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1.1 THE: ECONOMIC DISPATCH PROBLEH *

‘L2 SYSTEMMODELS . ERRRE S

CHAPTER .1

INTRODUCTION

- Ofe of the most. frportant requivements'fn. today's.high qualdty
bulk energy system operation is the. proh!‘em of aptﬁna! control wi 'th
respect to econony and sec«rﬂy within: prescribed envlromentu'l const- T
raints( 1). ~ “ .
The pmbhm of finding means of mnmumg the cost of electric
energy dlspatched (active and/or active-react(ve) has been occupying
the attention of many researchers for a nmﬂzer of years now (2). .In
order. to allocate the active and/or acﬂve—reacuve pawer qenerattnns
optimally, the system under cons!derutlon 1s represented by an amqup-. ", , 4
r:iat:‘mathemaﬂm'l model frnm which an -index (cost r:elated) function o
1s derived and a suitable npt\m'zatlan procedure is app'(led. The .
- Titerature 5 rich with optimizatlon techmques applied to power sys\‘.em
" problens (3-8). ®

Power System modelling ‘for optimal operation is well docimented

Hn the Titerature (9-13). For the purpose of .optimal-control, the

electric power system {s- divided into the .fonwlng ‘three ‘major’ sub-
s,ys’tems (14) &k~ S /

(1) The thermal® generation (tMs includes as a subsys\‘.m the nuc]ear
generation available). it ea e i}

() The hydro® generation :(conventional and pump storage hydro)




(I11) The tntarconnnct'ﬁg extra high voltage p‘anénissien network (EHV).
Many ma_themticn models have been suggested over the years.

In_thisthesis-the following models are considered :

1.2.1 THE THERMAL AND HYDRO' GENERATION MODELS i

The plants are represented by input-output or efficiency type
models, i which the cost related function (in each case) fs taken as -

quadratic in the resp active power ’
1,2,2 INTERCONNECTING NETWORK MODELS , %

Tvo models are considered here, one is.the active power Toss i
Mel. the-othér s the active-reactive power foss model. “The first -
is geneuu&.ﬁw the second by llqking certa_in assumptfons on the

fetwork operation. The models are based on the active and reactive .
w;r:bhanné equations (ARPBE). The active power loss model relates
the wm‘ active power tl"ainsmlsbslnn losses to active power gzherations °
only. " The ‘second model re‘lates the whl active-and reactive power

transmission losses to both active and react!ve pmrer generations.

13 BACKGRWND

’A ‘number of mnde"l';‘ have been generated over the years. Th‘:i
p'lant efficiency zype model considered here has been used axunsive‘ly
by EfrTstengen and E1-Hawary (15) The' network power loss mqgl
mentioned above-1s .commonly: kriown as the 'Ioss formula or the B-Coeff-
icient method. An earlier.but simplified versirm s due to George (16). -
The B-wefﬂc(efnt model used 1n our work fs a modification u Geome s




s Gz

“assoclated with the.varfous power sy’scan models has ' been recétving

expression in that a constant and a 11“;!? term are added to the s
expression (17). Thl; 1s-commonly referred to as the gémilizid
MnsMSsﬁon lvoss formula.- Another early Im;el 'due to Kirchmayer (18),
relates the network reacﬂvf pou;er Toss to act‘lvz»pm‘zr generations.
The active-reactive power loss model employed in this thesis s based
on an extension of an_uo et al's work (19), and 1s rmrted‘by :
El-Hawary and Christensen:(20). A somewhat simplified- expression is.

to Edelmann and Theilsiefje (21), this contains quadratic terms
only.and. neglects the actfve-reactive (P-Q) coupling.

In_recent years, the problem ;‘ﬁg:t‘iuﬂng the parameters

considerable attention (22-26), in the hope of finding muMe —7

: . prvceduns thlt will reslnt in gond parameter esﬂmn.es for power

system appHcatlons

1.4 PURPOSE AND SCDPE OF TEES!S :

‘mis thess addresses ftself: to the p/'wmf ﬂnd!ng good

g ntlmus for the parameters uppearlgg/f( the: vnrlnus mlt.hunatica'l

W
mdﬂs chosen to rgpnsent the three pwer systen decmsitinns The
cogt of mm(ypmr system depends on the dggne of accurac_v ofthe
,es.timtedﬁrlmtana However it should be foted that since any

parameter estimation procedure s biased on some experimental results,

. au'cmnot hope- to determine the trie vales of the-plnmuu with

absolute certainty due to the measurement errors (27-29). In this
work five well known parameter: estimation techniques (30+33), namely




.

J W
the Heighted Lalst Squares, Linear Ragmslnn, Gluss-llewtnn or Bard,
Marquardt and Pmte" Regression Algorithms are wp’l(ed “é’ our- poer

‘ system problem and their results are compared. Having eqtimlteq the

/

parameters, the models are then used to'allocate the optimm’ power

generations of the following three practical test systems:
[44] ,Q/ Bus Test System (34)
(IT) The Amerfcan Electric Power Service Corporation 14 and : 30 Bus
Test systsns : .
The Tatter two' izst’ systuns are mdly referred to as the IEEE 14
and 30 Bus Test Systans respectively.
/ “ The upt(m‘l zation procadnre for n'l'locmng the pmr g:nerltions
f'_:r the above test systems {s lntended as an extra musure to judge
the merit of each of the five parameter gsﬂ!utlon technfques mentfoned
earlier, as different parameter estimatés will result in different
optimal strategies, The procedhré s carried out by minimizing the '
cost related objective function (active and/or active-reactive) supject
to equality and inequality constraints. The {terative method of
Newton-ﬂaphson 1s employed for the snlnt!on of aptimlnﬂon conditions.
1 Having allocated- the nptlmm power genzratiuns nf the syswn -
under consideration ﬁgr‘a particular Ioad1ng vnt'.ern, these powers -are
then applied into ﬂge_ the original nqh-ori: and-a Toad flow solution
1s carried Qut to ‘study thefr ‘Ignpact on_the network performance,
* The. optimization procedure 1s carrfed out for one l‘oad'nq
“pattern per test system. ‘To observe the ﬂex"hﬂ‘l:y of the models
with their estimated coefficients as d‘lscué:ed"_lbwe, different 'Ipild‘lng




Mttern are applied vm u samph test systsn and the corresponding _——
B i

optimal strateg(es recnrded. —

"Thapter m glves a brlef descript1nn of . each chosen mode'l,

IS with the detailed dm“tions of the acuve and acnve-reactlve power’
. loss models given in appendix A. Also in this chlpter a descriptinn
"™ § of the-model format 'se“t‘up for the purppse/nf computer: manfpulations
- is given. CThapter’ three outlines the five parameter estimation
techniques that are egwg'lbyeh to estimate the parameters of interest.
i t16h . algorithns and the

: : Data-prepapy L
‘ ‘. . results nbtained for Lh(e three subsystem mode!s are given in chapter
four, with the detaﬂed‘ description of the test sysums given in
appendix B Chantar flv: s devoted to the des:r“lpﬂnn of ‘the
algorithm used to mncau the optimm power generations of ‘the test
systems and the results obtained, with the inftial guess estimators

= B ' for the Newton-Raphson based npt‘jmzauoﬁ algorithm given.in appendix
€. . The discussion - and ‘conclus?uns are given |n chapter si%.

[}




" models suftable for computer manipulation purposes.

CHAPTER 11

e
/' “SYSTEM MODELS AND FORMULATIONS =~
/ : s

This c’{-apter is;qivlded into two. sections, the first gives
detailed descriptions of the chosen models that will be employed for

our purposes. The second is devoted to setting up formats for these

. 2.1 MODELS CONSIDERED (9) "

‘ . e are interested.in two nodels. The first reI;‘te's plant
input-output char?acieristics (for both thermal and- hydro generation
saurcé';).\ Thé second deals with the network models. . It should be-
noted that thz models discussed here are but 11lustrative, o ) . J

Z 1.1 PLANT PERFORWINCE MODELS

4. The models chosen here are Input-output orﬂefﬂclency type x

models and are described below.” - L g 26

A. THE_THERMAL GENERATION SUBSYSTEM MODEL

The input to_ the p\ant is7the time rate of heat consumption ¢
measured in Hzgajnu’les per hour (m/hr) and-the output is the active

pmr generatﬂms masured 1n Megavatts (MW). The total fuel cost

most commonly usedds one where the labour, maintenance and supvly
costs are taken'as fixed percentaggs of the 1ncom1n9 fuel: cost.
The fuel cost curve for econumy operuinn 1s taken a<"a second order

function in the active power generations and is-given by: _




S L A

s R ! T @
FotlPast) = 851 * B Past * Yoy Posy GO/

where F( s is the th thenna\ unit operating cost and Pgoy is 1th active

pover, generation, The total cost for m units s,

W w4 vy :
Fo = £y %t * et Pass * Vi Posi . Gd/hr. ... i(2.2)

arameters to be estimated are agy, Bgy and vgy associated with

the thermal unit {. Subscript s stands for thermal generation (steam).

ﬂ‘ THE HVDRO GENERATiON SUBSYSTEH MODEL ’

In this case the 1nput to the plant.is the water discharge
rate measured in Million Cubic Feet per hour (Mcf/hr), and ‘the output

. s the active power generations measured in Hegawatts (MH).

Although many other alternative models have ‘been proposed,

"we use:a model similar to the cost' related function model ai:ove. This -

is-given by: . . g a_"
%3(Pang) = o * Bng Pong * Tng Péhj Hef/hr, ......y....(,my
whére Onj repr‘es’er‘vts the wnﬁr di'schnrge rate at b!ve Jth hydro plav‘\t.
and PGNV s the acéive power generation of the jth hy;iro unlt..‘ Like-;
wise the parametel"s to be estimated are - Bpjor th and Yng associated
Mth the jth hydro™ untti Subscﬂpt h stands for hydvv generaﬂnn. :

2.1.2 THE ELECTRIC NETHORK MODELS

The fo'llwing two models are considered in tMs work,

C e




“This is co‘l’/m;n'ly known as the Bxcnefﬁfient ;node'l. ,l'tg is
generated by considering both the active and reactive powerbalance
'eliuatinns and by making certgin assumptions on’ the network operation 5 s
e N _(see appendix A for -déta!ls). The acth;e power loss is written'as: . -
S R gy
PL= K+ iii Bio Pt +. i ;51 PGy, Byy ’,’GJ e (208)0

or in vector-matrix form as:
s : ¥ g%, g

w Kot I
PUKo ¥ B Byt Pg B Pgo

where P, is d\é total transmission active pover-loss  and Py s the i

active power generation 3t ‘the ith'node. The'parameters to.be estimated

.. for this model are K gy B, and B, where,’ #

L BemDByg By

and, . T

I-
"

«|"n1

Bisa square symmetric l;mti'lx. The pi\'ametgers are functions of
: 7 R
7 b voltages, impedances, phase angles- and load pattern etc. ‘of the metwork.

Equation (2.4) can be dey}ived from principies see appendix A. A

TS e s e

-




» By THE AL'TI\IE CTIVE POHER LOSS 140

TMs Me1 1s agalp/derived by cnns1dcer1ng both the active
|- . and renctlve pwer ba'(ince eqnaﬂ ns. The: exmsslmls for the total’
"y 6 new‘ork (ransmﬂs‘:‘]/muirrhu at may be written‘as follows: - '

: ; i"L “,‘Lor*/'[—’e 9;]

s the total transmission acﬁve Y
’pmyhss;y Aj/ the coul trlnsmlssiun w pu}enﬂ(s.g .
/ =

Pe Qg are vecwrs of active and reactive po}er’gen!ratlnns. The o
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KLov' 59# By Begg G 0 By or Rt KLOQ Eqp» Eqo-» Bosc -
and B, —QBG for QL Y Thnse coefficients are again. functions of voltages,
impedances, phasa angles, and 1oad pattern etcy. of the netwnrk 1Rpga

and’ A, —QGG are square s,vlmnetrlc matrices, EPGG and EQGG are skm symetrlc !

o . matrices. - For. derivatinn of equaﬁuns (2.8) and (2.9) see appendix A;
AR " 2.2_FORMULATION

For the purpose of parameter estimation, ‘the mode1s ‘described =

above aré set up in a:format -suitable for computé} manipulation (35,3).
% MR &

The format is: i o % P ¢ o
Y=DXi e .

For the case of act{ve-reacﬂve mode‘l equatkm (2.10) 15 partlnned as J
¥ s 1 B

BN UPEE AN L « h
R N I " il

V represents the’ exper(mental valies of the dependent vav-!ahle, and
J( represents, the vector. of the coefficients to be estlmated The
e\ements of matrix D are combinations of active and/or nctive pawer
generatwns (as the case may be). The subscripts P and Q stand for
“ the active and_ rgac_tive components respentive'ly. In this- work the
active, a{nd reactive cofiponents are treated seperately.
To i"ustraté the use of equatfon (2.10) and equation (2.11),
for ;he wfws:v of parameter estimation for the nodels described above:




o 5 R 5 .y

consider a system 'oonsisting of two generaé|n§ units, the following' * :

. g gives. the fom\at exyress{on for each model, . - 1 . ¥ g

- - .21 THE SOHKCE"MDBELS

For. equation (2.10) we have for n experiments eacﬁ. o

+ M e a7 2
[etr Faag Toevovmmmmnies Fgg Tn o ey
3 “where Fsi ; 1s the fuel cost associated wlth the fth thernal gencrating
i % o wunit at the jth experiment and, ' gEw > 3k i g
<‘ : 2 ‘ & e 5 |
e ) [qm g veshrasdoionn n,,‘,,] v meeedesenn(2.13),
a @ 1 where Qnij is the war,er discharge rate associated with the Ith hydro
_generating unl_t at 'the Jﬁ;‘experiment , and, o
S : .
%= [“si b5y "si] , e FZ.M)
ge - . -‘vT oW . ) X g
%= [,,[” ey Wi e ; ...(2.18)

- are simply the parameters. to be estimated (these ard the parameters
associated ‘with the ith generating unit in'each case). The following

two matrices are defined: : o o




Dnin .
2 & » - & el
for the hydro. generation problem. Each of the submatrices is given by: -
A T 21 Ny
Deag® | 10 - Phsyy (H] B
I
-

where PGsl‘j 'is the a:tiv: puwer generaﬂnn of the {th thermal unlt

..(2.18)

. - at the jth exneriment. . ~

{’ v . g‘;i-':[m Pshij pGMJ] . '........’........(2.!9), g

" where. Penij s the activs power: generatlon nf the ith I\ydrn un'lt at

the jth experiment. 1-1,2,.... <etees, N, where n;is the numbgr of

- . i experiments.
% 52 Z‘Z THE NETWORK MODELS -

- The fonnat expmss'lons for the two nemork mde‘l are given

e below. ® e

A, THE_ACTIVE POMER LOSS MODEL : - 1

For this model with two- generating buses, " the format becones:

5 W
1?[?]_1 ol PL..] 73 sftsdinn i (00)




 where Byj = By

o

i’*["w bo B By By Bzz:]

L'}
L2
D=1|.. |,

5 .
s 4 ' ¢

vhere,

A D T : ;
=[1.o Pa P Pa 2 PairPez "sz] vsesddenses (2.8)

1,2,

‘veesl jithere n'is the mmber of experiments.
B, THE ACTIVE-REACTIVE POWER LOSS MODEL

Here the partioned form of equation (2.11) is employed, ‘the

format. for this mode1 becomes:
T

[ e
Y -Epu PL? L reees

Yo = [0y Og seemeneens
to = [Kop Fopr Eroz o1 Bz M1y Mz Moz

Bl s
PIZ] ,

: 30 = [Kmrr ey fre Fn. Fz PP A
H il *
- e . s 8y,




“host v Poigsheg L

where Aﬂj
e e |
Bpig = = Bpgt + Bqiy = Bygi .
and ,BP'H = qu‘ =:0.0
LSt !
b2 | -
& = 2 .
o
L ]
Zen -

where each of the submatrices 1s given by:

o 0 (bR
0 = [0 Poya-Pegs gy Qs (PRp#GGy ) 2Py PegtCi )

(2.29)

2 2 :
(Paz*Qgy) ». ~2(Pgy-QgpP z'°61)] .
for 1f1.é, ........... N, .v'ﬂérg n'is the numher of experimgi\ts.
The general case with m generating buses can be easily derived

from above,




(1)>" Weighted Least Squares.
! (#1) ' Linear Regressfon Algoritha.

CHAPTER 11T
" PARMGETER ESTIMATION TECHNIQUES .» -,
The parameter estimation techniques emloyed to estimte’ the
coefficients of the models described in-this chapterare :

(1“) Gauss-Newton Method or Burd A]garlt'-l
(iv)  Marquardt Algorithm.
(v) ' Powell.Regression Algordthm, 4
A descrtnun;l of each.of the five techniqises is given below .

(1) WEIGHTED LEAST SquRes
_ Consider the matrix equation given-in chapter two, which is

repeated-here for convenience,

& - iy

i<
i
>

o

veene(302)

LE 1s a weighting matrix.

mnlnﬂntion of 2 scahr. with r:spect tn a uctor 1s ubta'm !

g F L ...;...;.......(3.3)




A G

. 6
y P
7, & e .
Differentiating *J and equating to zero gives, ‘ i .
. T :
[0 WDIX=D.WY,
. b T . ‘ s
when the matrix [ D W .D.] has an inverse, then y
b AT . (S
X= [DWODIDHKY P covireenannni(3.6)

(i1) LINEAR REGRESSION ALGORITHM

Consider a nultivarlable linear fegression ‘equation of the

fom : e
PeRg el Ryt e B R0 b MRR00 L L))

g' is the dépendent variable and, -

A‘{ v 15 132,000 a0iey M, are the coefficients to be estimied,

F1 are functions :of the independent varl}hles )(J. with, !

3202, cdnKoand 121,2, M

The nethod fs based on minimizing the least squares objective

function s such that,

a2 X
( Y- V‘) is n.in1mum i YT

M3

n(3.8)
i=1 : :

Y; are the expeririental values of the' dep variable. .

Taking the parti}] derivatives of s with re’spe:t to A,

and equating to zero'we obtain -the following :

y s “a e |

oK ) *
[E.E:l

Y

>,
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AFpg = Fp) wheenis (Pt Fy) '

\(F?Zj ) oo (P o) \ eeni(3.10)
. . 5 ');

(Fip = Fp) vemnees (Frpy = ) -

T
)1y ....31) o &
\ :

(3.12) .

Yoand Fy ‘are the mean values.

