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~§.~TR~CT 

In this paper the hourly optimu. operatin& stra tesy 0/ the 
fixed and switched capacitor banks are studied. The hourly 
optimum fixed and switched capacitor banks is determined. The 
effect of switchins time on the optimum sizes of banks is 
presented. The effect 01 banks location on the feeder is also 
illustrated. 

Study shows that the maximum optilDUIII bank sizes lor a fixed 
and swi t ched bankes are 1500, 767 KVAR. They are located at nodes 
4,8 on a leeder . 

[I!.TR0f!.UqIOI!. 
Power capaci tors have been improved tremendously over the 

last 30 years or so, partly due to improvements in the dielectri c 
material s and their more efficient utilization and partly due to 
i mprovements in the processing techniques involved. Capacitor 
sizes have increased Irom tbe 15-25 EVAN l'anse to the 200-300 
EVAR l'anse (capacitor banks are usually s upplied in sizes ran&ing 
from 300-/800 EVAR). Now days, power capacitors are mucb more 
efficient than those or 30 years ago and are available to tbe 
electric util ities at a lIIuch lower cost per kil ovar. In seneral, 
capacitors are gettins lIIore attention today than ever berore. 
partly due to a new dimension added in the analysis : change out 
econOllli cs (/1 . 

Kilovars, as well as kilowatts. must be provided to the 
customer as psrt of a utility's electricity. service, and tbe 
analYsis or the technically most desirable and econolllically most 
attractive "ay to supply this reactive power requirelllent is OD 

of the system planner's objectives. Where as the kilowatts can 
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supplied only from an energy source or power plant, kilovars are 
8utomstically produced as well 8S consumed by the electric 
net"ork itself . This. of course, results from the inherent 
shunt-capacitive and series-inductive characteristics . of the 
transmission lines. FOT this reasons planning of tbe reactive 
porer supply is subjected to a greater range of system variables 
[21. 

A technique is developed for solving the voltampere reactive 
(VAR) compensation problem under uncertain operating conditions. 
The technique employs chance-constrained progrslDIJJing (CCP) , and 
transforms tbe problem into a standard linear programming 
problem. In providing optimal allocation of VAR supports. busbars 
with unacceptably high probability of violating voltage limits 
are identified and assigned appropriate chance-constraints. Two 
cases are considered using the new technique. In the first case. 
capacitive compensation is evaluated for peak load conditions. 
Inductive compensation is considered in the second case, assuming 
light load conditions {3}. 

A proposed methodology for finding the degrees of series 
capacitor and shunt-reactor compensation is used to increase the 
power transfer capability of the over-head power transmission 
existing rights of way and to get adequate control of steady 
state voltage and reactive power requirements. This methodology 
is based on assumed system design criteria and takes into 
consideration several schemes of compensation [4}. 

Results of transposition _tudy carried out on the 654 Km 
Muja-Kalgoorlie 220 Kv radial transmission system are presented. 
Voltage control and stabilization of this network is achieved 
with the installation of three saturated reactor type static VAR 
compensators. By suitable line transposition. it is shown how 
vol tage imbalances a t the s ta tic vol tage capac i tors 1 oca t ions can 
be reduced to ensure minimal negative phase sequence current 
loading on the saturated-reactors [5}. 

In this paper the hourly-optimum operating strstegy of the 
fixed and switched capacitor banks are determined. The capacitors 
are connected with a radial feeder supplying a time varying 
loads. 

fg~~-EQRWULA!£Q~ 

A problem here is a determination of optimum fixed and 
switched capaCitor banks. The capacitors are connected with a 
radial feeder supplying a time varying loads. The feeder consists 
of 9 sections is supplied from a substation. The time-varying 
loads are varied through a day period. They are connected with a 
feeder through it's length at each node. 

