(_
$ 2¢3.¢60| 64.16 2:Z9] Se. 1218.5{10204 .6
=z 169.92( 51.87 1.03] 351.¢ 10:38.8] 7632.8
z IB3.98] 59.7% 1.38 o1, 4 11325 328.6
4 ,258.27 227 .50 &&6.90 Z.£B] 55z 7 1265.6111079.7
b 323.661273.72|105 .81 3.20) 70z.2 1950.6113734.8
& A75.00[t73.40| 4.7 554.7 4579.8|344646.5
7 243.09| 72.82| 3.10 coZ. 1 1367.9111565.8
8 . 388.45 (142,28 7.53 1637.¢ 2E17.20202448.5
q $94 .76 399.98 16G.88| ?.03{115¢9.¢8 S 6092.6144304.4
1o 92. 60.00l160.50| 3.41 B53.4] 7827.2 567%.21 29470 16369.¢
Sl s 7 Ll RS K L_.\Jm_‘ Eavaliing Rt Motictin
Totel fuel o=t Crer the wiole perind = 181733.1
et 4 e i = i_ C.._v.h = “‘%—‘__&_ﬂ—*‘_ —*—_J
Fhern the P-cozfficierts 8re celouleled a4 1ps first load value and
meintained ae fired values f-or all other 1cagd vériations, ths

corregponghng ;bﬁkjch valueg are civer n Teble (&),

Tetle (&) Fower geEnEration (Mw), lesses (M), and g=reration
I

costs (3), fwhzn the F-Ceedficiznte are fixedg).

i—~—~—--r-——«-\ g —————— oy iy i RS SR .
Int F F F:‘ - F F F F .

S 1 ] 2 . 3 ~<_L__< T_«\;_\_L 3 I T

1 “Z5.08 20T 52 ] 6741 2.020 502.0] su18.4 I976.0| 1205 10199.9
2 160,27 [1aa 64| 500,00 1.07) Zs1.0] = i 7674.8
3 200,07 [121.90 G970 t.ga] a= ¢ $323.1
4 158.77 1227.2¢ ] 71.21 Z.40| 552.5 11074.9
5 330.04127%. 48 ( 62,45 | 4.0z 704.0 13749.6
z §92.5g 127:T¢ | 7.5 TS 346746.8
7 232.75 82.12 | 2.5 ¢oo.9 11958.2
& SIB.26 162572 1 .99 1053, ¢ 20283.8
? 59%.72 167.57 o925 1140, ¢ iS03C 444380.0
10 (304,472 115.45 [ 5,94 | g55.¢ 71‘f.. 16498. 4
Total fue] “0st over the whole peried = 181950,.7

Fig.(2) chows the calculated tranzmiscicon losszes FL of the power
SYStem whien the E-coefficients are calculated at the first load value
and a3intzined fited as constant valu=s far all octher load variations
and  when these coefficients are recalculated according tp the

variationz of the load versus the total load demand, respectively,
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bhen the trensmiscion losses are npt talen into account, Tabhle (7)

lists the Corresponding obtzined values, 3

Tabile (7) Fouer gEneraticen (Mv) ard costs of Jenerastion (¢).

(when the transmiscsion locses ere not tslen into consideration).

Int.l p, P, e, AR J LA A | LA
1 230,00 193.571 &7.67 = SO0, 4920.5| Zeaon.a 1424.7 10165.5
e 870,00 S ¥ 00 == =80, 3734.4 2B84.0 g7 1 7607 5
& SN T - 450, 4529.0 1 I03.9
4 <58, o0 = 72 5764, = 11031.9
= 135.94 - TO0, b756.0 3] 13682.6
& 440, 00 = 9So. ¢ 2b6444.5
- Z7EL. 45 o= 3 : - &0, 7 119046,
L5 454,606 ee bl R = i9590. B 20107.3
7 270.00]4 2O 180,00 =1 11S6. . 44048.2
Lo a 24.17 - ES0, £z koo, 16368.8
B k] € ) U W ey ] enny o]
Totsl fuat Cest over ths whole pericd = 189769 .¢
—— " OO Bver the whold 29 — 129709 .4

The optioum boWer grneraticn of the un;ts versus the total demznded
load is shown in Fig«1(3) . Fi1g.(4) chows the optimum fus) cost per hour

tor each unit vereuz the totel demand=d load.-

Tatle (g) Comparison between economic dispatch results with fixed

and varied E-cozfficienzz.

[w‘_~“-"h‘-“ [‘—ﬁ~7—“¥v~‘§?252;73_37§53?EE_‘WW—“‘—~h_ﬁmnk—
with fited B-ccff =] with ‘ied E-ccsEf e
THfQ[‘;Eﬁ?Fééfaﬁ"*%“—M*_WU:ZT;ﬁM T A ]
cost ¢§) 1813750.7 18{733.4
hTETETMYFEHET“_*M“_*“_N_t; U o ]
losses (Mizh) Lo 1o4. 992
LEVInG 1n genzracl T oy
t1on costs (1) - =178
wim?ﬁenz.—mu‘—»&:‘t,\hx
losses (Hw h) - 27.032
—EKEEEE‘?H"‘b‘__“““h—_M—ﬁ_‘—”_“—~*h~”*~"__‘__Mﬁ———-h‘~__‘~—
. P 7
Jcnmputing tine J - | L

The teots=) 3eneration costs and the totsl transmission losses (Mwh) in
the total optimization time period with fized varied B-coefficients

are listed in Table (B). The saving in the total generaticn costs  and

R i
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tte total transmiscion losses {(Mwh) during tne optimizeticn period are
tabuleted ip Table (8). This Saving results due to the calcula-
tion of new sets of B-coefficients according to the variaticons of the
Isecz. TH=s EXCBSE:r in the computing time for the ecoromic dispatch with

the two cases of the B-coefficierts je aleo listed in the sasme table,
4. CONCLUSlGHS

Ar. =conomic dispatch was presented to obtain mare economic generation
for thermzi Power systems. In the proposec dispatch new sets of B~

coefficients of trancsmission losseec formula are calculated accarding

to ke Czily. variatione of load on ths system. Th=s vecelculation of
tne B—Ccefficjents according the load variation tales aare computing
SimE But Jives accurate sharing of tne gznzration units,

The forresponding gereraticn coste &nd  transzizsion lczsee ot
dbf‘nj the optimization Far:od Hill be lezc than thst when the ccef
Cisngs are Talcilated at the first load value and maintained constent

Wilth dsiiv Igad veriations.
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