A linear solution of the equations givesresults for the coeff-

; s dctents A, Ry to Ay, Ay 15 obtained Fron: e 4
' e TR et i

i = Yoz ohFy R )

i ’ =13 b A g i

For a perfect fit s woild'be zero and the ratic of : e
b ) "o -2 on =2 " A
) T (¥ -¥) 8T (YY) wouldequal to 1 ',
5 i1 T TRER 7

e

 (i11) GAUSS-NEWTON METHOD - BARD ALGORITHM (37) . . -

i
i The algorithn solves for parameters appearing:in a multi- s

H wvarfable non-linear régression model of the form :
o - Ve Ry X s Ayihye: Rds crveenen(3.28) :
E— % for n experimnt.q] points for V‘ and XK'{ »with, ;J:
¥ B N i - - ‘
I’ 0 JlGEF g - i
! i




1152, Gesmenzenine w3, KL 20 iivie
. The principle of the'method {5 to linearize the. function by

the use of 'faylor Series expansion about some initial "gues;es of the

c’nefﬂciénts. Neglecting higher order terms in the:expansion|results

in. the following : oout

M B

2 Wy e S

Yyety e = A+ 8hy(3.15)
Ry .

* represents that the derivatives are evaluted at the initial guesses:

where.

5 v
&y = [AJ--AJ-‘]. 3= 1’?"""""'"‘ : -
.A least squares:objective function is geneﬁmd such “that :

5=y “ 2 . <
se (Y = ¥y is mindnun ., sewsitiwsnli(3016)
-1 = s

Taking the partial derivatives of s with respect to ﬁj, 3

3% 1, 2, eeernsenenas M, and equating to zero we obtain the following

nomal equations : g 2 ¥ i

(3.17)

.(3.18)




s S et Sk s i

and

. Having obtained the Tinearized. form, the -1inear equations are
then solved 1 teratively'and convergence s reiched when AR and s

“neaes : zero, if not A fs updated and the process is repeated.

The method works well if good starting estimates are available..

(iv) MARQUARDT ALGORITHY (38]

The method 5. an extension to the: Gauss=Newton procedire
mentioned above and- can converge for poor starting estimates . Again
the algorithm solves for a‘ multivariable non-linear. regression model
of the form given in ‘equation (3.14) above. .

A least squares function is-formed and a modification to thz
normal equations is made by intraducing a factor. 1 as follows :-

[A A+ AL) 8k = ATYaFT 0 cierne(319)
I:1s a-unit matrix, A is a; facn?r 1ntro’duced Anto. the main diagonal .
of the matrix AT A . If A -approaches a large value the method redices
“ ' to that of the Steepest Descent. If hnneyer'l approaches zero the

[
.




method reduces to the Gauss-Newton procedure.

(v) POHELL REGRESSION ALGIRITHM [] i ’ /.

:I'he algorithm solves for the‘. cnelfficients in the lvy!tivari‘ahl:
non-linear regression equation (3,14) given above. The method is a
modification of Gauss-r{euénn technique to reduce the labour invol\;ed
in solving t;:é linear equations-at each 1terat1m; Basically the
Teast Squares ‘function “is modified by 1ntroducing n—l"lnﬂearly 1m{eben-
dent direction vectors .- “An initial guess’ is, selected and an fiftial
set of directions vector components M” (1— L2 iy, M3 1,2,
sl are selected parallel to the co-ordinate axes such' that @
- (B [ 0, yepessgevaansy 0,

»01

. o ‘ . ; : ®
K% L0 O By covmssnivanvnd T o
. The systen-matrix is- inverted. using -an iterative schene and
all derivatives are approximated l;y Vﬂnite differences. . 3
The normal equations are given by :

T T P
[AA] AA=A [Y=V] ., ) A—— ) R

-
>

are-set up and solved -for ‘A A , 2 new direction vector is then caleul<
ated using A4 A with compnnents given by :
.

eewennne(3.21)

* "
”|.nen'°A/[ zlnA] B g




S
1
i

e dimsional search is then carrled out using. the fa'llw-

ifg cnrrectar fomula s o &

A‘(‘HEN)E A'(u!d) + Sy new: '.‘“.“.T“‘""-(YJ.Z,Z)
S fs the distance moved in ‘M tﬂl"ectia;l when the one dimensional
minimim i$ reached and .convergehce occurs, . the computation is termf-
nated. If'not, one of - the old direction vectors is np]aced by.a e

one, the reﬂaced vector will have an-index of :

| I:i M‘ |~ that is maximum v‘:here i=1,'2

v b

b: = element of A[V—V] / e

o
AZ\ are elenents of. AA .
| i

- The normal equations are now updated with respect to the new.

direction, the pror.edure s repeated untdl convergen:e 15 reached.

It should be noted that for equations of the tyre we are
interested in, all the methods (except Linear Regression). should

give identital. results..
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w CHAPTER TV

DATA' PREPARATION PROCEDURES, PARAMETER
ESTIMATXON ALGORITHMS AND RESULTS

. In, this® :hapter. pmcﬂras for obtaining the data rzquired
for model gar:ameter estimation are qlven. Ne also out”ne the para- 2T

meter esumation‘ algorithms and the resul v.s obtat ned

" 4.1 DATA FOR GENEMTION SOURCES

For the chemal generacvon clse. a smple unit with capaclty-
of 50 MW was chosen and pra:t.lcal data re'laﬂng the fuel cost to .
active pwer generatlons were selected (9). The three types of fuel
(Cgaj 011 and Tas) ‘are considered. The data are given in table(4.1)s
7 For the hydro generation subsystem model, the pracéical dsta
- chiosen are given in table (4.2). Theia/ge’late/t/f;; vater discharge

rate ‘to active power gene_u/t-l_nns/fé;/u hydro plant in a Canadian

utility system (40)—7 . .
4.2 DA ARATION FOR THE NETWORK TEST SiSIEHS

- Thne test systems are mplayed in our york and are:
(H The 5 Bus Test System. 0
(i) The Anerican Electric Power-Service Carpnrat'lcn (A.E.P)'14 and
-30 Bus Test Systems.
Detaﬂed description of each system 1s given in appendix B.
The required data for both netvork models  (active *and/or
active-ﬁacﬂve)-for parameter estimation purposes were obtained by

4
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TABLE (4.2)

i .

s % Pen %P

e G
70.00 5,871 '135'.00‘ 15,32 290.00 23.60
80.00, 6.570 - 190.00 15,68 295,00 24.01
85.00 16,972 “195.00 16.19 300.00 24.44

90.00, 7.375 200.00 16.50 305.00 24.86

95,00 7.79 205.00 16.83 310.00 25.59;

100,0 8.074 "210.00 17.18 315.00 25.73
105.0 °9.810 215,00 . 17:55° 320.00. 26.16
110:010,02 220,00 ‘17,94 325,00 25,94
115:0 1025 225.00° 18.34 " 330,00. 27.35
120,0 ':9‘.9"10. 230,00 18.75 33.00. 27.76 -
1300 10.61¢ 235.00 19.16 340.00 28,07
15530"1;.o1~ 240,00 19.58 345.00 28,40

©140.0 71136 205.00 20.00 350.00 28.78

145.0. 11.76' 250,00 20.43' 355.00 - 29,16

150.0 . 12,39 28500 20.85 -360.00 29.55

1‘55.0_ 12.51 '260.00" 21.22 "365.00 29.96 -

160.0- 112,91 265.00 - 21.59 370.00 30,37 _

165,0° 13.32 %70.00 *21,98 - 375,00 30.79

" 170.0 13.69- 275.00, 22.38 . 380.00 . 31,22 .

175.0 . 14.16. 280,00 22.78, 385.00- 31:67
180.0° 14.97 285.00 23.19.390.00 - 32.12°
" Pg, is in i and Q s.in MCF/hr. .

’ . TYPICAL liVDRO GENERATION DATA

Peh

& Py

Ry

395,00 32,58 500.00 41.34

400.00
405.00
410.00
415.00
420.00
425.00
430,00
435.00°
440.00
445,00
45000,
455,00

'460.00

465.00°
470,00
475,00

180.00

185.00 .
490.00::-
495.00..

33.05 505.00
33.32, 510.00

33.72 515.00

41.80
42.26
2.74

34,13 520.00 43.22 - -

3455 525.00
3697 530.00
35.40 535.00
35.84 540.00
36,28 545.00
36.73 559_.00'
37.19 58500
3765 560.00
38.12 565,00

38.60 570,00

39.08 575,00
39.19 580.00
39.60 $85.00
40.02 - 590.00
40,45 595.00
40.89 600,00

43.71
44,21
48,72

“45.24
577,

46.32
46.88
w47
48,07
48,67
49.30
49.95
50.62
51,62
5197
52.68

a




and minimizes the round'offerror. -

;sﬂccessive1y soivtng the load flow equations associated with each ;

test system for a number of times depending.on the number of ‘the
unknown coefficients to be gtimated. This we treat next,.but first
we g_i\ie ‘a brief description-of the: Toad flow algorithm used to obtain

the necessary data..

THE_LOAD FLOW SOLUTION ALGORITHM
e — e

+ The load flow solution algorithm (41,42), used hére solves . ;

for bus vlﬂ{a‘ées. and line flows for ihe system under consideration

x [ . o
'h:_iving‘certaj(n Joading pattern.- The algorithm employs the method of

Newtori-Raphson -and uses a matrix inversion scheme ‘such that the.
Jacobian sparse matrix is ex’pressaﬂ}s a product of 'sparse matrix ¢
factors using the Gaussian ordered triangular decomposition (43-45).

This ue-offers the a of 1 speed, storage

iI'HE I;OAD FLOW_EXPERIMENTS

The number of times the 1oad flow equations were solved for
each test system are given"belw.- is dépends on the’ number of
parameters ‘to be estimated. Basically the number of experiments or

data points. and hence'.the number of resulting ‘equations should exceed

the number of unknown parameters, so that an overdetermined situation. .

is created for the application. of the five pa‘nﬁ\eter estimation
téchnidues discussed earlder. 'From the Toad flow results, Sets of
the total system active and reactive power losses and the sysfem

active and ‘re_active power ‘generations are recorded for each systes; -




o

4,3 THE_ELECTRIC NETWORK TEST SYSTEMS E e
g e e E

\( The.5 and 14 Bus networks are shown in figures (4.1) an/d‘ (4.2)
respectively. Bch networks have two generating buses, with the 5 Bus
system.containing- one voltage regulated bus and the 14 Bus test
‘systemvthi-ee'va‘ltage regulated hﬁses. §‘lnce> both systems contain only

two generating buses, the number of ’pa‘rn’meters to be estimated are 6

for the B-coefficient model and 9 for the active-reactive power loss -

model respectively. The load flow equations. for these éystans were sol-

\;ed for 7) experiments each, by changing the active povier generations. !
Resuli:s ‘are‘given in tables (4.3) and .(4.4) respectively. ;
The Detwork f‘ar the 30 Bus ‘test system is shown in ﬁguré

(4:3). - This tés’t system' contains three generating buses and four _

_vu]tage regulated buses. Thé number of :neffjcients ‘to be estimated

is 10.‘for the B-coefficient model and 16 for the| active-reactive

power 1oss model. In this case 40 experiments wev‘:e carried out,
- again by :!\anging the active power generations. The load flow results

for this system are given 1n'tai>l!,(4.5). It shuuA1d be noted that

the generating bus number 13 is given number 3 for convenience for

the purpose of ‘parameter estimation and the optim{zation‘prucgdure.

4.4 THE PARAMETER ESTIMATION ALGORITHMS

Having obtained sufﬂ‘c{enc data for each m’ode'l (subsystem)
as descr"iher‘i above, computer programs for the five parameter estima-
tion techniques were d_éveloped- .f?r our_purposes and the .piramet‘rs
of each model estimated, The Gauss-Newton or Bard, Marquardt and '

J i
Powell Reguss(on algorithms are based on Newton-Raphson method of
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NipsER
i

1.7

o 2

zlfznmmr Py

m
4.77
3.49
5.52
3.33

6.18

5.9
- 5.73
by 3.08
5.32
5.13

391

4.16
3.68
3.40

6.27 -

4.45
‘4.95

3.13 .

3.81

6.38 -

,,' ql_

MVAR

~16.15"

~20.37
-13.75
-20.91
=11,66
-12.38
-13.08

.-21.86
-14.39 -
-15.00
-18.98°

-18.14

-19.72,
-20.72 -

-11.37
-17.20
~15.59
21,68

T =20.65
~11.03

a
TABLE (4.3)
5 BUS TEST SYSTEM
LOAD FLO RESULTS
fa %1 P %

M " MVAR "w MVAR
12063 26.35 - 40:00 -2.51
© 78,65 .23.63 . 90.00." -4,00
10,46 - 2801 < 20,00 -1.75
68.51  23.36. 100,00° -4.27
165,16~ 20350 5.0 ,-1.15
160,91 28,98 10.00 - -1,3
“155.69  28.48 15,00 - -1.55
48,08 20,38 120,00 -2.23
145.24 2.5 2500 -1.95
140.03 . 27.14 30,00 -2,14
99.02 26,88 70,00 <3.41
108,93 25.07. 7 60.00. -3.21
83.82 2000 80,00 -3.72
24,15 29.61." -145,00 3.49
168.26 2971 3.00 - -1.07
119.27 25.67 50,00 -2.88
134,83 26.74  35.00 -2.33
53.13 20,83 11500 -2.50
77 2348 95,00 -4.13
V062 29.95 0.5 0.9

“ . ) 30 ..




, 6.3
B 4.305»
3.28
3.79-
3.58
3.2r
4.61
3.08
4.03
oA

TABLE (4.3) CONT.

.14
-17.69
-21.08
-19.36/
-20.06
-21.36

- =16.69

=22.02

. -18.57
el

169.83
114,09

+33.74

d 93.91
83.73
58.40

124,45
43,04

104,14

322 ¢

29.87
< 25.37

- .28.88

2.20
23.81
.17
* 26,00
19.93
2469

32.07

1.50
55.00
135.00
75.00
85.00
110,00 ,
45.00 3

125.00

65.00
140,00,

-1.01
-3.05
-1L.19
-3.56

-3.86"
-4.54

-2.69

1,95

-3.26
30.56

31




 EXPERINENT
NUNBER

By

M

14.02
15.87

+12.05

15,71
15.28

- 11,19

.23

14.98

13.88
13.55

C1.3e
© 9.68
- 12,89

11.05

13.19

12:59
12.32
11.92
12.24

11,45

CTABLE (4.4)

A.E.P 14'BUS TEST SYSTEM
" LOAD FLOM RESILTS

! Par . Oy
MVAR L] VAR
30.12° 232,94 133
'36.50 . .264.89  7.09
23.41 19286 -0.49
35,96 26174 6.38
34.43° 255.28  4.96
20.62 169.74 5.33
080 24 LT3
340 24999 3.83
29.64 230,78 | - 1.32
2852 224,43 0,9
205 17 4.3
1.3 1872 -16.08

T 26,26 211,11 0.24

1945 167:06 1078
27,20 21735 0.5
25,27 200,88 -0.04
2432 19867 -0.28
22,97 718037 -0.59

TR TN )
21460 '197.00  3.61

"

40.00

10.00
78.00
13.00
19.00
100.00
36.00
24.00
42,00
+48.00
96.00
150.00
60.00
103.00
54,00
66.00
72,00
81.00
87.00

93.00

%2

MVAR

50,00 °

50.00
50.00
50.00
50.00

Jan21

50.00
50,00

50.00,

50.00.

42.67

50,00

50,00

29.72

50,00 . .

50.00

50,00

'50.00
=
50.00
43.76




10.95
-10.74

10.84

10.23 -
1048 -

10.13
9.82
10.02
10.60 .
12.26

TABLE (4,4) CONT.

19.11
18,35

18,73

16.45
17.39
16.07‘
14.89
15.66

17.81,

24.43

163,96

157.75.
160.85

141.26
149.50

. 137,15

126.85
133.05

153.62 -

181.86

1103

S-11.83
<1183

7=13.95"

-12.84
<14.25
~15.50
-14.68
=12.51

an’

106,00
12,00

,109.00
128.00
120.00
132.00"
144,00
136.00
116,00

90.00°

50.00
50.00
50.00

49.77
50,00,
50,00

50.00
50.00
9,74

. 50,00




%

EXPERIMENT
NUMBER
1

2
‘3
4.
6
7
8
9

"L

Md
16.74
14,56
11.46

“14.48
11.62;

18:62
14.20
11.99
14.16
18.29
1.8
17.84

14,34 °

12.37
17.24

w2

1.4
18.10
16.79
14.08

* MWAR
33.45
22.40
12.93

22.12 .

13.47
40.81
21.27
14.76

21.20,

39.45
14,10
37.74
22,02
16.22
35.58
21.67
12.83
37.99
33.60
21,55

" TABLE (4.5)

ALE.P 30 BUS TEST

SYSTEM

LOAD FLOW RESULTS

¥
MW MUAR
250,19 -19.91
233.51 -22.53

159.61  3.68
231,67 (21,99
16386 . Z:82

276,07 -23.94
225.89 -20.45
171.38 2,65,
22436 -19.81

27191 23,39

167.42 2.713
265,55 -22.34
225.26 -—i9.21
178.49. ' 265
256,69 =-20.79
222,08 -18:35
163.35 2.87
201,77 -24.07
250.99 -20.09
217.51 --16.80

a1 Y.

Pe
"
10.00

5.00

85

8.25
82.50
23.50
16.75
78.00
21,25
25,75
80.25
30.25
28,00

1575

37.00
32.50
73.50
21.25
39:25
21,50

O52 o3 .

MVAR ~ MW
38.39 10,00

34.16 59.50-

5,07 50.50

33.26 58.00

-3.79 " 49.00
48.85° 2.50
30.69 55.00
-3.12 46,00
29,80 52.00
47.11 - 4.00
-3.44 47,50
48,58 5,50
29,51 44.50
-2,46 41,50
41,03 '7.00
28.16 43,00
-4.26 58.00
46.87  8.50
38.70 10,00
26.17..38.50

34

%3
HAR
50.00
50.00
49.97
50.00

.50.00 . .

50.00 z :
50,00
50.00
50.00
50.00
50.00

- 50,00

49.97

50.00

59,00
50.00
50,00 . °

~50.00

50.00
50.00




TABLE. (3,5) CONT.

