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Abstract
A systematic procedure is developed to locate  reactive
power device in g power system bgsed on a sebt of indicns that are
basedon over all system conditions, After Identifying the desired .
locations,the cost of installation and nimbér of reactive power
devices,subject to any required pratical and real - economic
constrains areminimizew-Existing controllers are fully utilized
before Adding any new devices., Linearize sensitivity
rellationships of power systems are used to obtain an objective
funcktion for minimizing the cost of 1nsfallat10n The constraints
inclide the limits on dependent variable (reactlvepowersof 'the
geqerators,load bus' voltages) and control variables(generator
voltage, tap positions,switchable reactive power sources). A
parametric linear progfamming technigue based on active set
analysis 1is proposed to solve the reactive power allocation

problems.
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minimize
F = ClTAVe  + C2T AQ. + C3T AT
subject to = limits on tomtrol variable
Ave min <= AVe <=AVa max
AQL min <= AQ_ <= AQ. max
ATmin <= AT © 4=AT max

’

limits on dependentvariable

A Ve min <= Jie *AVe + J * AQL + Jo+r i" AT.<=AV1_ max
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LUNBUUURY generator voltages,var sources and 'transformer tap @y
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NRU URE
AVe : vector of change in generator voltages
AVe :vector of change in load voltaggs
T A TTTTivEector Tof” changein transformer taps T -
A Qs tvector of chénge in generator reactive powers

AQ_ :vector of change in 1load rgactive powers
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Teble 1. LP. Results For 6. Bus

Variable Limit Taitial state Final state
lover ’ upper: Full leoad full load

conbrol(p.u.?
V1 . 1.9 1.1 T1.9580 1.9783
V2 1.1 1.15 11989 1.10849
taps, 3 9.9 ) 1.8250 1.725g
Lapd, i ¥.9" &3 1.180@ 1.1690
Q 4 g.9 — ). e 7.3980 9.1195
Q3 .9 g.z ———— A\ —-———
Qs B.9 g.2 LS ) Lt
Qs “.0 9.2 \"ed i S
Dependent (p.u.)
a1 ~g.2 1.9 @.5449 B.2650
QZ ' ~g.2 1.0 @.3332 9.2529
V3 £.92 1.0 ;@.864@ 2.9228
Y B.¢2 1.9 9.9550 ERRTRRY. B
V5 ‘ %.92 1.9 8.9049 3.9259
6 @92 1.8 3.9370 B.9650

gysten Loss (MK) " . 11.3264 §.9269
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. fbstract A systematic procedure is developed to
lccate reactive power devices in a power system based
on a set of indices, that are 'based on overall system
canditiong., After identifying the desired locations,
the cost of installation and nurber of reactive power
devices, subject to any required practical and reatl
econagnic constraints are minimized. Existing control-
lers are fully utilized before adding any new devices.
Linearized sensitivity relationships.of power systers
are ysed to obtain an objective function for minimizing
the cost of installation. The constraints Include the
limits on dependent variables(reactive powers of the
generators, load bus voltages) and control. vari-
ables{generator voltages, tap positions, switchable
reactive power sources). A parametric linear program-
ming technique based on active set analysis® is proposed
to solve the reactive power allocation problem.

INTRCOLCT ION - P

The purpose of a reattive power? allocation study
is to determine the minimum atount of reactive power
addition required at selected buses ta' get a certain
voltage profile[l]. Many papers [2](31(41(51{6][7](8]
have addressed titis important problem. A camon
approach is to assurs
buses based on engineering judgemrent, and then try to
rminimize the nutber of locations and the amount aof
reactive power required at each,

- 7 - Savulescu{9] proposed three system-wide Indices
related to steady-state stability, voltage control and
real power loss. Even though the indices are based on
heuristic techniques, these indices coupled with. engi-
neering ‘judgerent can give better locations for reac-
tive power devices. This paper proposes an- overall
reactive power allocation procedure that is based .on
these indices with sare rodifications.