18.18 188.03  2.60 71.50 -1.52 °37.00 50.00

2 1541 2846 a7z a0s 6975 '3.52 11,50 50.00

23 10.9 25,41 228.14 -17.61 43.75 29.78 26.50 50.00

2% 1539 2772 2315 -17.30 48.25 31,07 19.00 .49.97 ¥

25 - 1374 - 2106 206.31  2.17 -55.25 - 0.23 35.50 49,98

26 1510 26,23 229.05 -17.40 46.00 30,09 23.50 50,00 .
b tE 27 w5 s 260.38 2.5 23l 4598 850 50.00 '
28 1150 1300 165.66  2.66. 69.75 <393 59.50 50.00
29 1018 2123 28512 -20.14 19,00 3020 53.50 50:00
T30 10250 9.30 132.61 3.1 90.50 -5.61 .70.56 50.00
.31 1347, 430 95,35 -5.25 84.20 50.00
32 9.9 8.0 122.62 4.37 100,25 -6,38 70.53 50.00.
337 902 6i6 8478 6.44-120.30 e 87.35 50,00
[ 34 9.2  5.92 .87.43 7.28115.45 -9.05 69.80 50.00
A 3 9.0 7.5 103,69, 5.08 105,37 -6.01 83‘\.7‘5 49.99
o 36 11.64 16,69 174.21. -11.67 20,85 _19.14°100.00 '50.00
‘ 37 10.33. 12.23 138,28 -2.45 58,75 -1.31 96.70 49.99
13 e68 562 5804 89112500 -8,17 88,95 50,00
© 3900 10,59 13.51 150.66  3.28 90.57 --4.13 44.75.50,00
" I . 40 9.13 7,39 -9.77 572 110,32 -5.75 90,45 50,00 .




" iteration, and.for these algorithms starﬂﬁg estimates must be
(available for solution.. The results obtained from the method of
Weighted Leag’t Squares were used for f.hls purpose. !

Lo {‘he case of Weighted Least Squares. the elements of the T
we‘lghﬂng matiix W (diagonal matrlx) were selected on the basis of .

the errors between. the observed and.the computed values of the s

" dependent vqriah'le. in our case-the dependent varhkﬂe 1s eithér the - .-

¥ ) total active or reactive pover Toss of the system (the :ost functions
2 in the case of source models). " Weightings were given for points that
’ gave minlmm error. in’the course-of manipulaﬁons.

Thasoverall rror iy each estimation pr\acdure was calculated

from the foﬂawing. . co .
i A ETARE os 4 '

By = e | ...,..J‘..;....(u.l) J
j b Sl @

where Eg s the overali errar, 5 s the ervor between the observed
‘and :nmputed values of the dependent variable at experiment i, Y o is

. the uhsewed value of the dependent varfable at experimene 1 and nis
B the numbgr of experinents. % 5o :
) In the case of the actlve-reactive pover !oss mod!l. ‘the real
i .. 2 and reactive parts were treated separnely.

Results of the appHuﬂnn of the five parameter estimation
techniques to our pwar system mdols are ubulam in the fnllwlng
pages, as follows: ' ! i
" 1- The ‘thermal generation model (Coal,’ 01} and Gas) tables (4.6) to.
(. 8) ,




2- The hydro generaﬂon model- table (4.9). 3

3- The B-Coefﬂcl:nt model for the 5, 14 and 30! pus test systins-
tables (4.11) to - (4. 13)

" 4% The act've-reaCt've poner )nss model for“the 5, 14 lnd 30 Bus test

systens - tables (4.14) to (4.19). '

timated parameters of the B-Coefficient and the'active-reactive
madels;/for ‘the three test systen\é are in per unit on ‘100 HVA base. .
N : i, o .

Rl




Para-

* JABLE (4.6)

50 MH. UNIT -THERMAL GENERATION (coAL)

Weighted ‘Liﬁear Gausss Marquirgt Powell
meter Least Regression Hewton = ; " Regression
. Squares § < g
W=l |
ag . -09112E+02  ,49918E+02 .4 .49872E:
:. 10109E+02 - .10064E+02 - .10066E+02 .10065E402  ,10069E+02
z s - s
Yg = -98230E-02. .10310E-01 -10276E-01- .10291E-01 .10216€-01
E,, . -23090E-02 .264R0E-02 .2630E-02 .26440E-02° .26390E-02
W1 = diag (2.0, 1.0, 2:0, 1.0, 2.0) 2
[t - . oo CTMBLE(4) ‘
oy T 50 MH UNIT THERMAL GENERATION (OIL)
. Para- " Weighted  Linear * Gauss= . Marquapdt- ~ Powell ‘-~
., meter Least = - Regression Newton Regression kL
f Squares » = : —
W= W2
+52022E+02 .52855@2 .52945E€02 . .52795E402 . 52635E+02
. 105156402 ,10471E402° 10465E402 ,10476E+02  .104B9E+02
.11138E-01  .11570E-01 . LlGSiE-Dl .11492€-01 ~ .11287E-01
Eoy J245106-02 * .27830E-02  .28110E-02 .é767DE-Q2 +27670E-02

£ M2 = diag (2.0, 1.0, 2.0, 1.0, 2.0)




; : )
S \
> TLE:
50 M- UNIT THERMAL GENERATION (6AS) ' ”
Para-. Mefghted ,  Linear Gauss- . Marquardt -Povell
meter. Least Regression Newton Regression
4 - Squares . B : '
We W3 4
i
Soagl | W52 H A . .
RERRT I (417 A foz . : 3
i « " 3 e
g -lUI3E-01 .116486-01 , 115BIE-01 .116206-01 .1J650E-01
728460E-02

By, <20920E-02  .28470E-02° .27920E-02 .28420E-02
4 W8 = dag(2.0, 1.0, 2.0,1.0, 2.0) )

i i

TABLE (4.9)
. OTHE HYDRO GENERATION MODEL
¢ Para-.  Weighted . Linear Gauss- " Marquardt
meter Least . - Regression.  :2Newton -
Squares, H . .
Ve W4 : .
e lIOBES0L L10997E401 WO - . .10986EH0L
"B, .71976E-01 ' .7I90SE-O1 . CONVERGENCE. .71907E-01
Uy, 20092E-04- - .20049E-04 +20047€-04
E,,  <147S0E-0L. .14740E-01 © L .14740E-01

" WA =T Unit matrix : ¥ .

powell
Regression

.11020E+01

.71884E-01
o 20976E-ﬂ4
.14750E-01




"t UHIT SIZE™
(i)
50.0
2000

' 400.0

- 600.0
800.0

1200.0,

49.92

* 173.61

360,84

462.28

coaL

B

5\
10.06
8.67
8.14
8.28

75139/ 7.8

1130.80

7.47

TABLE (4.10) V

TYPICAL COST COEFFICIENTS
2 b

2
0103
.0023
<0015
000853
.00099
.00067

p
a

;52,87
180,68
312,35
283,44
793.22 °

"1194.60

OIL

B ¥ a

. 10,470 01160 ) 53.62

9.030. 00238 182,62
Cas2 © .o0sn 36.ss,
8.65 00055 490.02
7.7 .00107 . 824,40
L 7.22 00072 1240.32

.01170

© 00235
00150 .

00059
-.00117

00078
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Para-
meter

5 ©
v » .
S , TABLE @#.12) ° .
A.E.P 14 BUS TEST™SYSTEM B-COEFFICIENT MODEL
7 'an/vgérgks
“Weighted  Linear Gauss- ' Marquardt ' -Powell
|Least . -Regression Newton Regression
Squares > .
Ve W6 .
373400 -L9GIZEH00 - AZLAEHDD  £,AB3IENN ° -.IRIEHO0
JGSEF00 LAJGEFO0 2460400 ,2924EH0  3541EH00
-.H9E400  .OISEF00  -.3569E400  .-,3110600 -.3088E+0D
5625601 -.O780E-02 - -,1221E01  «,2094E-01 -S674E-01
OME-OL OME-O1 LBBRTEOL  BOZZEDL .TOJE-O1
LZIS0EH0 ~.79E-01 2053600, .I967EH0D  ZI60F+00,
MSEIE-02 ISMIE-02 . 4796612 ATBAENRZ - MB9SE-02
! :
W6 = Unit natrix.," . ‘ (e ;
s
. ¥




e s R

o © AP 30

‘para- . Weighted

meter. Least

_ Squares

We' W7

£ .
i KLO -'.55625-01
’ Bm b +9446E-01
= BZQ'," .6665E-01
/ BM +1609E400 *

Bl 1 " 2870E-02
) BIZ =.9380E-02

% _Byy -.32206-01
| [Bgp . =.1122£-02
! Bys 3051601
; " Byy -:2663-01
| 2 Eyy  +151302
i & . N
| W7 = Unit matrix
! v
i< % &

TABLE (4.13)

BUS_TEST SYSTEM B~COEFFICIENT MODEL -

PARAMETERS
sy s Mg
.
L3MTEND -,3039E-01 - -.1607E+00
LIBOAE-01  .8532E-011 .10B8EH0
-J66S0E400 | S920E-01 ;32806400
(3561E400  [1191E+00  .1128E-01
- 2165601 -.2596E-02° .38AIE02
\7930E-01 -.9463E-02  -,4312E-01
-OBTIE01  ~L2666E-01 . + 2527E-02
.20478400.  -.1598E-02  -.7905€-01
LAS71E-01 . -,2501E-01  ~,3761E-01
- 14186400 -, 1495E-01, .380BE-01
(236302 M0E-02 1220602

43

Powel]
Regression

-.5562E-01

.9446E-01
- .6665E-01

-+ 1609E+00
-.2869E-02
~.9380E-02
-.3220E-01
-.1122E-02
-.3051E-01
~-.2662E-01

.1513E-02_




TABLE (4.14)

5 BUS TEST SYSTEM ACTIVE-REACTIVE MODEL
ACTIVE COMPONENT PARAMETERS e

Heighted

Para- Linear Gauss- Marquardt Powell
meter least Regressfon  “Newton _ Regression
; Squares / o ~
H He W
. ‘ Kop  -6698E-01 -5190E-02  .5354£-01 .5785E-01 +6629E-01 e
; Eppy + =-3013E-01 " .1095E-01., -.22726-01 ~-,2890€-01  -,2957E-01
| EPPZ -.4894E=01 .-.5165E~02 . -,4831E-01  -,5020E-01  -.4926E-01
‘ fpm <3069E-01 " .3512E-01  .2463E-01 +2230E-01 »3068E-01 W
EPQ%/\,}GBSE-OX <2101E-01°  .1539E-01 s1534E-01 .1805E-01
5 Aoy -1316E-01 . ..4787E-02  .1398E-01 J1629E-01  .1307E-01
{v LY L6BGIE-02 . LBJ0E-03  .9315(-02- . ,1025E-01 J034E-02
? Appp - +1452E-01 . 1‘039E-01 +1901E-01 .1862E-01 J1496E-01
| b %
i Bpp —-2270E-02 ° -.3391E-02 -.7128E-03  -.2103(-03  -.2280E-02
Eoy .5030E-03 . .6012E-03, 4 .49726-03 4833E-03 5062E-03

W8 = dian(Z.O,Z.II.Z.O,Z.U.Z;0.4.0.2.h,“2,0.Z.O.h.0.4.ﬂ.2.0.2.0.4.0-

4 . - l
-2,0,2.0,2.0,2.0,2.0,2.0,2.0,2.0,2.0,2.0,2.0,1.0,2.0,2.0, «/

- 2.0,4.0) " .




Para-
meter

Koq
Eop1
Eqp2
Fgo1
fqe2
A

iz

Aq22

2.

Fov

TABLE~ (4.15)

- 5 BUS’TEST SVSTEM ACTIVE-REACTIVE Mﬂl]EL
REACTIVE COMPONENT PARAMETERS

45

.-Weighted - Linear Gass- Marquardt

SCLi::'s_:s. . Regression Newton Regres;lun
L .

-.1761E+00 -.254‘}5"!30 =.1774E400  -.2220E+00° * -.1760F+00

. .5130[-0? .5459E-01 .5149E-02 . ,1363£-01 .. ,5126E-02

--129,0!5,1‘0” =.8117E-01 .~.1259E#ﬂﬂ S 1004E400 * -;1291E+00
.15'5453'0;1 - J1366E400 - .1590E+00 . .1257E400 < .1565E400
.6423E‘—Dl +6510E-01 .6594E-01 .. ,6283E-01  ,6427E-01
(026E-02  27E-02  LA9026-02  L1737E-01  L4O2SE-02
J7991E-02° [.J321E-02 . .7669E-02 = .1407E-01" 7998E-02
+5294E-01 J5244E-01 .51575-01‘ .5250E-01  ,5295E-01. -

-;1394E-01 =.8510E-02 —.123.4E-Dl - =.6422E-02 -‘.139‘5-01 .
.2373E-03 .2074E-03 .2642E-03 . . 1"323!-03

Powell

423905-03

d|ag(201020101010l010201010101010,
P

[1.0,10,2.0,1.0,1.0,1.0,1.0,1.0, 1.0, 0,901010.40,‘
,10.90),




. a6
| -
TABLE (4.16)
A.E.P 14 BUS TEST SYSTEM ACTIVE-REACTIVE MODEL
p ACTIVE COMPONENT PARAMETERS
Para- * Weighted  Linear - Gauss- Marquerdt  Powell
meter. Least' ' Regression Newton Regression
Squares f
W= W10 : i - T

KtOP -.5749[:-01 ~.9315E+01 - -, 1380E+00  ~,60556-01 -,6222E-01
Eppy  (2566E-01  .GAI3E401 ' .7631E-01  ,1124E-01  .2740E-01
[PPZ <,3734E+00 - 55735#61 ~-.3580E400  ~,3B97E+00 T 37’ 11E+00
By --0026E-02 . .LN6E+01 -.83ME-03 °-.1580E-01 -,66RIE-02
Epgp =.ZB1EA0D.  .GIS1EX00 -. 27826400 ~,2578E400. -.24B1E+00
APll .1876E-01 ~-.1101E+01 - 1087E-01 +2492E-01 .lﬂvﬁB_E-Dl
Ty BE-OL -.GNMER0D - LOOMEDL  LO7ISEOL S0dSE-01
AFZZ ‘.1687E400 = .8162E+0I)* ~17516400 S1753E400 . 16B4E+00
Bprp =30SLE-01 ~.24726-02 -.35S0E-OL . +,30256-01 -,3070E-01

E‘w 1529E-02 «4274E-02 .1217e-02 ;1142[-02 J1471E-02

W0 = diag(2.0,2.0,2.0,2.0,2.0,2.0,2.0,9.0,4.0,4.0,4.0,2.0,2.0,2.0,
' 1.0,2.0,2.0,2.0,4.0,2.0,2.0,2.0,2.0,16.0,2.0,9.0,8.0,2.0,

& 4.0,4.0) ]

® .




" Para-

meter

PRI T

Aqu

iz

Agze

Boiz

P E
ov

TRBLE (4.17—)

A E.P 14 BUS TEST SYSTEM ACTIVE-REACTIVE. MODEL
REAC'IIVE COMPONENT PARAMETERS

wnthed Linear Gauss-
. Least Regression Hewton
Squares

WeWIL
-, 1598E$01 -.4035E+02 \-fusmm
L6303E+00  .2767E+02  .5948E+00
.5500E-01  .24BEF02. - .2815E00
J069EH00  (S775E01  .I643E+00
-.3182E400  .3144E+01  <.5282E+400
L2307E-01 ,-.4730:«51 =.7551€-03
\I389E400 "-.AT7ZE01 - 1562£400
.2682E+00 -,373BE+01 - .3253E+0D
-.5227€-0] -, 1060601 -,9427E<01
\3179E-02 - .9173E-02  .3320E-02

Marquardt ‘

- 9995E+00
.6445E+00
=.1219E401
7628400
=.1223E401

" -.6505E-01
.2935E400 .

L6527E400
~.1860E+00
.3291E-02

Powell
Regression

15986401
6303400
-.55B7E-01
L1075E+00
-~31B1E400
J2306E-01
L1359E400

26836400

=.5222€-01
3164E-02

Wil = diag(4.0,4.0,4.0,4.0,4.0,4.0,4.0,16.0,4.0,4.0,16.0,4.0,4.0,

4.0,4.0,16.0,4.0,4:0,16.0,4.0,4.0,4.0,4.0,16.0,4.0,16.0,
4.0,16.0,16.0,4.0)

a7




L Epg2

TABLE (4.18)
i

A.E.P30 BUS. TEST. SYSTEM ACTIVE-REACTIVE MODEL
ACTIVE' COMPONENT PARAMETERS

Para- Weighted
meter Least
N Squares
W=W12
KLOP +2491E-01 -

Eppy +2218E-01
Eppy +3626E-01
Epps - =+2006E-01
EPQl =.2270E-01
~.3497E-01
CEpgy  -7366E-01

Aony .7807E-02

By -o62336-02°
Apyy * --4826E-02.

Apgp - =45200E-02
Apgy  =-TLITE-02
Apgz.  +2895E-01
Bpyp  =<2330E-02
Bpyz  =.1849E-02
Bpyy - «2970E-02

E gy . <1864E-03

Aovs s
Wi2 = Unit matrix

Linear
Regression

. 2309E-01
.4889E-01
.2092E-01
g .735_6:-01
.5898E-01
. 1565E-01
-.8A05E-02
~.2016E-02
~.6595E-02
-.2090E-01
-4670E-02_
-.1510E-01
-:7642E-02
-.6066E-02
-.723%-02
-, 1989E-02
| .31746-03

Gauss-
Newton

.2091E-01
.2218E-01
.3626E-01
-.2806E-01
#=,22706-01
-.3497E-01
.7365E-01
.7806E-02
=.6232E-02¢
~.8825E-02
~.5200E-02
= 7116E-02
- 12895€-01
-.2330-02
-.1849E-02
.2970E-02'
.1859E-03

Marquardt

.2707E<01
.2155E-01
3670E-01
-.2007E-01
649702
- 9039E-02
L6433E-01
.T706E-02
- .5934E-02
-.4083E-02
-.5510E-02
- 7518E-02
.2303E-01
-.4855E-02
- 208702
.1347E-02
.1459E-03

Powel1
Regression *

L2091E-01
L2219E-01
L3626E-01

- 2805E-01

- b0l

- . 3498E-01
.7366E-01
JT806E-02

- .6230E-02

- .4826E-02

- J200E<02

-7I17E-02
L2895E-01

- . 2330E-02-

- 1650E-02
L2971E-02
A1856E-03




PRSI

‘Para

meter
Koy
£

)

Pz

~ Q12

“Bai
Bozs

Eov

QL

TABLE (4,19)

AE.P 30 BUS TEST SYSTEM ACTIVE-REACTIVE- MODEL
.. REACTIVE COMPONENT PARAMETERS )

Welghted
Least

- L2362E+400
L 2295E+00
L1261E+00

+ =.5029E=01"

J4046E+00
\2I9TE+00

L9303E=01 |

L 1474E~01

- 39115-0[
- .4525E~01
=, 1254E-01

Jngee-01

A621E+00

J2319E-02
-.8329E=-02
=.8130E-02.