K The paper is organized as follows: £
_ +Analyzing sensitivity of steady-state

pregssi

stability,

gned lcocaticns at certain:
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.voltage and total real power loss with respect -to .

reactive power. A new voltage performrence index is:

proposed.
- .Ordering load buses for possible reactive power con-
trol. s . -

_ JUsing the abave orgfered locations a pararetric lin-
ear programing method{17] is used to minimize bath
the amount of reactive powdr and the nurber. of loca-
tions, 5

~

SENGITIVITY PELATICNS AR LOCATICN

The first step in optimizing reactive power con-
sensation, proposed in this paper, is to select a loca-
tion for a reactive power device with respect to stead-
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y-state stability, voltage control__and__power _loss.
Taking into consideration the above three factors, load
buses are ordered for a possible reactive power con-

trol.

STEADY-STATE STABILITY: The steady-state stability
of a power system can be: estimated by using load flow
analysis [10][11]. For: the asskssrent of the stability
limit and the corresponding stability margin, succes-
sive changes' In initial operating conditions are made
and the. stability of each changed condition is veri- .
fied.

- The changes in operating .conditions can
obtained by one or a carbination of the following[1l]
Increasing-load and. generation at certain nodes of
the network.

2; Redistributing generation between nodes.

3. Reducirg voltages "at specifled nodes of thé_ sys-
tem(deficiency of reactive volt-avperes in a part
of the system{. ’

The stahility' of the changed system is verified by
noting the sign of the deteminant of ' the Jacabian
-obtained from a“load flow analysis by Newton's method
{10]. The system Is stable if the sign of -the detemmi- "
nant for the new operating point is the same as that of
‘the "initial operdting point, otherwise the system is
sunstable. Here, davwping of the generators is_peglected,
and power_P_and voltdge” V[ are_specified for_sech s

.

be

T 7 Uslng the above criterion the ‘effect of reactive
power change on steady-state stability of an example é-
bus, Ward & Hale power system is studied. Bus 1 is the
slack bus, bus 2 is a PV bus and the ‘reamaining four™
buses ard the load or PQ buses. At. each load bus,
inductive resctive power is changed in-steps until the.
system becares unstable {i.e .determninant of Jacsbian

‘changes it's sign). The relationship between the deter-

minant and reactive power change at the load buses is
shown in Fig.l. Fran the graph we can see:that, if the
change of {nductive reagtive ‘power at bus 5 is more
than O.6 p.u, the systam becaves tnstable. Whéreas ‘at
bus 4, the reactive power can vary up’ to 0.9 p.u,
‘before the system becares unstable.’

The term d3/dV ‘(the change of reactive power with
respect to voltage) also gives stability .nfommation
[12]. The passage of d3/dV through zerd indicates the
begining of instability., t

The nodal difference equation for bus powers In
matrix f:):m' is given by[18]:

{APII. . }aP/as. aP/av] }A&l

b= _ 111
hQl  pQ/as aG/avilav]
\ . ; . #a,~ (1) )

Generally, it is considered that aP/aV=0 and 3Q/268-0;
Tnis is the phénarenon exploited In a decoupled load
flow algorithm{13]. Then ) ’

o
.

(2)

‘ ..‘ - .

For smll changes in AQ and AV, the diagonal sle-,

ments 3 Q;/aV; represent steady-state stability indi-""
ces[9]. If:tgne generator buses are eliminated, Then

- IiAbL]‘:-[:aQL/,laVIJ[AVL]‘. o

(9] = bQ/aVI[av] SR
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where subscript L indicates that only jdad buses are Here the diagonal eletents of J,i.e. J;; give