35608E-03

Linear
Regression

. «2985E+00
-.1463E-01

.1401E+00
-.4563+00

-1 22816400

-.14556+00
-.57456400
4828601
-.2153-01,
1314601
-/4299E-01
-.1678E-01
.3434E+00
.1267E-01
-.3577£-01
-.2345-01
62246:03

Gauss-
Newton'

© ~.26126400

.2208E+00
12326400

302601
28436400

1836400
13486400
-,1236E-01
-.2900£:01
£.5286£.01
=.8030E-02
=,4191E-01
17186400
18606-02
-.Bl(ME-lﬂZ
-.5281E-02
.3399E-03

Narquardt ;

- 22BAEHD
" 22080

.6520E-01
<. 2863E-01
{2949E400
L1944E400
J1439E400
-.1382E-01
-.2212E-01
- 5696E-01
J1094E-02
~3713E-01
J1629E+00
J1296E-02
-.8200E-02
- S197E-02
J2995E-03

e

Powell
Regression

~ 2359400 .
2926400
+1263E400

- EhSBE-m
LA0SBE+00
J2810E400,,
.93145'L6i :

—0%E-0

- 012E-01

. 4512E-01
S I9E-01
—.AT7E-01
. lsﬁEﬂm
L23BE=02 -
- .8353E-02
- .8709E-02
LSS19E-03

e diag(l.0,2.0,1.0.4.0,1‘.0;4.0.1‘.0,2.9.2.0.1.0,2.ﬂ.4.n.l.ﬂ.l.o,

1,0,1.0,.0,1.0,1.0,2.0,1.0,1.0,120,18, 1.0,
2,0,1.0,1.0,4.0,4.0,1.0,4.0,1.0,1.0

0,1.0,1.0,




_optimun dctive and/or active-reactive pwer generaﬂons of a power

.0 ’ F

CHAPTER V

"_OPTIMIM ACTIVE AND ACTIVE-REACTIVE - R sl
POKER ALLOCI\TIONS "

This chapter fs divided into three uctieus,Jet—ﬂon—m s
. devoted to' the description of ‘the nlgoriﬂm used to a‘l1ocate the

system. This ve Tp\'({ta our three test. sysums. Secrlun mo involves
the inplementition! of the obtdined optimum jwers into the respective L.

. orfginal netorks” and the 1oad flow equations are solved ‘to study their

inpact on the network performance. “The final section is ah extension
o the first in that fnstead of carrying out the ‘optinization. procedure
for one set of loading patterns the procedure is performed for a range
of 'loading pamrns recording the optimal strategy 1» each case.
” Results for the:dbove work are given for all types ?f themal 2

plants and Jare !ncluded in tMs chapter. " The hydrn generation case.

s not cunsidznd in this, thesis due to, time-limi tatfons and may be. .

*'treated in the same manner. N

As poinud out in ‘chapter one, d_me tesults of th;_ optlminqnn

procédure are fntended to be used as an extra measure for Judging the

_ merit of each estimation technique and 1ts results, This fs so since =

different optim] strategies will result fron the different paraneters

estimated,

THE_OPTIHIZATION PROCEDIJRE .

The appnich 1s-to mlnim‘\ge tne cnst rehud nh_-.ecﬂvq ﬂm:ﬂnn
subject to equallty and |nequa'||:y cnnstram; on the control varhbl:s :',




that 45 and/or ard gG (9,1 0,46-51) . “The method of Newton- .

. Raphson 1s- used for ﬂndlng the gpt'uliw condt tions'. . This we treat

next, but ﬂrsc we givea hrﬂ! descriptfon’ of the Imum-hphsun
methad,

.THE. NEWTON-RAPHSON METHID

This snlinﬂo": procedure s -very efficient compared )
1o other téchniques from both speed and storge points of view. The .
te:hnique solves for ammber of 11mr or mnlinear equations simlt-.
aneously and is tmn to conv!rge 1n st cases' for pover systm app-
Meations, ¢

The. pmblu at hana 1§ to find a vectnr u thug slt{sﬂes m
non] {nedr equmm. . e
f-0 .. ke i .................(5.1)

the procedure is to update the estimate of the unknown vector U

" starting with sone Tnftial vector UC fn such a vay tht hiopefully

after a number of iterations, K. ;.

£ ces S -5

where & is some desired marnnce.
< Basfcally to develop thu algofmn. the fum:t(m f s expanded "

by Taylor's expansion m«g the inf t‘la\ guess vuctnrg »
AP » £(u
£ 1% + RACH

0 ’
- AU+ higher order terms, ... (5.3), .
3 ;

',!nu




‘-

ignuring the nonhnear t:rms in AU and snlvmg equaﬂnn (5.3) fnr Heay

Al.l we obtain fnr the updating increment.
-1 R
W],
Cfw) i PP L X0
o 1 it P .
e e : :

AU = -

1

the matrix of / U is called’ the Jal:oblan matrix J and AU 1s - the ’

cnntro'l update vector. The new. vectnr ¥s given by~

Sota?im®, ¥ SRR X )
3 ~ .
and in-general-for- the kth iteration we have , . 5%
4 & o ; 3
e ©fU) . s e (11
X . o . . =
Lo . .
equations (5. 5) and (5.1 6) define: the Newton-kaphsan Algnrithm.
P 5 1 THE OPTIMlZATPON CONDITIONS " 5
. \Twn similar sets of nptimulny conditions are given he'low, the
) ﬂrst eorrespnnds to the acﬁve prmer lnss nodel, the second to the
active-reactive power Toss mpdel. . 3 A% .
; . . 3 ) - : .
T ", A: OPTIMUM ACTIVE .POWER ALLOCATION
E SRR SR R F " E
t < %/ Consider the all-thernal electric-power system shown in figure
- (5.1). (et us as;ume that we tlav_te m generating units supplying power ; w
‘ - <7 _to'the total system active power }demand PD" through u-trénémlssdqn
o 5 3

network represénted by the B-Coeffictent model. “The fotal cost
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" function is formed ,

function F, 1s given by: .

. 2 .
Bl 151 aj +84 Py iy Py, e G}
where l’,I for i-’l’.z....‘. m represént the active power generation ‘n‘f

unit 1, with the subscript G dropped for convenience and a; ,8; and *

¥4 are the cost coefficients of the fth thermal unit. .
e wish-to minimize the total cost function F, subject to

the following equality and inequality constraints:

A
+P =L By,
DT e

Pimin € PUS Prmacst 0T e

W N
where PL is- the total system active power Toss. An'augmented cost -,

Ve -

v ¥ i - 'm # . ]
RRARNCE LT RN PRGN (X1 /

where xp_ is.a Lagrange typewuitlp’lier. This 1s essentially the.

Ancremental cosy’nf power delivered.

For optimality the first partial derivatives of FA mn »

respect w P, " |=l Z,....,m. and l must be equaf.ed m um thus,

Py
= g+ 2 Pn(_-n)-o et (5012)
U R R R RS ¢ /

T




o5 ¢
| g BERCEE e e
. p 55
oF, ; o
& A n . 4
R - =f =P +P - T .P;=0, ‘&ﬁ..........(s.n)
L& Ty PRI T g
. we set the above (m + 1) equations for (m+ 1) unkn)fwns in a format
i given by equation (5.6) above to solve for Py s f=1.2,0.0.m, and 2
i iteratively. The Jacobian in this case is given by:' e
o f. Py Py wase By E‘x,_ =
; == -
i ! . af'ﬂ ’fpl -3fp1 : ’fpl
| | — — e —
i A Py o P .- 3Py i Mg
; § [
- ; ! ) )
. R ) i afpz : afpz afpz i afpz
| "2 P I BRI Sy
[‘ 49 L) Py By
¢ i . : .(5.18)
! % dre % § .
b I
! \
' [ v
'
I . |
1
I4 E
1
| 5 K 2 s 7
il . and the vector f is given by: B TR U o
i - 1 ’ . - 3 T 2
gd0 N [ofor v Too semesmeien s T, fPD‘J.. eonnines(5:15)
. : where fp‘ for i=1,2,........,m are given by equation (5.12).above, !
T i
= ' K ‘ U ,
- \ .
i ’ s
; i B .




Wl 1T AT

I
and fpy by equation (5.13). : oy
Both sets of equations (5.14) and (5.15) are e,vfluated at

t!;e 1initial starting guesses of P and xp‘. The: new values of P", i=1,

2,00u0ue3m and xp are calculated by updating the initial guesses by "J
the increment ay. “1f convergence is achieved as judged by no ‘further
“improvement in a4 or the.elements of vector f approach & certain g

tolerance, the process is stopped,. otherwise the vaiues of th; unknown

are updated and the process until either gl wls
"‘reached or a maximum number of fterations. is exceeded. . The u'lgdrithm
1s‘set up such that if any of the control ‘variables violates an in-

4, equality constraint, the variable is set to the 1imit (as dictated by
the Kuhn-Tucker conditions(52)), and the algorithm thén solves for the
new reduced pmblegn'uﬁt!'l convergence is achieved. =The'iterative
pmcess’for' the above {s i1lustrated in the flow chart of figqré(s.z). -
One important fac.tur in xislng a Newton-Raphson based algorithm is to

have an initial vector reasonably close to.the optimal snlutlnn(sa.ﬁa).'
| Two methods for géneratlng such initfal guesses for our purposes. are
given ﬁ\ appendix C. )

Results of the optimization solution corresponding‘to the B
P

Coefficteiit. model with 1ts paramet :d by the five parameter
{4 ! estimation bechn{ques for a1l thermal p'lants with Coal .0" and Gu

are given n. tables (5 1) to (5.9).
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a
—

o B

Koo E_Qp- E Q Ag» By
. The tofal active &nd/or active-reactive power|

Read in:
The cost coefficients ayy By and v, ‘for

The'a:':ti \;;.;nalor active-reactive parameters
K10 8o 204 B9 Kgpr Eppe Epg» Bpe B Bpoand

demand,

The upper and lower’ 1imits on.the control
variables U. t

The tolerances e; and e,.

Generate' the initial guesses U(K)
‘active and/or active-reactive
using either method 1 or 2 given
in appendix C.

Conpiite the Jacobfan J(K), s
Power losses P (K) and/or: PL(K)

and QI_(K) and the Vector F(K).

: i
FIGURE 5.2 - NEWTON-RAPHSON BASED OPTHAIZATION ALGORITHM

FLOW CHART
-

/ i

57




i

Calculate AU(K) From
3(K). aU(K)==F(K)

Calcutate U(k1) From
U(K+L)= U(K) +aU(K)

Constraints
Violalation Test
Upper. and Lower

Limits'

Set those variables violating
the constraints to their
limits (upper or lower)

Compute: the Jacobian J. , the
Pover. Tosses P, and/or Py and

Q and the Vector F.

i (8

Reduce the Jacobian J : the

Vector F hy el1|u1natTml
rows and columns and: e

t
corresponding to violations

" FIGURE (5.2) CONT?

| c2 5
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Constraints
Violation Test
Upper and Lower
— Limits

Convergence -

&

o
———

"FIGURE (5.2) CONT.

s
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NOTES TO THE FOLLOWING .TABLES

N PD"|s the total system actlve‘.pawer demand An MW,

; PGl 3 =1, 2........‘m 1s’ the optimum active power generation in

" " of un!t i. 5
3P s the total system nctlvc power Toss . in MW that correspnnd
to_the optimum power generation. g - )

4% 15 the incremental cost. y
8. Fa 1s the total generation cost.

6. Fa is the augmented cost.

7..w’ is the largest.ratio of ‘the fncremental change (au /.U) in
the wktow vartable Uy ( U S SRR xp“]T').

8..0=1¢ “FA / aU)z is the sum of squares of the first partial
derivatives of Fy at the solution.

9. FBIG is the .largest e!ement of the vector f in l!év;ton-kaphson
based a'lgariwn. '

e
e

The inequal(ty cnnstraints are:

Fod

The 5 Bus test system »
S0 P 200 MW
10 ¢ Py g 2000 M4

B. -The 14 Bus test sytem,
50 ¢ Ppg 400 M
10 ¢ Pyig 200 Wi




S
C. The 30 Bus test system

2
3

1. The cost coefficients a, 8 and y - for the above. thermal u!ius are
given in table (ﬁ.lb). 1

o

2. The optimization procedure was carried out using the B-Coefficient
model with 1ts parameters ‘estimated by the indicated method '1n_
each ‘table. ' ’ "

i
i
|

13. Convergence Criterion,

s LE-04

€)= FBIG & 1.E<05 or ey= u




TABLE (5.1)

‘OPTIMUM DISPATCH OF 5 BUS TEST. SYSTEM

o FUEL COML . .
Vari- . Weighted  Linear Gauss-  Marquardt | Powell
‘ able Least

- Regression - | Newton . Regression
Squares - ' 5

% lesi009 165.005 165,000 165.000 165.000°
Pop 68921 6Bl 6ad36  ea.ess 68.916
: L% P " 99,342 99.439 ) ‘99.436 O 99.417 99.344
3 a2 B aem a3
g 1782 sz 100 ° 13,038 A," s
o, 1839660 . 1699.790 " 1899776 1630785 1839.657:
Fp  1839.680 - 1039.790 . 1839.776.  1839.785 1839657
W (38905 LA90E-05 .30S0E-06 ,1SU6E-05  ,3BE-05
o BILE-10 . 90%SE-12 .0 J365E-10 9095E-10 :
. FBIG .6676E-05 .9537€-05 .0 | aregeos | \T630E-05.

|

1

! .

|

i

i - %

{

\t.
',\ i




&

OPTIMUM DISPATCH OF :5 BUS TEST 'SYSTEM
p - s

1

Vari~ . Weighted' -Linear
Least - Regression

able

Squares
Py 165.000
Pgy . 68,843
Py . 99.418
P 3.261
Y le.2
Fo - 1917.078
Fy. 1917078
u'  .5549E-06
o .9095E-12
“FBIG ,9537E-06

. 165.000
68,754
99,518
3.272

_\oe -

1917.192

N
1517.192

.6190E-06
.1819E-11
+9537€-06

Tt’\BLE (5.2)

FUEL- OIL

Gauss-
Newton
165.000
68,756 .
%

- 99.515°
3.2n
13.625

1917.178

T1917.178
;JOSZE-DQ
0
A0

Marquardt
.. »* Regression

99,496
~ 3,272

13.568-
.'1917,188
1917.188
L3381E-06
.0 '
.0

Powell -

-165.000

. 68.838
99.420
3.259
12.297
1917.055
1917.055
.1110E-05
.2364E-10
.4768E-05




4 . i 65,
! g
i DR
OPTIMUN DISPATCH OF 5 BUS TEST SYSTEM ) ’b
;. i - |
: L 1 ]
/. Squares_ . . T i . {'
Py, 165.000  165.000  165.000 16500 ¢ 165.000 5
Poy  68.542 ' 68.438 68.040 . ¢ 68060 . 68,536
g Pep 99715 99.830 99.825 99,807 99.719°
i P 3,257 3.268 3.266 3.7 . '-f’a.zs4' -
R T LAt 19 e . 1380 "fwxz.soa "
Fo' 0 1945,926  1906.062° . 1946.027..1946.037 195,903 33 0.0 5
! 'Fp 1945926 19460427 1946.027 1946.037 . 1945.903 _ .
i W 3695E-05 JMM4ZE-06  SOG7E-05 .5Z53E-06.  .6GG7E-06 \ J
! /';u’ “LUGAE-00 LIBIOE-11 . 9085E-12 ..1BIGE-11 4BATE-11

FBIG. ..7620E-05" ,9537E-06 ° .953E-06 .9537E-06 .1907E<05




1

Vari-
able

P

Pe
Pe2

“Netobtad
Least
Squares

" 259000
" 183:601°
| E.261

11.822

11,493
" 193,507
2793597
825006

1819E-11
L9537E-06.

©iame T
opﬂw.m nxsmcu OF ALEP 14

- Linear

- Regression

"
i

NO

 FUEL="con

- Gaugh-"
- Newton

'259.000
=

163236
. CONVERGENCE |

87.682.
11878
"'13.516
2794.239

Nz79a.2%

.8019E-06

+1819E-11

S537E-06-

BUS TEST SYSTEM

ﬁ{muardt

269,000

183,202
87.678
o

13501

2794.248

- 2794,248
'-10355@5

& .72755;11
o075

| 2703.902
“2793.902

"?.s"l}m
2000
183,482 .
87.409
11,851
"11.686°

J1338E-05 ¢ -

LL1819E-11

<9537E-06 .




Vari=

4 -

67

TABLE (5 5)

OPTIMUM DlSPATCII OF A:E. P 14 BUS TEST SVSTEM

Linear
Regression

NO

CONVERGENCE -

Wei ghted
b . " able Least
Squares
Py - 259,000
Pey 182,207
. Pgp . B8.597
PL‘ 11.764 i
N o AP 12.0:14 £
i F'o /2914.'743
Fy 2914.783
¥ .1309€E-05
2 o +1819E-11
FBlG

L9537E-06

sl

FUEL- oL .
s e g;:ﬁ:;:.,n
250,000 - 259000 25936
181,776 > B8 182,03 ;
89.080 - 89.075 88.795
ise s . 10701
14163 718,148 . 12.461
2015.408 2915.419  2915.063
2915 408 2915419 29)5.063
3121E-06 .H039E-05 . .3512E-05 ;
.0 X "909SE-12°. L1B19E-11
.0 .95376-06 - ,937E-06

e T




Vard-

able

~TABLE (5, s)‘

OPTIMUN DISPATCH OF AE.P ]4 BUS TEST SYSTEM

Weighted
‘Least
Squares

259,000

187.522"
83:506

11,988
11977
2950.191
2950,191

Linear

Regression -

KO-
CONVERGENCE

FUEL- GAS

Baiisye.
Newtol
259,000
“187;307
»
83.784
412,051
14,003
2950,883

2950 BBJ

7997606
A507E-11
.1907E-05

Marqqadt

' 259,000

187.31
- 83.781
12.053
14.076
2950893
2950.893
. HOZE-QS
«1182E-10
.éasl;_-oé

Pove?’

Regression |

. 259.000 %
187.544 .

83,520
12,026
12.375
8950520
2950.520
+8170E-06

JIB19E-11 | -
" 9537E-06

€8




TABLE (5.7)

OI’HMU;i DISPATCH OF A.E:P' 30 BUS. TEST SYSTEH

* "FUEL- COAL

Vari=  Weighted Linear
able * Least Regression
Squares

PD 28?.400

Py (160399 Ko

Pz 59.362 CONVERGENCE

bey. 78.76 2
b 1w
EA XY

Fy 176,301

FA 760
w  3855E-05
o . .9095E-12
‘FBIG' [9537E-06

Giuss-
- Newton

283,400

" 160,43

59,371

. 78.7%9
11,094,
8,851

3176289
-3176.289

128304

1000610

.2861E-05

b

Povell -
egressfon.”

Mm‘mardz
. 283400
Mo 160,399
w
CONVERGEICE
74,784
11,004
8851,
3176.303
- 3176.303
JB652E-05
< A547E11
+1907E-05

/

69

3

5,361 ‘
~




\ " ThBLE (5. s) sz
L § ¥ e
I . OPTXMIN DISPATCH OF AEP 30 BUS” TEST svsten
& e B A7 ’ Fug- oL !
S Y y 3 v
G Ea - Vari- " Weighted . L|ﬁ§@ Gauss-  Marquardt . Powell -
i =. v ‘able Least  Regression Newton . - - Regression
o . ‘Squares, 3 D ° 0
! Py, - 283400 263.400 . 283,400
1 L " s % . .
| Py 150.489. . NO'. . 156,530 NO . 1580489 P |
] Pep  60.482 lc'nuva"mucr: 60,492 * CONVERGENCE 60,480
1 75,49 75.450 - 75,501 |
PRI TGS - R (N~ C SR | W
) 3, ez e 0,230 N 9.230
i 2N i .
I F 3313.105 333,117
| . o Al 3 > ]
Fy 3313119 3313105 313,117
: " W .35UE05 . 3574604 * .2883E-04 <y
g V2728E-11 - . J7822E-10 . .. ,1546E-10
L T PRl L953E-06 o LBSIE-05.7 J2B61E-05
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TABLE (5.9)

i O OPTIMM DISPATCH OF A.E.P 30 BUS TEST SYSTEM
r . UL 6as P
: Vari- ~Weighted - Linear ) Gauss- .Pﬁarqﬁardt -Powell
! able; S:ﬁzsn:s Regre§s|‘on . l(euwn. Regre.isﬁon
, . oy 283.400° 1 23.400 283,400
s ‘ Pg  164.894 . NO 164,919 ho 164.804
~ ; Pey.  86.472 CONVERGENCE./ 56,478 CONVERGENCE'~ 56.471
- Py 73354 " ’13.323 7335 ‘
Booaerel wem T 1w .
. ! % “74,359 R X1 9.359
F, . 3355.450 ©NEE.A3 0 355,48
LRy, WSO 6.3 o mss.
. Cwi L9231E-08 JB4T3E-08 ez
o v '.z7z/e:-u B s JS039E-09 . b sosst-te
FBIG .OS37E-06 .. . .I621E-04 9537606
. N s I "‘\_/
. i o 7 l
> 3 p !,
i ‘ i ey




B OPTIMUM MTIVE-REALTXVE%OIER ALLOCATION

In 2 similar approach to A above, eonsid’er the electric pover '
. systen diven i Figure (5.1), this time we assoie that the m generating
theimal unfts nv'e supplying jower 'to. the total mlu-pmr demand sn. e .
vz through a network by ﬂw ti Ave power

loss model. -The total cost ‘function Fo,;rhfnu 1s given bys

Com By} A
o y I ey By e L esenenitaail5i16)
1n this case we wish to ninillze the cost function sul;.‘lect h the
: following eql}"ty and hmwﬂiw constrafints:

i N A <€
(5
. P+ Py - x P=0 : N seesseaness(5.17)
. L S = S R B @&, e
S,
- 4

m K
b A Tt LR

P € Pg P
B imin <79 1max *
\7\ SR

(5.19)
AN S Y 5 Y 01 max % 4 5'20)
i %a L‘for |-1.Z....;...n. \d\un B is m mwer of the wnnﬂng units, An

lllwlnhd “function. is formed ﬁn 'lncludl bnﬂ\ the lcuve and n;:tlv- -
components , T Yos “
b, % R T .

TRt PSR P ) g i)




v""P|"

‘
For optimality the f|rst partial derlvaﬁves of FA wlﬂl respect

H |-l s2psenieseinshy x and x must be equated to zero, hem:e.

QFA
——--f =s1+21|P+A(—-I)0A( )-0.(522)
*, "y

W,

/

aF, 0 - ¥
A'f' =3, ( )n (& .0, ceeenn(5.28)

a0y a0y v
b H . el
oF - 5 ) “m . )
A @ P+ P e p P =0 * eeeiea(5.24
an P Lo 4 : ¢

P
and,

n 3 ’
5 20,7 0 1 (58
=1 q, PN 2}

An this case we have 2(m + 1) equations and a:n +1) unknowns to solve
for. - For solution, equations (5.22) to (5.25] are set upina format.
j{imllar to that of equation (5.6) above, the Jacobian matrix 1n this

1s, - -3

L RS L R B I

I S SOV I R S YRR YO B3 B

ST Sl By My % Wy | A M
: ¥ o i o 87

Mor Moz WM [N M Mz o Mpp| e 3

LR *, LURRE Y G Faag kg




and.the vector f-is given by:
g T o

L= s T

n"h‘erve:vfp'. fqy'v, fop-and fo 'ar‘e given

and ‘(5,25) aboye;vres‘ple:t!vel

5
. f@ J. .(5,27).

23),(5.24)




The Jacobian é.zs) and the vector ¥ (5.27) are evaluated

" at the fnitfal guesses of 2,10y Y and < The new’values of Py,

Q5 =1 .z..?..,m, xp and \q are calculated by updating the initial

_ guesses by the iincrement A ;. Convergence procedire as in'A ghwa.

Again as mentioned in A, if any one of the control varfables violates
a constraint,’ mglgorwm sets the varfable to 1ts Hmlt and the
new reduced prob!em 1s ‘solved {teratively untH :onvergnm:e 1s reached,
See flow dhqram given in figure (5.2), For Inftia'l guess estimators
see appendix C, g

Resilts ‘of the o solutfon s o the

acﬂve—rﬂcuv‘e ‘power Toss model with its coefficients estimated by‘
the five parametersestimation techniques for all thermal plants with
Coal, 011 and Gas are given in tables (5.10) to (5.28).,




NOTES TO THE FOLLOING TABLE&

&

2

10.
A.

anam QD are the ’toul systen acti‘ve and reactive power demands
in M and MVAR respectively.

Pog and Qgq 3 1%152,.0000,m, dre the optinun active and reactive
power generations. in M and Mvm,i’hspect‘lmy. .
PL and QL are the total s'ystan active and reactive power losses
in M and MVAR respectively, e

xn and A are the Lagrange type multipliers (incremental costs)
‘for the activ: and reactive components.

Fo 1s the g'eneration cost.

Fy 1s the ‘augnented cost.
u s the largest ratio of th! incremental dlmge |(2U/U)l1n the

unknown variable U (U = [PX'PZ‘ '“'P.,.'“).'QZ 3
at the solution, - R
o=z (aFA/au)? is " the sum of squares of the first vgrtil]
derivatives of Fp at the solution. ‘
FBIG is the largest element of the vector f in Newton-Raphson
based algorthn,

The |nequaf1ty constraints are; .
The § bus test system, 9

Woeh W g g0 iR
0 5P, s W 05 05 B MR

© 76

K ,,,.AI,, q] )., !




B, The'l4 Bus test system, ¢
100 MVAR

! L 50.¢. Py ¢ 400 1 B0 ¢ 0y s

L3 ’ 3 ) ! .

! ) 10 ¢ P, ¢ 200 0 50 s 50 ma . ;

| e h Ms system, B s K -
N9 ¢ Pre @00 Wm0 <ol w0 wm Y ’)

i Lt 10 Py 200 W Wl 50 - |

| ) 10 ¢ Py ¢ 200 ‘M 05 s 50 :

| o1, Tlle cost coefficients for the above generators are given in

l » table (4.10),

12, Thc optimlzatlnn procedure was carried out using lhe active-

. reactive.model. wi th its | s estf] by the
" method in each table.

|
f 13. Convergence criterion,
| 1 = FBIG g .1.E-05 or = u g 1,E04




_TABLE (5.10) e T

P O -
| OPTINM ACTIVE-REACTIVE DISPATCH OF 5 BUS TEST SYSTEH
kL FUEL- COAL™  © o W
Vari-' Weighted- Linear Gauss-  Marquardt Powell
“ able Least Regression , Hewton Regression
i quares, ; -
Pp . 165000  165.000 .- 165000 165060 . 165,000 ' q
Q 4000 . 0000 . 4000 40,000 - 4.000 g
Pey 69.648 . 63486 9,608 69.648 69644 3 i
Qqp. - =9.467.  -13.362 -13.472 . .12.857 '-9.998
) Pgp OB 9659 96538 9850 . sn.5ds,
Le Oy . 27,3 424 W36, . 30745 2.883
n 3. . 3145 .46 3.182 3,188
# Q) -22,02 21938 2436 | -22.113 -22.1%15 .
* 9.027 9,113 942 9 9.034 ‘
Aq . 2B60EHO: LIZIEF00 © LZGNEV00' 24BIEHD . 2664EF00
F,. 1838918  1830.528  1890.525 1838.575  1838,904
| Fi  1838.948 1830.528 - 1833.525 1838.575 1838904
. 1360605 JZ2iE~05. .7408E-06 . 2295E-06 - . 2069E-04 -
o1, A2336E09 22166412 .23E-09 [HABE-1Y - .AGHE-09
FBIG' 1526E:04 .J6I6E-06 ~ .15266-04 1267E-05 . 1526E-04




I3

FBIG”

TABLE “(5.11)

’ O‘PHW.H ACT! lVE-lEACT TVE DISPATCH DF 5.8US TES'I' S\'ST{M

Welghted. Line

e
+1654000 " 165,000
nh,ood'v 40,000
69.567 69406
' e.ak 13
98.625 . 98.788
27.363° 31 -
3.9 3au
Vézz".l_os_‘

1916.316. 1915, 678
’19]6.31,6 1916.878-

C JI01E~05 1823605

T 243E~
\1390E~05 .257E-06

1086E-12 -

FUEL- 1L e
g:::; & Marqulrdt
165,000, 165.000 -
40.00 0.0
6951 69,569
13,415 12,860
9B.61 98.583 -
C31.3% . - 0743
R R
.-az;u’oﬂ 2n7
T
Tarmien - 2sEv00
915 876 #1915.927
115,976 1925, 927 -
(I6IBE-05 . - T125E-04
26 anEE-00
'.iézsffm - 1566-04.

C .

Pwe’u

P Regresshm

\* 165,000
0.
7 69.583

10000

* 08624

Sarem
30w

222,11

,;.zsum;n f =
/1916210
'1916 an-
.msu—ou
.lsso_E-m oy

“.1526€-08




- s .
| TABLE '(5.12) e

o & ¢
OPTIMUM ACTIVE-REACTIVE OF 5 BUS TEST SYSTEM

fi ¥ : FUEL-GAS . ¥,
Vari- ‘Meighted * Linear | . Gauss-  Marquardt Powell £
raﬂb'le ’Slas:‘s':s Regression Newton " Re_‘qressv'lyon 2
P, 165000 165.000 - 165.000  165.000 - 165.000 : 9
9 - 40.008 4o.dqb 40.000 40,000 40.600
D Pgp o 69.251 . 69,090 . 69.213 69.254 69.247
C g -9.478 -’—,13‘.38_1 -13.486 121869 - -10.010 B
" Pay 98,937 . 99.050 - 98.927 98.893 - 08935 .

Qg 27.355 31,425 e 3073 27.875

P 388 3a3 . am 3,47 3.183.°

o . -22a22 2195 . -22.156 ‘-22.133‘ -22.135 ,
=5 9,550 9.645.  9.675 ' 9.670 . 9l561

Aq % .7-3024E000,r +3406E+00 - .2812E+00 - .2627E+00-.. -3028E+00
Eo . 1945156 1944.710 1944.708 1944.761 1945.109
Fa ! 1945.166. . 1944.710 . 1944.798 . 1944.761 1945.109
¥ ) .iliBE-OE .’1115E-05 ~5986E-05  .2694E-05  .1101E-04
o .KISOE-IZ .5360E-12° .2331E-09 ,1427E-11 - .4666E-09
FBIG. .8035E-06 .5B86E-06 .1-5265-04 £ .1010E-.05 »1526E-04




Vari-

able™”
Pp
iy

P

6

9
T Pe
%,
B

Q

dr

Weighted”

Least
Squares

259,000

73.500
132,670

46,235,

136.935

_ 50,000

- 10,615

22,734

13.694
28276400
2811.232

: zall(z&g

.2907E-05
.B914E+00

" .59606-06

“-Linear’
Regression

N,
 CONVERGENCE

TABLE ZS‘IZ)

P 7 .
. OPTIMUM ACTIVE-REACTIVE DISPATCH OF A.E.P 14 BUS.TEST SYSTEM “

FUEL-COAL -
Gauss- ' Marquardt .  Powell
Newton Regression
259,000 . 259000 ¥ 259.000
73.500 . 73.500 73.500
126,634 134,598 - 131.845
| 40711 37430 45981
1012477 134,885 137.598

© '50.000, - 50.000° . 50.000
Toeall | 10,483 10,483
17211 - 13.930 < 22.481

14.030 14.127 131696 .

‘7.2987E-01 24026400 .2550E+00
2801946 ‘2808.‘545 | 2810.263

: ZBOi:QlS 2806;548 2810263

‘ .5900E-04 - .891BE-D5, .3985E-05
.5622E+M <6539E+00  .9091E+00
-1442E-05 = .2742E-05, .issgr-ns

81




TABLE- (5.14)

Marquardt

“259.000

73.50
132.826
36.857
136515
50.000
10.38
133
14,767
2325400
292048
2929483
(GASTE-05
6826E+00

9537E-06 "

Porell

Regression

269,000
73.500

“Tatear
15.467
139:615

50000

- 10262
21,967
14.319

L2427E400

.. 2931211

2931211

.aafnz-‘ns
9647400
J30E-08

St o
OPTINUM ACTIVE-REACTIVE DISPATCH OF A.E.P 14 BUS TEST SYSTEM
: T mmeon” :
i Vari- Weighted L|nex;r Gauss-
able S&liz:sr:; J\egmssfnn Newton .
‘PD' 259000 259,000
Q 0 7350 N0 i 73500
! g Pgp, 130,509 COWEGENCE 124,411
: - [ - 40,119
% Bep 143,510
. * Qg g 50000 50.000
X ) ) s
[ 16,619
; . S Cuaw 14.676
Ay L2721EH0 -.5540E-01
o F, o322 - 2922.432
; R Fy . 2332.23 » 2922:432
o W J6851E06 9177605
@ 9061E400 .8009E+00
*FBIG .8345E-06 ;Asész-qs’

82




TABLE (5.15)

OPTIMUM ACTIV_E-READTIVE BISPATCH OF AE.P 14 BUS TEST SYSTEM

Vari- ) Weighted
able- Least
Squares
1) 259.000
Te 73500
vPGl 134.713
Qg . - 46.715
PGZ 135.970 “
Q% *50.000
PL 10.783
g = 23.215
xp 14.436

A 32066400
Fo . 2970.334
By 2
b .9%BE<05
o o ul012Ee01

FBIG 7 . 1669E~05 .

“-FUEL-GAS

inear . . Gauss-
Regression

259,000

Mo . 73.500

CONVERGENCE 128,476

41,206

: 139,794

" 50.000

9.270

17.706

18.785

eazedn

2960.638
290,638
*.1870E-03
B755E+00
"2094E-05

Newton

Marquardt

250,000
" 7800

. 136‘.345

' 38.000

133,277
50,000

- 10,528

iﬂ. 500

. i 14,897
«2120E+00

29§7. 460

2969, 460
. 34B9E-05
.; 7600E+00
- 1311E-05.

Povel !
Regression
, 259,000
' 73,500

133.887

46,462

135,725

50.004"

10,612-:

22.%2

143
| +2914E400

2969.328 '

2969,328

.9537E-05
. 1038\2001
:2682E-05




TABLE (5.16)

OPTIMUM - ACTIVE=REACTIVE DISPATCH.OF A.E.P 30 BUS TEST SVSTgfﬂ :

Vari-
able

Weighted
Least
Squares
. 283.400
126..200
153.886
153.414

58.960

© 50.000°
71,697

=10.000
i.aa
67.214.,
- 8.893
- 1248400
3088.830
3088.830
L1741E-05
4118400
.67\06E-06

FUEL-COAL
Linear: ' Gauss-
Regression - *Newton
283,400 - 283.400
1zs.;:’o€ 126.200
150,867 . 155082
w722 122,380,
58,410 " 57,643
33.247° 50,000
75510 71462,
50,000 . -10,000
0388 1,587
2,230 36.181
6,762 -8.901
10006450 ;16326400
3169.766 . 3092.119
310.766 . 3092.119
T011E-05: - .4764E-05
L6960E<01 . .4453E+00,
6311605

+6445E-05

lﬁrquardt

283.400

126.200

153,195
125,131
“61.068

_ 50.000
75.718
-10.000
6.581

- 38,931
8.900

Povell -
Regression

. 23.400 °

126,200

153,861

153,755
£8.978
50,000

4 71.700

-10,000
1.138
67,555
8,900

+.1730E+00 . - .1243E+00

3137.968
3137..968

L5750E-06
LI661E400
6780806

3088.788
3088.788
L3951E-06
. 4115E"’Q0
L16026<06




By g L L % TeLE (5.7). 0 e

B E, 5 OPTIMUIH ACTIVE-REACTIVE DISPATCH" OF ALE.P 30 BUS TEST  SYSTEM )

BT . : FUEL-OIL
| Vari- . Wefghted ~ Linear . “Gauss-  Mirquardt  Powell '
1 o ab CLeast  Regréssion . Newton o Regression

, By T 283.400 , 2630400 283,400 - 283.400. ' 283.400
[LotTUUvy 16,200 - 16,200, 126,200 - 126.200° 126,200
' : P 162012 . 100611 15402 151290 7 161988

oo 130 W57 T22un | RA.E% 183450

¢ P - 60,123 58.784° 62,250 60141 -
i Qg2 50.000 3,205 - 50,000 - 50,000, 50,000
Yo P 72.333 98 72,07 - 76,385 7a
Gg - “10.000 50,000~ ~10.000 - . -10.000.  -10,000
Cee -l Loe | was 1 J: 6.502 ;. 1063
. oy 66.910 2416 35.923° ° .698 - 67:260
G Coomans sl e oeam s

Aq' " -.1320E400 .wz7e+po' ’-.171gmu .178BE+00 -.1314E¢6§
JFy 3221843 -3306,298 325,307 313,051 322,800 -
Fpoo . 3221.843 3306098 225302 373.051 3221800
. L Z39E-05 .SBIE-06 - .1426E-04 - ".I29E-01 .4950E-0S
| . [ (MB2E+00  .7550E-01- ABA4EH0  L102E+00 < 44T8EX00

; ©FBIG . [GRI7E-05 |330E-06 .8743E-05 " ozE-05 Las0ci0s.