considersd. information aboyt the voltage variation at bus i, if
, the reactive power at the sare bus is changed. Off
VARIATION OF DET. OF 3 diagonal elarents Iy i give information about the volt-
age variation at bu¢ j, if reactive power at bus i is
e ] j: changed
Hiooes 2 For the 6 bus exatple, the effect of reactive
008 power variation at locad buses on voltage change is
,:zlmsam_—: given in Figs 2 to 5. They give -voltage variation at’
T all the |oad buses with respect _to reactive—power
5008 change at a particular load bus. The slou_e__n_t_a_uohtage—-
o cmxm powar_change “at
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Fig 1: Reactive Power vs ODet. of ‘Jacoblan. TRy
For the previous 6 bus exarple, the corraspondmg o.u-i' ; \ i X - ,
‘dlagonal elarents ~ for buses 3,4,5,6 are 0.00 0.01 g.02 0.03 0.04 0.0s
[6 85,10.66,3.99,6.80] respectively. The minimum value , neacilie pondlr. v
-is 3. 99 Mnch corresporids to bus 5. The maximum value o Xeoe . V A ’ . .
T is 10. 66 and corresponds to bus 4. These coincide with - , aad
. the prevtous expllmt stability anlysis. That _is, the :
Bises which hdve highervalues of 3@;7/aV; can withstand, SO TS INR W A 3 e NSt e
_Trore variation of inductive reactlve ower before the 3. VOLTAGE VARIATIEN AT BUS 5. ; -
" prsef 6f systen Ins y carpared to the buses which 4 YOUTAGE VARIRTION AT BUS 8.
* have lower values of 391/3Vi- The’z;gigg_e___Lf__Loaé—busas Fig.2: Reactive Power at Bus 3 VS Load Voltages.
are ordered according to incredsing mmgnitude qf the . L
diagonal Jacobian elerents, t the,.;e,suLLﬂLLL_he_a_.load-—. The location of the~ reactive power device for

‘bus vector that aceounts for ad

-state stabilit voltage control should be decided in such a way that
= ~-—~=—the result affects as many buses as_possible. _For this
- s=lky,kpy o= . - k) . - (4) a voltage performance index (V.P.I) is defined as fol-

lowss —

where kl,kz, . . "kl are load bus nurbers. The corre-
sponding weight . factor vector is

(V.P.1) ;=N ;- (6 );

M'(?

ZIC

° J A

Where: wey> Weo o« o o> Wy ' (V.P.1); ~--- voltage performance index for the ith bus
. ) (N:R\d)i ---- nom of the ith colum of matrix

VOLTAE PERFCRVANCE INCEX: The main objective of (GO ---- standard deviation of the.elarents of ith

W, =lwgy Wepre « o o o e sy ] {5)  whe

reactive power. control is to mmintain a desired voltage ) column around’ the average value.
profile on the system.Fram equation (2), the expression ie load buses.
for change in voltage (aV) in tenms of change in reac- The .reactive device locations are ordered based on
- tive power(aQ) is, . the above index. The higher the vg\jue of (V.P.1) the
1. better is its vt ta e conTrol capabllity. For corpati-
roe e \% [avl=[50/av1-1Rq] * ~ . _(e)_. bility (mﬁ) must be no‘m'—eyllzed. T?l;rips is
i ) ' "7 TTachieved by’ dlviding (bdM) by sum of “the-nomms at all
Again, sliminating the generator buses ~-- the load buses, and also ) by. sum of the standard

deviations at all the lcad buses.
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. VOLTRGE VAAIATION AT BUS 3.
. YOLTAGE YARIATION AT“BUS 4.
. YOLTAGE YAAIATIOM AT 8US §. -
. YOLTAGE YARIATION AT BUS 5.

Fig.3: Reactive.Power at Bus 4 VS Load Voltages.
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The location vector for reactive carpensation,

taking into account the voltage perfomrarce index, is
threrefore; *

(9
(10)

VF[IT?I,(T?,. * e e o o & s o & ,‘“11

\Kl=[vfn1’vfn2" o o o o o ,Vf.nl]

where 3+ « - 4m are load buses ordered according
ta decreasing value Q

! ;VaPL.l). and e o e g
are—conrespond»r__g”welght factors. W'W' Vi

REAL POMR LCBS. The effect of reactive power var-
iation at the load buses on system losses, for thd . 6
bus exarple, is shown in Fig. 6. For a small change, in
reactive power, there is a linear relationship between
reactive power and total. reactive power loss.

The relanonshlp between the increrental loss: ,and

the Jacobian is given by[lls],. ’f H./pf

laP /25 | la P /aPl

- = 0T 7. ?P»,/aé)

bR /avl bR AGI (11)
Then

}a PPl R, /aal :

O Ty R -

: laP,_/an_ laP /av1 (12)
Fran this

R Al (35 ,'%.alla"L/“}

bR /vl (13)

Where 43 and L4 are sub matrices of fry-1



he “desired index 3P, /aQ can be obtained by.first cal-
ulating 3 P /a6 and aP/aV. )

If generator voltages.are maintained constant, the
hangs in loss due to d.change of reactive power at the
cad buses is giyen by[15], '

¥ LR 1=loP /e 1BQT -« Voreomsl T ()
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Fig.6: Reactive Power VS Po%er Loss.,.

LR

Accordingly the magnitude of 3B 758 influences
he real power loss. This gives rise o, a third vector
or locating reactive power compghsation that is given
y ordering the load buses according to the magnitude

fap_/oq_.
The location vector, taking into account the mag-
itude of 3P faQ , is’ it .

e e
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$[5,6,3,41 ; W,=(1.0,0.8,0.6,0.4] 7 ~

v=[6,4,5,31" ; W,=[1.0,0.8,0.6,0.4] /¥

L=(s,3,6,41 ; W=[1.0,0.8,0.6,0.41/

In this exarple all the indices are given the sare
weighting, and in each index the buses are given dif-~
ferent weighting. Now ordering the buses according to
the total weighting{deperiding on the order of -the bus,
the corresponding weight in each ITndex has to be added
to get total weignt). =

The final order is.
N, £05)6,3,4]
The corresponding weight vector is
w={2.6,2.4,1.8,1.6]

One¢ need not give the sare weighting to all the
indices. Depending oh the priority of the function of
the carpensator, one index can be given more weight
than the other. Practical constraints can also be
included. For exarple, if a certain bus location is not
feasible
be given

The
mize the
minimize

zero weight for all three indices.

next step in overall optimization is te mini-
nurber of these: locations and at the sare time
the size of each installation. :

FREBUEM FTMULATIGN

The reactive power 'allocation, problem can be for-
rmulated as a lipear prograﬁni.qg(L.P) problem, including
generator, voltages, transfotmer taps, and .switchable
yar sources as contgdl variables. The L.P'problem can

e expressed as:

/
.« . % -
minimize o, | L4 ®
F=C ) 700, 17)
A Lo KA .
subject to: limits on contre! variables
& Vamin $8Y6S Vo
A Qmin $AQ ¢ AG mmy ‘ -
CATmin SATXAT o (18)
limits on dependent variables . )

for the cavpensator, the corresponding bus can,

" AGGrin¢ doge Vo AL Tor s T6a Qamax T T () —

S T P T 1) (15)
V{_=[Wll,wlz, L ,W“j (16)

here 17,15, + . . »11 are load buses in order of pref-
rence, ané Wi1aW[2re, ¢« W]} are corresponding weight
actors. - .

FINAL. CFCERING: Three location vectors fdr reace
ive carpensation have now been determined. They -repre-
ent the effect of different locations on steady-state
tability, voltage profile and power loss on a system-
ide basis. ) . '
™ For this 6 bus exarple, the ordering ‘is as fol-" -
ows : . -

* * » ’
AVimin€ e AVGt A 88 Ara TS Vi (20)
1]
where C;,C,,Cy are cost vectors of appropriate dimen-
sions, associated with varying ‘the generator- voltages,
var sources .and trdnsformer taps respectively, and

AVg: vector of change in generator voltages

AVt © vector of change i’ load voltages.

AT vector of change—in transforrer taps

AQy: vector of .change in generatar reactive
> powers

AQ ¢ vector of change.in load reactive powers.

: * 2w
The matrices (Jp3 W ,. . .,JLT') in equations

(19) and” (20)-cam-be-obtained -fran the nadal- difference -

equation for the bus powers(l), including taps as foi-
tows? o Lo ! )
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(21)
cause only optimization of reactive power dispatch is

ught, it can be assured that A P=0. Fram.equation (21)
pressing A8 in terms of AV and AT and sinplifying :

BQI=[3gi 3 1IaV]
¢ JQJTlATl *

paratingAQ in termsd of gemerator reactive powers and
ad reactive powers.