" TABLE (5.18)
. f

ﬂl’TlﬁUM MT[VE{KFACT TVE DISPATCH OF ALE.P 30 BUS TEST SYSTEM

Vari-,

able

Ey
2,

a

FBIG 11225605

7820E-01 . 4980E400
"\7855E-06 J1531E-05

2283400

126,200
157.241
125648

- 88,317

50,000
74,592
-10.000°
6.751
39.418
9.9

.1855E400
315,132
315,132

* .7026E-08

o FUEL-GAS
Weighted' . Linear Gauss-
< Least Regression Newton
Squares A
263,400 283.400 _263.400 ;
126200 1 126,200 - 126,200 .
C1snor8 | isa.0m 160,073
154,095 AL.080 2 122,981
s6.213 55670 54839
50,000 - 33.363 1 50,000
7057 7am 0.2e0
-10,000 ° 'so.puo' © -10.000
1.309 10,653 ; ‘1.'753
67.895 . 1.7 | 36,781
. 9.0 9.6 9.1
212806400 - {095EHD . 16536400
3263.085 © 3MB.554 .. 3266.495
. 3263085 34B.554  3266.495
213505 °. ,1323E-05 . .1386E-05
L4601E400

L1866E400
.4508E-06
s #

Harquardt _‘Powell '
& Regression

233;500
126.200
-'157.953
§ 15‘}.416

56,232

50,000
70.519
"110.000
1,304
68:236
9.402

i

=.1275E+00

; .:zsa_.'oni

3263044
06805
LA59BE+00

.8706E-05.




Hav1ng al’ located the optimum- act(ve and/or ict{vbreacﬂva
power generatians for the three .test systens as descrﬂ:ed 1n section
¢ . . .. 5 ahove. these ‘povers: are utilized |nta the. respective orlg'nal
] netwnrks. A load flow snlunon for each. sysr,em 1s carried out us1nq
thz load flow. algnrid\m mentioned in chapter v, to observe the impact -
i ', B of these powers on'the nemrk performance.
| Resu1ts coruspunding to the B-caefﬂ-:un! nodel are givenin
tah'les (5.19) to (5. 21). and those correspowding to the active-
reactive model are ‘given in-tables (5:22) to.(5. 24)‘
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Var{ab]

g
AL
[

" votage

Phase
Angle

Range

e~ Weighted.’
“Le:

ast
Squares

250,00,
73.50

183.14

2.83

88.60 .

' 50.00
12.25

2431

0 to-15.44"

; *
740 1,06 -

| TABLE. (5.20)

14 BUS TEST. SYSTEM LOAD FLW RESULTS
B-COEFFICIENT MODEL T(0TL)

Linear
Regression

o & o
COHVERGENCE

e

‘Gauss-
* Newton
< 250,00
73,5
"182.‘76
2.93
89.08
'50.00
12.25

e wa

v o
.969 to 1.06

0 to-158

Marquardt -

259,90

73.50
lﬂé.iu,
2.92°

/89.07

" 5000 -

125

4,38

R

.

Powell .
egression

259,00
73.50
182.96
288
x;s.su :
50,00
lz‘.zs

‘.39

970 to 1,067, 970 10 1,06

-

0

Cto 1543

E

]

~10.-15.44" L

i

06
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Bus No. . MW AR

. 1 70 -.00002
2 Z.00732. .00011

13 .00080 -,00116
-
5

.00020 00048

* Slack Bus. -

| @

.00020 * 00226

-.00005 -.00001

".00851
*.00043
00006 .-

TABLE (5.22) CONT.

" MISHATCHES

MVAR

~.00465

200058
00104

-.00034 ~,00065

L »
-.00008
-.00789

00056
00086
-.00034

MVAR

~.00001

.00336 .

~-.00126
00011
-.00050

My
200003
-.00662
-.00011
-.00073
-.00020

| huAR

00003
.0085
-.00317
-.00052
-.00097

mC AR
-.00005 -.00008
-.00674.~;00030
.00185 . .00346
00110 -.00056
".00012 - 00011



Varfable * Weighted
A Least

Squares
| P 259,00
| 5
¥ 9 ¢ 73.50 .
P‘Gl v 132,56
[ 23,47
P 13695
QGZ 50.00
P 10,57
: o 18,92 ¢
Voltage ¢ *
Range 971 to 1.06
R " Phase

* P
Angle - to -14.09

TABLE (5.23) .

14- BUS TEST SYSTEM LOAD FLOW RESULTS

e Linear- Gauss=

Regression Newton:

. 250,00

g - 73.50

RO ORI 1 X )1
CONVERGENCE 22.9h_ &

' 141,48

50.00°,

| 0.5

18.46°

*
d 2972 to 1.06

_ ACTIVE-REACTIVE MODEL (CoAL)

Marqlgérdt

*"259.00
73.50
134.68

23.70

134.88
50.00
10.63
l?.l4

Powell

* Regression.

259500
" 73.50.
13188
- 23.40

137.60

50.00
10.55

18,86

2 " arE 2
971 01,06, ".971 to 1.06

CO CE
0 t0-14.32 .0 to-14.25
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‘Varfable Meighted E Linear - Gauss-
Least . Regression Newton
Squares N - : u
Py 283.40 283.40 283.40
Q- 126.20 126,200~ . 126,20
Pg . 16835 . 6152 ‘0.8
9y . 10692 BECR I 10714
Pe 58.96. .- . 58.96 e
%G, = 5000 33.20 © o000
P 7170 75.51 o 7iae
O -10.00 50.00 : 10,00,
£ 1680 12159 © 168
it 39.48° e 17.03 - 30.69
~Voltage' S ; e e -
Range .861 to 1.06 .961 to 1.06 861,
Phase . * L W e
Angle .0 t0-14.18 - .0 to'-1263 < .0. to -14.23 . .0 to -13.87
S ¥ ; :
Tyl e

at TABLE (5.24) ©

<% 30 BUS TEST SYSTEM LOAD FLOW RESULTS

- ACTIVE-REACTIVE MODEL ‘(COAL)

Marquardt
'283.40
126.20
‘162.85
107.38
61.07
50.00,
7572

-=10.00°

16.63
39.89

Powell

Regression

283.40
126.20

169.13

106,93
58.98

50,00 .

L7170
-10.00
15150
39.48

to -14.

to 1.06" 861 to 1.06" . .861 to 1.06"

18 -
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CHAPTER VI

| DISCUSSION AND CONCLUSIONS

v ‘Before we discuss the resilts obtained, 1t would be vmrﬂmhﬂe
to briefly sunmrlze the work carried out 1n"'the preceeding chnpurs

6.1 SUMMARY

rious mathanltin'l mdels describing. thz three power system - ’

decmposltfuns were chosen and a mmber of experiments (solution of
the load flow equat!qns) were carried out in the case of the network
models to obtain sufi%ic{ent data for the purpose of. parameter. estim-
ation, . For the case 9! source models practical data were selected
for the same purpose.’ Having glthund sufficient dl;l -for each model,
five well knm'purlm“ete‘r estimgfion algorithms were used to estimate
“the parunat:}s of interest. The models were then used to ul‘hmnz the

optimum power. generations of .the chosen test systems_for all them-"l

_ plants.  This was carried out as an extra measure to judge the-relative

effectiveness of each es‘timuﬁnn procedure.
6.2 BIECTIVE -

Our objective here lies in thz‘sﬂecﬁon of a suitable para-
meter estination algorithm among the five employed that would result
in optimum power generations with minimum cost, ‘and that these powers

when implemented’ into the original network should result in satis-
Tactory system performancé, ‘

rECRR




6.3 THE PARAMETER ESTIMATION ALGORITHS

Basically all the pahmte( estimation procedures employed in.. |
our work are similar-in that they all use a least squares nbjec'tive
function nhjlch’is minimized by a certain technique as outlined in
chapter-1I1.° Three of the five estimation algorithms, name1y‘the
Gauss-Newton; Mémuardt and Powell Regrésslon algorithms -are based on
Newton-Raphson's method of fteratfon. For these methods fnitial
estimates must be avénable. :The. results of the method aué;hted

Least Squares uere used for this ourpose

6.4 RESULTS OBTAINED

We shall discuss the estimated parameters first, then those
results that correspond:to- the optimal. conditions and- finany the
optima} conditions for’ different load settings. 4

A. THE SOIJRCE, THE B-COEFFIUENI AND THE ACTlVE-R‘EAC/TWE MODELS

£ [ The data basts for tables: (4.6) to (4.19) in chapfer. IV-iuith
the exception of table (4.10), were taken from Titerature (9). - The,
coefﬂ’ci'enté.[n‘, table (4:10) were obtained using the Teast squares
f : j b

¢ The results correspnndlng to the methods. of He{ghtgd Least

fit.

Squares and: Power Reression are nms: |dentlca'| in aH cases uﬂh
only slight varlatiuns.. This feature is on some. accasiuns shared

by the- theametheds of Gauss-Newton -and Marquardt‘ The ,method of #

"




10

Linear Regression in general gave different values for the parameters;

However in-some cases ftivesulted in values close th-those of the above | i
r_algord thns. ;

The néthod of Linear Regression gave higher overall errors in

'

general than any of the Dth!rwfuur algorithms :for the same number of
!xper:h»ents. " The methods of Weighted Least Squares; duuss-Nétdn "
I‘Iirgunrdt and Powell Regressfon in general  gave. n:lmost the same values -
for the overall error. Comparing: the computationa) tirie involved, 1t
was 'found‘mat the Gauss-Newton algorithm takes the h}ghést \gmputer
“time followed by Marquardt, Powell regression, Weighted Least Squares

and finally by Linear 'Regression» u'lg‘orllthm. As an example consider -

the case of the active-reactive power lns; model for the 14 Bus: test

systen, the overall'error and thé computational time are shown in the ,. :

following table: : ) R . :
Mzmod oF © L RCTIVE | RRACTIVE i
ESTIMATION - Overall CPU Tine Overal'l CPU Tirme. :

1 Error Seconds Error. . Séconds .

1. Unéar Regression’ . .427E-02 2.8 L917E-02° 2.4

2. Welghted'Least Squares ..153E-02 9.51 :*. ..31BE-02 -9.78 . 5 i

3. Powell Regresston . .M7E-02 10,33 . 3166020 1158

4, Marquardt Algorithm .lllE;DZ 17.66 . .329E-02 - 25.18 .

5. Gauss-Newton Method .1225;02 50.07 ¢ .3326-02 31.66

Fron the, foregoing 1t.1s evident that the best suited method
for.the purpose of parameter estimation among the five above would be i
that of Weighted Least Squares-and this may be checked and/or improved




P O L A

. test system., ‘the five esﬂnt‘!a

p v,cnsz of 011.

the pprametars estimated by the mebhods of Linéar Regression and

i e R : 105
by Powell Regression algorithm from the overall error and cmpututionﬂ
speed potnts of view,

8. THE OPTIMIZATION COHD!TIONS- THE B-COEFHCIENT mDEL

As shown In tables (5 1) to (5 3) 1n lrhnpur ¥ for the 5 Bus.
rithms gave. almstzsme

optimal r.imd‘luons.‘ The total ‘cost s nrnumi 1917.15 (4n the case of

Ml) The udmds nfeaus-nmon, Hlmuardt and. Linenrqcegressium

'wnverged to_the am-m solution 1n higher mnnher ‘of {terations than

" ithose correspu»d‘ng mm methods of He!ghud Least Squnres and Powell”

Regression. .

For th'\e case bf 14 Bus test sys‘tuﬁ, (tables (5.‘4) wr(s.s)).
the sane argunent as for the 5 fus systen above holds, furthernore
heru the esﬁruted plrumeters by the method of Linear Regression
resulted in no convergence The toul cost: 1% around 1950.00 for thz

" In the case of 30 Bus. test systen, (tahles (5. 1) to (5 9)),

Marquardt gave no cnnvergenca. ‘The uptimal solutions corresponding
to the nethuds of Weighted Least Sqnaus, sauss-ﬂmen “and Pw:\'l
Regressfon nre almost the same nnd alt mnvzrgnd fn about ‘the same
number of iterations. [The tqul cost 15 around 3313.12.1n the’ case
o dn. : "

" The op\‘.!mh.tinn mndiunns for the above ﬂlus test systems
were obul»ed with no constrn!nt vinhuans. ®

“
1

i
|
4
i
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3

. THE_OPTIMIZATION CMDIT[DHS THE ACT: lVE-REACT TVE mDEL

As seen fm tables (5.10) to. (5.12) for the 5 Bus, test systeu.
the nptlmu'l camﬂtions cor w the: five m

technlques are almost the same. The opﬂml snlutlon dle to, ﬂle meﬂlod b

nf L{Mur Ragress!m converged 1n 2 higher md:zr of Merlt‘lnns as e

- compared to. ﬁ!e other four algorithms., * The total cust 1s n’ound 1916 0 i
° . (for the ase of 011). No _constraint ﬂolut(ons were reoorded in thls

case. # E w
‘ |5
" In the case of 14°8us test systul (tables (5 13) to (5.15)).

\‘he Astlnud pnmtﬁs by the neﬂmd of Linear Negressinn gave no= o

5 q:n_vargence. The optlnal snlutinns corresponding.to the méthods of
& ieignud Least Squares and Powell Regression are ulmit the. same,.

Those norrespond'ng to Sauss-l!nton and Harq rdt algnriuns d1"er

'frqm the former l!thods. R

Al ‘the memods resuh.ed in violating the upper 'I‘Imit of the

reu:tive power generuﬂnn of’ 50 0 MVAR. (QGZ)' lmlch was ﬂ\en taken as |

the optimal vﬂln in, !ccordnv;ce with the Kuhn-Tucker comﬂtinns». : The«

Gauss-Newton -aigori thn gave the lowest value for the total cost(2922.43
in’the case-of 011), followed by Marquardt algorftim (2925,50). The.
methods of Heighted Least Squares und Powell Regre;shm gave the va'lue
of 2932 00. The opﬂmﬂ solutfons )hne to these lltter methods converged
ina lwer number”of iteratfons as wnd “to the former two mthuds.
Ve shall .dfscuss these results further. later. z7r

 Tnsthe case of. the 30 Bus test systen (ubles (5.16) to 15 18)).

[

ot




S A -
the r'eiu}ts _cor'respo@nd’lan to the methods of Weighted. Least Squares
'gnd Powell Regression a:! ‘again .almost ‘the same. The methods of ‘
Linear Neﬁnsiion, Gauss-Newton and Hurqnlrdt resilted in different

) ‘n;'::m1 strategles. Yhe Towestvalue for the total cost'1s due to
. "the method of Helgmed Least Squares arid Powell Regresslzm (3221.80 °
in the case ofloﬂ) as cmrpnred to-that of the Linear negressinn .
\chh is the highest value, The optimum soluﬂons due to the methods

of Neighted Least: Squlres, Gauss-Newton,’ mrquardt and Podell Regmss-;
Qon violated ‘the upper '|1mH: of .60,0 MVAR on Qg and_the Tower Hnlt

" ap ~10.0 MVAR on 093. That corresponding, to the method of Linear

Regression violated- the upP!r_ Timit of 50.0 MVAR on 053;""1%.
We conclude from the above that the-best suited parameter CoN
estimation method nﬁuld be that of Weighted Least Squares followed
; by that of Pm‘l Regression, ) "

6.5 NETHORK PERFORMANCE RESULTS .- e

“ We shall discuss first those optimm results cornspunding‘
to- the B-Coefficient model followed by those associated with the
nlctlve-ua:tive power loss model. ¥
A. THE B—CDEFFICIENT MODEL. .
0 The Toad ﬂw solutfons corresponding to: the above five
estimation techniques are shmm in table (5. 19) in chnpter V. The

"~ -case-of 011 was chosen here, It 1s observed that the voltages and

‘phase ingles are within practical pemissible ranges. ‘The highest
mismatch (due to all methods) is of the order of .173E+00 MW on Bus _

o
!
i




number 2. A11-other nﬁsmatchgs are Tower than this: value. - Comparing

_this model to the B-Coefficient model, it is' observed here that the .

lctiye-nact{ ve: model . gives better modél: performance,
In the case of 14 Bus test s}séem, the load flow ioyjitons

_corresvbnd{ng to the five parametér estimation algorithms are gfven

in.table(5.23)- {n chapter V. The voltages and phase angles are with-

in. permissible . ‘regions. "‘fhe highest mismatch. is of the order of
“8E-01 WM Gn bus number 2 and this: 15 due to Powel] Regressior,
Qowaﬁng these results to the B-Coefficient [lndél.!t 1s’ observed
that the actlv‘e-rgacti‘ve model gives much  Tower mlsm/tches and
hence better system perfnmanca.

In the case of 30 Bus t!st system, the laad flow results are
shoim in table (5,24). The vn'ltages range between .861 P.U to ] 05
P.U and the phase angles between -14.00 to 0.0 degrees. The hiqbes'.
misultch of .35E+00 MW on bus nunfner 12 {s due to the method_ of :

Weigh ted Least Squares.

hen we cumuare the load flow results. of. the 14-and" 30 Bus
test systems to the respectlve optimal_solutions, we find that the
react{ve power generatlnn on bus number 1 in each case {s different
(the active and _r'eacnve‘pmrs are not ‘entered in the slack bus in
the load flow algorithm).; The tatal. systen reactive pover. Tosses
areaiso diffepn!, (;unpqﬁng these results to- those obtained fovj'

~the 5 Bus test system led us to fnvestigate the'mtter further,




 number’ 2, which 15 rather high.
I ‘the :ase of the W Bus test system, the Toad flow. resul ts
. " o are shown'in tab'lv(s 20), A1'I the medmds aqﬂnuxhlb‘lt a1mnst the
" same load flow solution, The vn'ltnges and phas= angles are within.
permissible ranges; However it s observed that all methods nsulted
In'high misnatches, the highest betng of the order of 5.5 MW and 4.5
MVAR on bus numb;r 2 Ia’gnin the case of 011 was considered here). .

3 -
In the case of 30 Bus test system, the load flow results are

sh(mn‘in table (5.21). The three methods resulted W aThost 'the same
Toad flow solution. The- voltages.lnd phase- angles are within permissi-
able range and so are the mismatches. X

In conclusion for the above model, since al1' the methods (those
that converged ‘to 2 solution) gave almost ‘the sane 10ad flow solution,
. 2] our selection criterion ;lﬂlﬂd be based on r:he wer‘a’ll‘_ errm" and comp- .-

utatluna! speed during the parameter-estimation pro'ce'ss. _Erom this

’ po'lnt of view ‘the best suited memod would be that of Heiqhted Least

Squares -followed. by Poweﬂ Regress(on algortthm.

i i

B. THE ACT[VLREMTXVE MODEL 3

f : | The load flow cor to the five
‘teﬁmuques for the 5 Bus, test system are given in table (5.22) in

3 ) chapter V.. The case of Coal -was considered here. It is ebserjved that
the voltages and phase angles are within permissible Fanges. The .
highest 4m1smtch 1s due to that corresponding to the method of Linear
Regression ‘und is of thehorder of ;85E-02 MW and ,46E-02 MVAR: on bus

BT SN PR O
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6.6 ACCOUNTING ‘FOR REACTIYE COMPENSATORS

In our work so far, the reactive powers due. to éllose buses
which are not actual generating buses were neglected 1n the estination
pmcer. For examplé in the case of 14" Bus test system we have three
vol tage éegulnbed buses and these are :‘\uniurs 2,3 indt;‘. During the
estimtion pmceésg the reactive powers due to th’e‘cm!pensntorsv ori*

bus numbers 3 and § were negluct.ed. In the case of 30 Bus test system,

the voltage regulated buses are numbers 2,5,11 and 13'}" this case
the reactive compensation due to buses 5 and 11 were neglected in the
estim‘mon process. mm 1f we lcénunt for these reactive powers in
our active—reucc*lve pmter Toss model, we find that the mnde'l will have
to. be mdlﬂed to include these povers. - In doing so we shaH have 22°

- .paraméters “instead of 9 to account for 1n the case of 14 Bus test

system and 33 parameters |nst_.e|d of 16 1n the case of 30 Bu_s system,

We shafl consider the 14 Bus system only due to tine 14nitations.
Since ue have new coefﬂclents to account for, the load flow

equathms wm haved to be solved, this time not only changing the

active power generaﬂons but also changing the reactive compensators. .

For this purpose 30 extra: 108, flew experinents were carried.out. The

results are shown in table(6.1). - This' table fncludes the.prev!ous and
the ‘new exp!rhrents.
During ‘the estlmatlon pmuss 1t was found that some of me

“elements of ‘the matrices gp and ﬂq were negative. This is physically

- . Ny q
unrealizable (up to now single precision on IBM,370 was used). Using



g P
No ., MvaR
1 14.02 30.12
% 15.87 36.50
i11.83 21.18
15.28 32.30
15.28 34.43
. 11.19 20,62
14.23 30.80
14.98_33.40
s ‘13@7.19
© 10 13.16 24.18
TR TR TRR )
9468 14.36

W e N e e A w

o e
R =

. 12.89 26.26
1
15 13.19 27.29
‘16 1289 25.27
1. 1.9 20.87
18- 11.71 20.90
19 12.24 24,33
20 11.45 71.45

=

11.05 19.45

3 &

TABLE - (6.1)

AE.P. 14 BUS TEST SYSTEM ~
LOAD FLOW RESULTS

C A )
232,90 1.3 40,00 50,00
264,80 7.9 10.00 50.00
192,81 3717800 40.3
261:40  -9.46° 13.00 50,00
286.6 495 19.00 50.00
169:74 5,33 /100.00 41.21
2374 173 36.00 50,00
249.9 3.83 24.00 50.00

230,60 . -7.68 . 42,00 49.84

224,16 -13.05 48.00 45.70.
173.59‘ 4.3 96.00 42.57
118,72 -16.08 150,00 " 50.00
211 .24 60.00 50,00
167.06 . =10.78 103.00 49.72
2175 . .55 54.00 50.00
208,88  -.04 .66.00 50.00
198,99 -8.05 72.00 35.2
189.70 © -2.74 '81.00 .39.84
184,61 2.5 87.00 50.00

177,00 "3.61 93.00 43.%

U3

MYAR

39,05

40,00
30.08
3322
40.00
34,33
9.4
39.83
32.24
27.20
34,33
40,00
36.33
39.93
37.07

35,60
2659
3097
3730

343

Oeq

WAR
++=6,00

-6.00
. 8.00
12,00

=6.00

=6.00
-6.00
-6.00

6.00
18.00

-6.00. -

6,00
' -6.00

=6,00"

~6,00

6,00

20.00

7.0 - £

«6.,00

1 =6.00,.

1%




@

4
42

10,95
10,74
10,88
10.23

-10.28

9,95
9.82
10.02
10.60
12.26
12,88

12.76

12.52
12.40
12,17
12,27
10.37
12.26
12.24
12,07

9.54

9.30

9.58
11,02

18,11
18,35
18.73
16.45
15,59
1.27
14,89
15.66
17.81
43

26.26

2%.85

25,03

24,60
o
23.83

24,17

16.95
2.4

24,35 °

23.48
1.4
11.76

1298
' 19,03

TABLE "(6.1). CONT. -

163,96 "+11,03
157,75 -11,83

160,85 . 11,43

11.26 -13.95
w27 539,
1%.94 7,58
12485 -15.50
123,05 -14.68
153,62 -12.51

18186 3.11
a1
2,51 .12
23.33% -.10
200,48 © -.21
195,33 -.40
197,63 -31
15,95 -13.82

181,96 . .3.10
.89 2.8
192:95  -.48
9,04 39.53
106,83 27,35
120,12 24,94
167,54 -13.36

106,00
112,00
109,00
128.00
120,00

“132:00
. 144,00
136,00

116.00
90.00
60,00
62,50
67.50
.25

- 75,23

73.00
123.45
89.89
87.78
71.53
171,51
161,50
148.50

102,51 -

50,00 40,00
50.00 40,00
50,00 40,00
.77 9,95
2.36 .27
1538 21.40
.00 4.00

56,00 40,00

9,74 %.94
50.00 37,86
50.00 3.33
.00 3.02
5.00 35.42
50,00 35,08

50,00 34,48

50.00 34,75
49.76 39.95

-50,00 37.84

50.00
50,00

-6,00

=6.00 .

-6.00
-6.00

14.00

17.00
-6.00
-6,00
-6.00
-6.00
-6.00
-6.00

6,00

-6,00
)
=6.00

- +6.00

-6.00
-6.00
-6.00
-6.00
3.00
2.00
1.00
~4.00

et

i
i




us

5 10.% 16,17 18845 18,38 12261 50.00 4000 200
4 12.24 22,38 203,23° 6,55 68,00 42,8 29,50 . 10,00
4 12.78 24.27 18849 137 83,00 S0.00. 3655 -5.00
4 9.65 14,74 100.65 3817 16800 -5.06 3245 4,00 ; :
© 11.42°19.20 184,05 34 86,35 3290 -28.00 ¢ 15.00 :
0 9.24 12,28 96.40 -20.40 171,89 50.00 39,90 . -4,00
512,32 25.47 1907 3158 8048 24.80 3002 -6.00 °
52 12.67 27.45 187.78 . 60.80 8A.00 -5.20 3320 . -6.00
5 12.30 25.73 186.1° 4277 BA.% 13.00 312 ~6.00
B 1L.97.21.62 190.66 2771 8028 .M 23,00 26,00
65 13.38 30,63 184.92 9193 . '87.% 3800 3800 -6.00
5 1252 26.79 186.8 56.63. 84.45 -2.80 ‘3820 6.0
S 12.89,26.28 1889 MA® B2 12.60 3006 60 J
58 13.46/31.03 18560 93:99 B6.76-38.00 37.10 “-6:00
B 12,40 26.11 188.47 8431 B2, 1190 3L -6.00 ¢
60 12.45 26.40 187,25 50.08 84,05 = 450 3318 -6.00

NOTES TO THE ABOVE TABLE x

1. Bus number 1 is the slack bus, = ot e i
2, Buses 1and 2 are generating buses. ‘ )
3. Buses 2, 3-and 6 are yoltage regulated buses.

4, Reactive power on bus nmber 6 is given number 4 for Ennvenienéa.v
5, +40.00 £ Qg,¢ 50.00 - ; S )
0.00 ¢ Qgy¢ 40.00 . o
-6.00 s Qgg ¢ 24.00
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‘A

‘A‘iwme precisfon however resulted in positive values for the elements

of the matrices A and Aq.Tables(6:2)and(6.3) show the results obtained.

When the results of Weighted Least Squares were used as inftiat guesses

for the methods of G Newton and Marqui and double precis
used 1t was found thatthese datter-methods consumed considerable
computer time (of the order of 5 to.6 minutes C.PU time),.and there-

fore for thgse methods slnah precision was used, The Powell Regre-

ssfon in double precision gave l'lm_st the same result as that of

He’iqhte& Least Squares so d!d Gauss-Newton in single pnclﬁiunl
Marquardt A"Igorlthm gave different parameters. The Weighted Least

5 Squares and Powell Regression (double precision) took about 24.00

seconds C,P.U tfme (fn the case of active component parameters). Gauss-

Newton and I‘iarquardt (single png:(sion) took 75.0 and 127 seconds C.P.U

time resp y. - From these cons we shall use the results

of the method of Weighted Least 'Squares for: the optimal solution.

THE OPTIMAL_SOLUTION

The opéinm'l solution corresponding to the method of Wefghted
Least Squares for 14 Bu's(ust system (the new coefficients) 1s shown _’
in table (6.4). Comparing these results with those of table (5.14)
in the case of oﬁ. we find that the optimal strategy 15‘ different.
The total cost in'this Case is:2917.52 which 1is lower ‘than the nid
value of 2932,24 (011). In this case the upper limit .of 24,00 MVAR
On bus number 6 was violated. ' v
Implementing these pmeré into the original network. gave us




Para-
meter

Ko
Epp1
Epp2
Epgq1
Epgz
Epga
Epgs
Fopy

ez

Pp1a

Ao1a

A2
Pp23

BT

Pp33

"oy

Bp12
Bp13

TABLE (6.2)

“AEP 14 BUS TEST-SYSTEM ACTIVE-REACTIVE MODEL
14 SYSTEN ACT
ACTIVE COMPONENT PARAMETERS

Weighted
Least
Squares
W= 1
~.5656E+00

.2398E400
+2179E+00

: =.2538E-01

-.3721E501
18216401
.9347E+00
.1353-01

" .8273E-02

.1227E+00
.6426E-01

.1395€-01

+1360E+00
.6953E-01
.3546E400
L2334E+00
17008400
- 1284603

+3891+00 -

‘Linear

*.Regres§fon

- J5067E400

+2002E400
L2207E400
L3596E-01
.6978E-01
1585E401
L7657E+00

L1257E-01
-.1008E-02 -

+3635E-01
.35826-01

- 2558602 -

- +2626E-01

+3018€-01

1759400

L9773E<01
+1001E+00

" .49586-02

.2987E+00

*.6auss=
Newton

- .5656E+00

.2398E+00
J2179E400
-.2538E-01
-.3721E-01
+1821E401

+9349E+00

1353E-01

8273E-02 .

1227E+00

-+6425E-01
.1395E-01 °

.1300E400
.6952E-01
.3546E+00
(2334E400
.1700E+00

- 12B4E-03

.3891E+00

Marquardt  Powell

ression

2206E+01 ~,5656E+00
L1741E401 - ,2398E+00
J1300E401 . 2179E400
T214E401 -, 253BE-01
LS595E401  -,3721€-01
LS13BE+01 *,1821E401

us.

.8551E+01 - .9349E+00 .

LA874E+00 < [1353E<01

-.2321E400 - .B273E<02"

JJ276E-02. - ,1227E+00
-.3047E+01  .6426E-01
-1160E+00 " .1395E-01

L2082E-01 -, 1300E400

"\ =.3259E+01 . .6953E-01

JB700E401  ,3546E400
~417Es00 . .2334E400
-.4253E401 ,1700E400
- 2106E400 - =, 1284E-03

L1298E¢01 38916400




Bpus
Bpa3
Bpoy

2015E400
@
3B71E+00
L20M4E+00
6001E-03

TABLE (6.2) CONT.

JHTSE00

« 30126400
-1428E400
~5984E-03

5

20156400
L3871E+00
.Zﬂllimp
7126603

+,3806E+00
1

.1831E+01

14528E+00

J514E-03

© 116

12015400

" 3871E400
014E:00

L6001E-03




Para-

neter

Aea

Aua
Sz
Bz,

TABLE (6,3)

n

AE.P 14 BUS TEST SYSTEH ACTIVE-REACTIVE MODEL'
REACTIVE COMPONENT: . PARMETERS

Weighted  Linear

Least uag‘nsﬂon 9

%nrs s
24106402 -,3332E402
-;l764£002, . 2026E+02
23006402 ,1008E+02
~.8367E401  -,7906E+00
-.96B3E401  -.1820E+02
L2761E402 1.79,94546:
JA48TEH2 |, TODAED
.3898E401 -, 1695E+01

LABMEHL |, 1661E400
J6427E401 | 1442E+02
. 7331E401 +4810E+01
J5799E401 .1816E+01

+6740E+01 .lG97§+ﬂZ
.B208E401°  ,EB62E+01

1009402~ ,3387E402
(11336402 2628E402 .
2286402 L JABOE40?

=.1860E-01 {‘-.IZBBEHH
.7610;?01 J2196E+02

Gauss-
Newton

12009E+02

© -,1768EH2

- 2340847
- 67401
- 9683401
J2161E402
MBTEN?
\3898E40]
484001
$427E401
\T331E40]
JST98E401
6781401
8207E+01
\1009E402
J133E402
12288802
~.1860E-01
JT610E+01

Marquardt

- 1172403
- 3453E+01
~.3253E+03
- 1322E+03
= 1006E+03
- 53056403
- A750E+03

-2 2177E402

. 82706402
-. 14966403
-.33106+03
1069E+03

-.3181£+03
B 1396[}'01
=.3507E+03
=.7169E+03
-.3306E+02
~6084E+02

- 1794E+03 |

Powell
Re:

gression

+2410E402

= 1764E402

-.2339E+02

" BZGS&DI

=.9684E+01
2761402
L848IE+02
3898E401
.4840E+01
64276401
JJ331E401

5799401 - *

167416401
8208401
+1009E402
11336402
228802
-.1860E-01
(76106401



.- o s

| TARE (6:3) coNT.

Bpug  1I0AEWZ - I6BES02 . 1IMECO2 < +,3032402° ,1104EH02
S934EMI L223EH LGOMENOL, 7802 (693401

B3
Brog - +1100E402.  .J997Ew02  .1INEHO2 . ° .53748402 . ©.1100E402
By W7ISEONT IGI9E-01 |, 198E-01 - XZOR-01 . 1718601




OPTlW.M ACTIVE-EACI’IVE DISPATCH OF A.E.P 14°BUS TEST SYSTEM

Variable

Pp

%

PGy
%1
Paz .
%2
%3
%4
f
o

< A

e o

fo

s

TABLE (6.4)

FUEL-OTL

“ 259,000
7350,
o 167.360 -
10,880
103.030
33.3;2
N : 8.370

1] 24,000 .

1. 390
3007 .

E 9.870
458
2917.52
2017.52

1370608

+2070E-01

1220601

Weighted Least
Squares z

i

e T

s




TIBLE (6.5)

- 147 BUS TEST. SYSTEM-LOAD FLON RESULTS

ACTIVE-REACTIVE MoDEL (011)

" Variable
Py :

Q.

Pa

%
Py
< Qg N
%"
Qg
By

Q
Vol'tage:
Range

Phase
Angle

Weighted Least’
Squares *

29,000
13.500
166.930
5.310
403,030,
1., w300
8.300
2,000

10,980
17.830°

.988 101,07 -

0 to-14.70

120,




.
! % o TABLE (6.5) CONT. .
- - LA C MISWATCHES
{ o« W Bus No, | Mo
| F ol 400005 -.a:;:: E
! ; 2 04030 00250
3 -.0240 +.00062
g , S R " .08 ¢ o0ss0
, 5 L -.00134] - -.00263
‘ o6 v 60Ma 00055
| 7 -,00023 .~ .00040 '
: B o0
9 : 0334
) ; -.00269"
- ) -.00?59
S =.00151
B 00037 .
T i
i

12




.+ Para-
~meter

KLop

Epp2

Epp3
: ) Epq1
P2
Epo3
Pon1
o1z

Po2z

Ap3z:
. Bor2
B
Bo3

Eov

Eppy’

Pp13

i N T

. T T = Unit matrix,

3 ¢ i
s ~123 s
TABLE .(6.6)
30 By TEST SYSTEM ACTlVE- REACTIVE PARAHETERS E
ASTIVE : REACTIVE
vetghted Para- o Weighted
Least . y meter Least
- Sqmlsres ; “y Sa:?res
SBZIENL T K | 1307401
-.5311E+01 ey -.B184E+00
=.3642E801 Egpa -.6758E+00
-.6311E+01 3 -.1268E+01
-.21056401° L L4323-01 .
. E ey
-.1063E401 . . Fooz +4508E-01
£ =.36208401 [ -.3271E+00,
11010E+01 A .1831E+00
6O4TED. Aotz .Izaomu"
1428000 A3 .1752E400
.8284E+00 A2 .9947E-01
.B4T2E400 - 3¢ Ay +1413E+00
J1488E401. - %, Agss L4278E+00
.84B1E-01 ) * L 1075E-01
=+ 1159400 ‘ : By -.12448-02 0 ¢
-.1803E+00, - - Byos - -.1031E-01
.3595E-02 5 Egv .1817€-03 P




g

/ phase angles have improved and so have the mismatches.

the results shown ‘in. table’ (6.5) for the case of 0il.

.. Tt.is obsefved from the above table that the voltages and

6.7 THE 30_BUS TEST SYSTEM (RECONSIDERED) . E T

Looking back at the estimated coefficients showri in tables )
‘(8.18) and (A 1‘3). e see that some of ‘the elements of tfe mat\qjces
gp and ére negatwe this is physically unreaHlab!e since these

are’ cosine functions‘ Using double preciswn resmted in positive/

* values for the active and reactive cnmponents. The method of Me;ghted

Least Squares was' only considered here due .to time Timitations. - Results

are given in table (6.6).