N
hg |

(22)

|
%33 Sell qsr';ﬁ\;:l
lne 3 i T

(23)

en rearranging the above equation with. the control
riables (AV~,AQ ,AT) on the right-hand side and the
pendant vartables (A%'AVL) on the left-hand side, we

'43: 43_ Eed ::AW3}

Linear programming techniques can be applied to
lve the abave problem. The solution can be obtaired
ther by primal or dual methods. The 'basic difference
tween the two approaches .are{16]:

Primal Methods:An initial feasible point is deter-
mined and feasibility is maintaired fram Iteratlcn
to lteratlon, so that the process converges toward
an optimal point. £
Dual Methods: The dual algorithm starts with
optimal feasible solution to a subset of the probla"n
constraints, and at each iteration introduces: a new
constraint into this subset while maintaining opti-/
mality and feasibility, until all violations ha)é
been remgved. A\

R d

Gene~s!ly dual algorithms are considered to have
vantages ror power systems applications[16]. But hére
new primal algorithm based on active set analysns[]J]

’,/ suitable for di al caTputer impleTentation.’ leferent
| steps lnvolved ln this process are: 7‘1
{ N

" 1, Perform a base case load flow solution.

/2. Check the performance, If the voltages are within

applied to solve the problem. It is equivalent’ Cln"
Tputational aspect) to a Simplex dual method. So 1t‘

tains the dual algorithm's greater suitability for
ver system problm and also it has the addltlonal.
vantage of being a primal method:

! PARAVETRIC LINEAR FRORAVMING

e e

—O'u.:e the optimal solution of the location
obtained, a pararetric L.P'is used to decide:

How much reduction in reactive power limits{fram
added capacitors and
without affecting the cost function.

If the reduction in/reactive power is accarpanied
by an increase in cost function, how far the reac-
tive power can be reduced such that there is a net
reduction in cost.

The pararetric L. P Is forrulated as{173%

: nud(](c+:q)7x 7T AXbetp } A " (25)

* all t with trnin < t < trrax? whera
A : (m,n) matrix

{

V.

SHET 3

AX

inductors) can be obtained’

proble-q
~

mz nurber of constraints

n: nurber of control variables
c,q,X: vectors of dimension n

b and p: vectdrs of dimension m..

Then if the above problem has an optm'al solution
for tzlzlw1 such that every critical value is non-degen-
erate, then the pararetric algorithm teminates after a
finite nurber of iterations with critical values
tnin=toSti<e ¢ .Ctyand vectors hy:;hy:s j=O,1, .- .
TinT e L eh that[171: 1372
1. Either t=t , or (25) has no optimal solutlon for
any tity
For ]=Ol, e oo Y=L X
solution to- (25) for alt’ t wit
w

Here X is a control vector which includes generator
voltages, taps and switchable var sources. no
corresponds to the orlglnal L.P problem defmeé by
equations (17) to (20)

Since the Interest is in reducing the reactive
power limits cgrresponding to added reactive soupces at
load buses, the vector q is zero and all elerents of

. vector p are also zero, except r.hose corresponding to
added reactive sources. . . .

. X2
- X

BN DIGITAL SCLUTION ALCRITHM™

7z

It is now necessary to carbine the location vector
ordering and P algorithm into a smgra procedure

limits stop. Ctherwise go to step.3.
3.a.Calculate aPL/aq_ and voltage performmancé index

(V.P.1). Y

b.Ordera P, /aq_ and V.P.1 in _decreasing order of mag-
nitude. Identify steady- -state stability indices
fran Jacobian and sort them in increasing magni-
tude. Also order correspondmg load buses for each
index.

c.Give each of the indices a weighting factor, and
also” give decreasing weighting. factors for each
load bus.

d.Get overall order of the locations for the load

t' -..busgs,taking into account 'the total weighting of,

each load bus for all the three indices.

4. Use existing reactive power controllers, if any, to
rectify constraint violations. [f all thé con-
straints are within limits, stop. Otherwise go to
step 5. .