6.8 CONCLUSIONS P : ’ s

From the fav:ego‘lng. 1t ‘appears that the best suited parametér

estimation procedure would be ;h.:t of‘ue(ghuﬂ Lea‘st Squares. This
may be ch;ckzd and/or impioved by the use of Powell Regression
algorithm, from the ov:ra'lfermr. computational speed and sy;tan
performance pulnt‘s of view .. It is suggested that double pmclsipn
should beuusmr;s this resulted 1”» much heéur system performance.
It-is also observed that the systa_n-perfpnu‘lnc'g improves when the

'sysm is represented by the nétive-reactﬁe power Toss m@\rau-er

than the B-Coefficient model. -
Further work ‘should be’carried out to investigate the role of
the raqctivé compensators and their impact on the network performance.

Care should be taken when carrying out the loa;l flow experiments to

" include a w!de range of a.ct'lve and reactive power genzrat!oné (4nclud=

ing the reactive compensators), to avoid 111.conditioning of _tt?e

resulting equations.
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APPENDIX A

DERTVATION OF -THE POWER.LOSS FORMULAE

-
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7 oo, * DERIVATION OF THE PONER LOSS' FQRMULAE

P

*(I) THE ACTIVE-REACTIVE POMER LOSS FORMULA

Consider the active-reactive power balance equation in complex

form. for m generating units
m Bl

LSy - S et (A1)
s T i ] 4 _
where ;

S, is the total comp1ex wnér-loss of the network, §G+ 15 ‘the complex

power genernﬂon of unit f and S; is the total comp'lex power. demand.

ue maywrite aquatlon (R.1) as follows

m N ;
PLEIQ T T By + i) = By * Bhy) e (02)

- where

P .and QL are the total activa and rea:ﬂve power losses of the system

respecﬂvely.

The subscripts 6 and D stand for generation and demand respectively. |’

Let be the “bus vn’lzage and current vectors “and Iy bé the bus

impedance matrix then

I

G qu # iy weanasyussesazfBal)




-
; 327
4 '
\\!a‘lu»' I | ¢ ceeesia(A7)
3 R

I3 is ‘the conjugate of the vector component of -current.

Substituting for Vg in equation (A.6) we obtain
. -
P Tz T L
T T : :
Py =Lk i, 1R+ 3% ] [1p -‘,qu] corasesasa{A9)- |
] . 4

e T
since Zg = Zg «

. . o
| Simplifying equation (A. 9) and :quatlng rea'l and Amaginary parts ve _
obtatn the following : ) '
T T 5 :
LRI LR : . ceesesasess(A10) -
and E ! . !
T :
QL LY XD . . cesetasanes(Aill)

Since only bus powers and bus voltages are usually known it is pract-
ical to eliminate the current quantities in equatfons(A.10) and (A.11)

and express PL and 0L in terms of bus powers and bus -voltages,

.
Py VL . ; cevereenen(A12)

Vq = | Yy [ Cos &5+ jSin gy ] ] ...‘...(A.‘l;!)
where LA is the power angle at bus 1.
Substituting: for ‘V; in equation (A.12), then,

3330 = 1 vy Lo REULETS £ S S PR (R )




_Cos ¢4 we obtain-an expression for I, hefice, - -

Equating real and imaginary: terms we obtain :

Py= 1y | Cos & lp'¢s|n's| To ] . aeea(AL15)
= vyl [shy 51‘1 + Cos 6y T Tt Tw ) ‘........,..(A 16)"
mnﬂplying equation (A.15) by Cos &; and equatfon (A.16) by sin &

add!ng and rearranging we obtain :

N (.8 17)

st = 0Py Coss‘+Q‘Sin6|]/[V‘| ’

similarly multlply{ng eqnat(an (R.15) by Sin 8y and equation (k 16) by

g4\ [ Py Sin 8y +:0y Cos 831/ | Vil .« . (A.18)

Putting equations (A.17) and (A.18) 11} vector form we get the foﬂov_ling

Iy =cp+DQ ' s ceereenenen(A29)
g < 0F - Q. (a.20)
A

whereA ¢

C = diag'[ Cos g, / l‘l 13 ang, crveenanaad {R21)

D= diag[Stney /15 o o° : A.22)
substituting for _Ip and L‘ into equation (A.10) we have,

T
PL=[CP+DQIR[CP+DQ]

A.23)

multiplying through, rearranging and w‘ttlng in a matrix form we have,




demand as foilowis: -

: T
PR Q] By,
(28
Q
Let ;
T T by
Ap=CRC+DRD o .(A.25)
x ; T | s
, Bp=DRC-CRD, - ) " ....‘...........(A.ZE)
equation (A.24) then becomes : .
ToT |
Pi=l2 2174 5. e :
L(A.27)
. I - TR N R

where ) )
aggp = Dy Cos(8y.2 890 T/ Vil Vil enndiiinn i (A28)
and, : : 5y o

byt rigSInsy - 8 T4Vl 1Vl - «(A.29)

Partioning’ gﬁz vectors P and Q in terms of generation and-

demand we have, |

T T : i s :

P=lB -P] Boe Fou T e siesee -+ (A.30),
and, )

T T ) . l . .

Q=00 -%1 . Sy .....(5.3‘1)

parthnlng " the matrices &,‘u‘nd B in terms of genération and




i 4

bearing. in mind- that EP 1s ‘square symmetric matrix with AP L_AP »
s . 2 T
and B 1s skew symmetric matrix "m,! Bp =~ gp .
In a similar manner we write an expression for QL as.follows :
: T T .
9 = Kog*[Ep - Egql [P }

“Bogg] [ 2

- T & ;
% 1 s

Boo6 -

g
+Pg
. 3 eeeeena(A38)
Rogg] | % kﬁ
g(; and QG are vectors of active and reactive power generations resp-

ectively.
"It should be noted that the coefficients appearing in the

above expressions for PL and OL én functions of time.

(11) THE ERAL LOSS FORMULA

<
In order to genera:e’an expression Vfor PL' the, following

assumptions are madgﬂcoﬁcernMg the network operation :

(1) At any‘busbar' the ratio of reactive to active power gmrazlnns

remains cnnstav;t. 5 ’

“(11) At any busbar of the network the loads remain a constant :miiex

fraction -of -the total load. L

(ii1) Bus voltages remain constant in ma'gnfl‘tude and phase angle.
Assumption (1) implies that: ;

“ U6 = Qgie* 4 Pt , o ¥

..{A.39)
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e
| Bees B
o= . !
v
Bopg - Aem
‘and, : 5
X S Bra
LN N A.33)
5 | B0 Beoo

. Substituting the partitﬁneﬁ vectors and matrices into equation
(A.27) , multiplying and rearranging will result in the fo“m}(nq exp-

ression @ ‘
v LT T
Lefor v LEp Epgd [Pg

y L%

To T . A
0P G 1A ~Bpgg| [ B

L Y £
where: 0 - . 2 i ‘ -
Epp =2 [ B G- Bpgp Bp 1+ Geenlh38)
and, )
Epg = [ Bppg P Pppg 8 1 » e cetenead(A36)
.- and, ‘
T, o1
qor D2 %[ A Bl B] -
’ v (A

Boop - Bop|| %
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Considering the above assumptions we may wriL‘ the new coeff-

fctents as :

T T
B=RApee tE Apgg £+ 2F Boco s Hasswsshvaa(ATI0)
¥ T y
By = Epp *20g [ihpgg B+ Bpgg 1 # Epg F\y
g :
and £ ot ;
7. b I .
Ko = KLop * %olpee %o *Epg Yo AR L )
where i
B o O ‘ .«(A43)
and i
Fediag[f1.. " ] !

" Collecting terms: we .obtain the general loss farmula, hence .

Tt o
+ Pg B Pg,- N (X )

T
L= %0t Pg By
B is a square symmetric matrix.

Another, way of Writing ehuation- (A.45) is :

B, n nm
L= Ko * 5 B0 Por* (DT Pay BygPoy o

=1 j=1
where m 1s the number of generating units.

B
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TRBLE (B.1)
5 BUS TEST SYSTEM-OF STAGG AND ELSABIAD
IMPEDANCE AND LINE CHARGING DATA ey g

LINE DESTGNATION  RESISTANCE'P.0  REACTANCE P LINE cHaremns .0

1.2 0.02 o006 0.030 |
vos T omte o lea T e
2 3 0.06 Lo eas ! otgéu
2 4 * 0.06 o Toas )
2 5 . 0.04 o 0.015 c
3 4 om 0.03 0,010

5 0.08: ) ' , 0,025

* . Inpedance and 1ine charging sn‘asceptgnée in per unit on a 100°MVA °

base, Line r.hargiv}g ‘one«ha'lf,of the, total charging of line. .




v s TABLE (8B.2).

o '5'BUS TEST SYSTEM IATA OF STAGG AND EL-ABIAD R o B
OPERATING CONDITIONS ~ ' - r

BUS ' . STARTING BUS VOLTAGE  , GENERATION' LOAD

NUMBER ' Magnitude Phase Angle .
' © . Per Unft * Dgrees WOMAR MM WVAR
a¥ 1.06 0.0 0.0:  0.00 0.0 0.0
2 i1 -1.00 0.0 ° 40.0 30.0° -20.0° 10.0 .
3 1.00 9.0 . 0.0 0.0 45.0 150
4 .00 0,00 0.0 0.0 40.0 5.0 .
5 .00 . 0.0 . 4 0.0 0.0 6.0 10.0 .
“ REGULATED BUS DATA 0 ‘ ki
Bus - Voltage Magnitude . Minimum - & Maximum
Nunber Per Unit " ‘Mvar Capability - Mvar Capability
2 1.047 & -10.0 50.0 - \
" TRANSFORMER DATA ¢ g
No Transformer Taps
b : SHUNT DATA
% “No' Shunts
/s : .
* Slack Bus. : . ) ]
7 %, it 7




TABLE (B.3)

" AGE.P.: 14 BUS TEST SYSTEM

IMPEDANCE AND LINE CHARGING DATA

12 201938 05917
W S 205403 22308 P
23 04699 19797
2 4 .05811 7632
2 5 05695 .17388
3 4 L06701 v.x'no:,\ »
8 5 s o
4 7 . joooo0 . ..20012,
i, 9 00000 | 618
5 6 ,nf)nno . 25202 :
6 .11 ..09498 .19896° ;
6 a2 a0 d © 25581
st eesss o v
78 R Y5
e . .00000" | .11001
b doy o 03181 08450, .
9 a4 saz © 7 .2r038
011 08205 T lea7,
2. 13 - L2002 1988 1
13 18 L oam0s 802,

* Inpedance and Vine charging susceptance in per unit on:a
base. . Line charging dWlirhalf of ‘total charging of Tine.

.0264
.0246

0187
L7
L0173
L0064
0000
.0000
0000,
.0000
..;mao

0000

~ " LINE oEsTawATION  RestsTance p.0 © ReacTance P8 LINE cuaReING P.0

oz

=N

100 MVA -




—

i

BUS

Number

" TABLE (B.4)
A.E.P. 14 BUS TEST SYSTEM
OPERATING CONDITIONS
. STARTING BUS VOLTAGE . GENERATION ., Lo
Magnitude Phase Angle

Per Un1t  Degrees MW WAR MW MAR
s’ o0 0.0° 0:0 0.0 0.0
1.00 0.0/ T M.00 0.0 2.7 1.7
100 0.0 0.0 0.0 98:2 19.0
100. . 0.0 0.0..0.0 47.8 -3.9:
1.00 s co. E 0.0 0.0 7.6 1.6
L0 L 0.0 0.0 0.0 1.2 7.5
L0 0.0 " 0.0 0.0 - 0.0 0.0

T o0 - o 0.0 0.0 0.0
~1.00 0.0 " 00 00 25016
'11.00 00 0.0 00 9.0 5.8..

e o 0.0 0.0 3.5 18
Il.Dﬂ‘ 005 0.0 00 61 16
1.00 0.0 20,0 0.0 13.5° 58
1.00 0.0 0.0 0.0 ‘1.9 50

REGULATED BUS DATA

Voltage Magnitude - Minimum Haximum

“Per.unft . “Mvar Capability Mvar Capability

L5 X R 50.0




TABLE (B.4 )LCONT.

3 1.010
B 1.070

Transformer Code:

-
0.0
-6.0

TRANSFORMER: DATA

e
Tap Setting

w0.0

2.0

138

4 7 978
i a9 | 1969 ,
s 6 ! T es2
STATIC-CAPACITOR DATA
N Rebeded
3 N Bus Number Susceptance Per Unit
9 . t 190

i % Slak bus. e

- Off-noninal turns ratfo, as determined by the actual transformer N

tap_positions and the voltage bases. -In the case of nomtral “turns
ratio, this would equal 1.0. ‘ 3

*** Susiceptance in per unit.On 100 MVA base.
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TRLE (B:5)
i ALEP. - 30 U TEST SYSTEH '

IMPEDANCE' AND.LINE CHARGING DATA

LINE DESIGWTION RESISTANCE P.0 ~ ReacTace P37 LINE ciaInG p.0_

Ve 092 0575 0264
I W@ 0452 1852 . L0204
2 4 s a7y e
3 132 .0379 0042
2 5 Szt ess e 1209
2t 6 . 0881 1763 i .0187' s
46 0019 . L0414 0045
57 60 a6 L o
67 0267, Los20 .
T nzo - 0420 0085
6.9 000 2080 0000
51 4 w0 5560 0000
9 1 000 080 . <0000
9 10 - 000 1100 - . o000
412, 0000 - 2560 L0000
2o © w0 L1400 0000
TR as31 " 2559 0000
215 . T : 0000
7 1 s e 0000 o

1. 15 20 00 aee7 0 L0 &




i
5
i
v
i
1
i
i

26
26
27
28

28

»

TBLE (8.5) CONT

0824

2073
0639

1320
1885
L2544
21093
0000 -
L2198
L3202

-
.2339 X

0636

L0169 -

.1823
2185
1292

. .0680
12090,
" b5

L0749

11499
" 0236

.2020
.1790

.6027
4533
2000
0599

/i

0000
.0000

0000 .

.0000
0000
0000

0000

0000
‘.0000
0000
.0000
.0000
0000
.0000
0214
0065

*+ Impedance_and line charging suscepianoe Tn per unit on a 100 MVA *

base:

Line charging ong-half of total charging of line.




) i R0
TABLE (B.6) :
AE.P. 30 BUS TEST SYSTEH. -
OPERATING CONDITIONS - /
) + . BUS *'STARTING BUS VOLTAGE GNERATION  LOAD
a NUMBER . ~Magnitide Phase Angie
Per-Unit  Degrees . M. MR W MV
;. .06 - <00 00 L& 0.0 00
‘2 1.00 0.0 .62 =25 . 2L7 127 ¥
3 1.0 /0.0 0.0 000 . 2.4 1.2
4 100 ¢ 0.0 .~ 0,0 0.00 7.6 1.6 -
5 . 1.00. 0.0 0.0° 0,00 942 19.0
: 6 1.00 0.0 0.0 0.0 0.0 0.0
7 1.0 0.0 ' 0.0 0.00 2.8 10.3
8 1.000 . 0.0 00 0.00 30,0 30.0
| 9 1.00° 0.0 . ° .00 000 00 0.0 it
10 .00 0 0.0 - on 0.00  58. 20
u'. 1.00 0.0 0.0 000 0.0 0.0,
i 12" . 1.0 0.0 0.0 0.0, 1.2 7.5
13 "1t 00 7045 50.00 0.0 0.0
W 1o 0o 00 0.0 62 16
15 1.00 0.0 0.0, 0.0 82 25
16 " 1.0 - 0.0 00 0.00 35 1.8
17 s 1.00 0.00 " 0.0 0.0 .-9.0 5.8
18 1.00 0.0 00 0.0 32 0.
19, 1.0 0.0 0.0 000 . 9.5 3.4




- b 182
g 1 ~
5 - TABLE (B.g) CONT:
s - 00 n.o/ <. 0.0 0.0 2.2 07
Lo Lo - " v‘o".n 0.0 0.0 17,5 11.2
. 2 CMe Y00 T 0.0 0.0 0.0 0.0
¥ a . 1w 0.0 0.0 0.0 32 1§
u Lo oo 0.0 000 | 87 67 - ]
%5 -1.00 ( 0.0 . 00 00 0.0 00 . i 5
] Lo |0 0.0 0.0 3.5° 2.3
70 .10 o0 T 000 000 . 0.0 0.0,
B 1.00 0.0 0.0 700 0.0 0,0
! T 1.0 0.0 %0 0.0 2.4 0.9
- 0 Lo .00 00 00 106 19 |
i . 4 7 TRMNSFORKER DATA'
; Transformer Code’ | Tap Setting™ :
_‘, ’ A = A “ ' RCE
1 = 6 s i 4 .978
l &, 6 10 i 969
1 28 27 "‘: .968 ik
STAfic CAPACITOR DATA )
) ’ 2 " “Transformer Code " + .Suscgptance Per U;;: 2
10 ‘f - T '
v 2% r/;’ : Lo . j
* Slack Bus. L CLh |
o Off nnmln‘al‘ transfomer ratio, as determined by ‘the ;cma! tran;for- a . }
mer tap positions and the voltage bases. In the case of nominal 4
transformer ratio, this would equal 1.0. B
p #*** Susceptance in ‘per unit.on a 100 MVA base,
‘ 7 |
|
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s

and the value of Y is efther estirated or calculated from :-

3m 2 DO/ 3Q) 7 (130 [P )]0 (€




“For ﬂue activesreactive model , the reactive baner generations are. »

*-approximated as.:

144

N

INITIAL GUESS ESTIMATORS ~

. The avaﬂabiﬁty of good starting estimates for ule‘ Newton- . : &
Raphson based algorithm of fer the advantage of computational speed
[53,54 ]. - For our purposes two procedires for gemerating such guess=. |~ ‘
es are given below. k

PROCEDURE (1)

The :set of ‘equations (5,12) and (5.13) for the B-coefFiclent ¥
l ; .
model’, avd (5.22) 'to' (5.25) for the active-reactive power Joss model
given 1rf chapter'(V), are solved for Pg and/or '—’G and 96 assuming

appropriate values for A an&/nr Ap and xq as the cnse'vmay be.

]
PROCEDURE (2) : . |
In this method, the initial estimates are obtained on- the

assumption that the transmission power losses are negIeEted. The

variables are determined as: follows :
m mo-1 '
b = [2pp+( ‘:1 By/vy )‘]/ [‘51 Vil o eeemineenlCl)
' \

satisfying the active power ‘balance equation.
The optimal ‘active power generations are given :

ST A S RS :

4 =Py (Q/ P )
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