5. Include n, shunt reactive pawer devices at ny_ lead.,
buses, using the order found in step 3.d. If there--
are no more violations go to step 7. If nl>r}mxp,__ -

. stop. Otherwise go to step. 6.
; 6. Increase n] to ny+k. Go to 5. (k Is a constant. )
1 7. Use parametric L.P to reduce the size of the shunt
kN reactive power sources.
8. Modify control. varlables, (6r_state varnables) per-

~—fo rk.load flow study.- dnd go back to step 2.
SYSTEM STUDIES

The developed methodology is tested by ‘solving two
test systarms. These systems are the Ward & Hale 6 bus
system and the modified IEEE 30 bus system. The data
for both systews can be found in reference[18]..

6 BB5 SYSTEM : Here buses 1 and 2-are generators
and the remaining 4 are load buses. There are 'two tap
changing transfomers. T

el "

.
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Table 1. L.P Results for 6 bus system

......................................................

. the capacitors.

Variables Limits Initial state Final state
--------------- full load .full load
lower upper

control{p.u) .

vy 1.0 1.1 1.05CD , 1.0105

\Z 1.1 1.15 1.100 1.100

tapg, s 0.9 1.1 1.0250 1.0250
tap, 3 0.9 1.1 1.1000 1.10D

Gy ! 0.0 0.2 0.000 0.1195

Gy 0.0 0.2 o.0 D o.0o

Qs 0.0 0.2 0.xm [sXeuss

Gg "0.0 0.2 [sXunss) 0.0

dependent (p.u .

Gy 0.2 1.0 0.3440 0.2650

Q, 0.2 1.0 0.3330 '0.2520

V. 0.92 1.0 0.8640 0.920

VZ 0.92 1.0 0.9550 1.000

Vs 0.92 1.0 0. 3040 0.9250

Vg 0.92 1.0 0.9370" 0.9650

System loss (M) 11.3260 9.90D

Table 2. Paranetric L.P Results for 6 bus system
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Here p vector elerents corresponding
to buses 26,28,23 are -1 and others zero. Vector q is a
zero vector. The upper limits of t and the correspond-
ing cost values are given in Table 4. Fram the table,
the size of capacitors at buses 26,18,23 can be reduced
by 0.15426p.u fram O.2p.u without affecting the cost
function. There is no feasible solution if the reduc-
tion is more than O.1765p.u. Fram the table it can be
seen that increasing t (reducing reactive power limit)
increases the cost function. Therefore knowing the cost
associated with t, the.algorithm can be stopped if

NCAtAF (28)
where .
At: .change in upper limits of t
. N,: nurber of Barpensators planned
C

: cost per unit increase inat
: FiaFy

Table 3. L.P 'resqlts for 30 bus system

......................................................

bus

at t=0 cost function (F)= 0.13995._» A\/GaAQGTATVI
- - V.

.....................................

Upper Limit of Corresponding Cost

t{p.u) function(p.u)
0.050% 0.139950
0.1056 0.158255

For this system as previously outlined, load bus
order taking into account all three indices is

* Nor

All the three indices are given the sare weighting.

For a given full load condition there are two load
bus voltage violations at buses 3 and 5. At first gen-
erator voltages at buses 1&2 and the tap setting of the
two transforrers are used to rectify the situation, but
ther_!_._.P,\ql:gpl;,i,tlmhsugge_sts'addi_ng capacitors at buses
3,5,6 to alleviate the §ituation. The results are given
in Table 1. Then pararetric L.P is used to reduce the
size of the capacitors. Here p vector elerents corre~<
spond to buses 3,5 and 6 are -1 and others zero. So t
gives the amount of reactive power reduction. Vector q
is a zero vector. The results are given in Table 2.
This tablp”shows that the capacitive limits at buses
3,5, and 6 can be reduced by O.0806p.u fram O.Zp.u
without affecting the cost function. there is no feasi-
ble solution if the reduction is more than O.1056p.u.

[EEE 30 B SYSTEM: For convenience in this
application, the buses are renutbered such that genera-
tor buses are fr 1 to 6 and the remaining 24 buses
are load buses. There are 4 transfomrers with tap chan-
gers. -

The load bus order for reactive power locatign by
taking into account all three indices is ’

=[5:6037a] (26)

N, =[26,18,23,30,24,29,19,22,14,21,20,17,25,10, 16, -
15,27,9,13,12,11,7,8,28] : (27)

-

- For a given full-load condition there are 9 load
voltage violations (at buses
18,19,20,21,25,24,26,30). The L.P algorithm suggests
adding three capacitors at buses 26,18,23: to get all
the voltages within the limits, The results are given
in Table 3. ~ _

Again parametric L.P is used to reduce the size of

Variables Limits Initial state Final state
--------------- full load full load
‘lower upper :
control{p.u)
1.0 . 1.1 1.05C0 1.050
2 1.0 1.05 1.0338 1.0338
V; 1.0 1.05 1.0230 1.0386
V4 1.0 ﬁ.lo 1.0913 1.0913
V5 1.0 .10 1.0058 1.a058
Ve 1.0 1.10 1.C883 1.0883
taP13,9 0.9 1.10 1.0155 1.0155
tapys'ig 0.9 1.10 0.9629 0.9629
tapjyl1z 0.9, 1.10 1.0125 1.0139
tapyg'z7 0.9 1.10 0.9583 0.9583
Qg 0.0 0.20 0.c0D 0.00%5
Gy3 0.0 0.20 0.0o0m 0.0458
Gyg 0.0 0.20 0.00m 0.00D
‘dependent (p.u)
Q1 -0.30 1.C0 0.0153 -0.0445
g ~ 0.0 0.50  0.0621  0.1534
Q; 0.20 Q.59 0.1580 0.3448
Qlt -0.20 0.0 0.3305 0.2961
Q5 0.06 0.24 0.0555 0.a078
Qg 0.0 0.0 0.4192 0.3750
Vo= 1O TEOF, L0086 - - 1.0102
V8 1.0 1.4 1.0288 T 1.0342°
. V9 1.0 1.04 1.0288 1.0355
Vo 1.0 1.0 1.0113 1.001
Vi1 1.0 1.04 1.0233 1.0299 -
VIZ 1.0 1.04 1.0346 ; 1.0400
Vi3 1.0 1.0% 1.0169 1.0263
- Vllz 1.0 1.8 1.0158 1.0230
Vis 1.0 1.04 1.0080 1.0170
16 - 1.0 1.08 1.0174 1.0243
vi7 1.0 1.0 1.0076 1.0159
V18 1.0 1.0 0.9849 1,027
Vis 1.0 -1.04 0,9851 1.xo
Vo 10 1.0 0.9508 1.0042
Vo1 1.0 1.08 0.99%0 1.0081
sz 1.0 1.8 0.9997 -1.0089
Vo3 1.0 1.08 0.9965 1.0064
Vou 1.0 1.04 0.9899 1.000
Vas 1.0 1o 1.0034 1.0153
Vog 1.0 1.00 0.9855 1.000
27 1.0 1.0 1.0206 1.0323
V28 1.0 1.04 1.0123 1.0231
Va9 1.0 1.06 1,007 1.0123
Viag 1.0 1.04 0.9892 1.8
System loss(MV) 7.46200 7.448200



L]

le 4. Pararetric L.P results for 3O bus sysfa‘n

at t=0  F 0.06699
Jpper Limit of Corresponding Cost
tlp.u) function(p.u)

0.1542 D.066950
0.1554 0.067150
0.1592 0.067730
0.1620 . 0.068210
0.1711 * D.089770
0.1736 0.0982CD
0.1761 0.110370
0.1765 0.114990

‘ QOB IS

A systematic approach has been developed to decide .
ocation, size and nutber of reactive power devices
red in a power system,based on system-wide indi-<
These include a new voltage perforrance index to.
e reactive power corpensation for voltage control.

in-corbination with -paramdtric programming  is

ed to find the minimum nurber and arount of reac-

pawer. The dverall algorithn permits, incorporat-

arbitrary practical and econamic .constraints 'so

engineering judgement can be factored into the

sratically optimized lecation and sizing process

reactive power carpensation.” )
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