Grainger and Lee are proposed a .ethod for de terming optimum 
capaCitor size to minimize energy loss in the leeder. They have 
proposed that the connected load to the feeder have fixed 
values during a day period. In this paper the ' optimum fixed and 
switched capacitor sizes are hourly determined for a definite 
locations on the feeder. capacitor sites were changed and new 
sizes ·.ere clliculated. 
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Let Ii and N be the sets of indices.~ of fixed and s"itched 
capacitor banks. respectively. If the l bani: is s"itched one, 
it "ill be represented as ifIi.N. Let LP and LE denote the peak 
po"er and energy loss reductions "bich resuJ t from the 
capacitor' s placement. Then LP is given by (6,7]. 

Fig. I Ca pa c itor locations And current ratings ca rry subscripts 
number ed 8S s hown. 
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The enersy l oss reduction can be "ri tten in the torm ot 

, IF' n , 
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j "" 

Where 
Ifil (I.) is the time-varyins reactive lo.ad current over the load 
cycle of duration T at the substation end of the normalized 
equivalent unitorm feeder of resistance r ohms/unit length 
1C Interva l over ."hich switched banks are operated 
F(x) The normalized feeder rea c tive current fun ction (6,7J 
F(x) - '"..sT ~1. I(r ) / 10 (1) 

and, for continuously distributed loads 

• 
F(x) af II" )/].0 de , 

k 

r =-c :: ~ L r< (4) 

Where 

L is the length of section i in meter 
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r\ is the res i stance in ohms of sec t i on i 
H. is the per unit distance measured Irom substation to a point i 
on the leeder and is equal to: 

(5) 

.lJ.al = l). .ri /rJ - 1JJ 

.lJ.a is the total length in meters of the equivalent uniform feeder 

, 
~ = i&i:l[).. ri / rj (6) 

Wh ere n is the resistance of the option section j 

QETE~I~1I[O~QE-Ig~Q~II~~N!~IZE~ 
If the locations of the fixed and switched banes. 

switching time 01 the switched banks is predetermined. 
sizes can be determined by solving th~ following set 
equations for Ie: : 

and if the 
the bank 

of linear 

[N] [Ie] = [D] (7) , 
Where Ie - [lei, IC2, ••••• [cr.] is the n d imens i onal col umn 
to be determined. the n-n matrix and the n-dimension 
vector D are given 8S follows [8]: 
For i ~ j, 

- Jj. (If; + Xo T) if bo th i and j .. 1/ 

(8) 

fj. (Il> + K. 1'» other"ise 

and lor i < j 

b; (KP + Eo T) it bo th i and j e M4 

(9) 
- hi (Il> + K· 1» other"ise 

h 

D< ~ I-(Il>' K· 

- (Il>' 8l> 

T [,0) f I.: Jg F(>I) dx - Eet/2 r if K e ",., 
• h, 

1b IJg) Io [g F()() dx - Ke:=/2r if K <Iii N 

vector 
col UllUJ 

(10) 

The constants KP. h , ~t. ~g and T are chosen as 10110"s: 
/fp = .l29/T"/day. &;. = 15.i1ls/KJf1l. fi:, t - S l.S/three-phase KVA,R 
~ = S 6/three-phase KVAR, T D" 24 bours 
II is the daily load factor 
II ... is the s"itched load factor 

EWI!Sl!1!!I 
The hour by hOUT ti xed and 

determined by using the [0110"ing 
switched 
steps: 

capaci tor sizes are 
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START 

Read load data lor different nodes and different time 
through the day period and feeder data 

I 
Select a switching time 7b I 

I 
Calculate per unit length 
of the feeder sections 

( equ .S ) 

I 
Calcu late equivilent leeder 

resistance (equ.4) 

I 
Calculate substation load .t 
eacb hour. 10 • suaaation of 
reactive loads tor 9 sections 

I 
Obtain the peak value at substation 
react ive load and the instant p.. .t 

"hi ch it occurs 

I 
Calculate the load factor 
and s"j tched load factor 

Ca lculate the normalized reactive current 
density function for each section and 

each hour (eq.3) 

I 
Calculate the optilllUJa fixed and switched 

capaci tor sizes at this instIJnt 

I 
Change the instant and repeat the calculation I 

Change the s"itching ti_e and repeat the 
calculations tor each hour 

Stop 
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The problem is prograrDllJed for different values of a 
s witching time.~. and different locations of a fixed and 
s witched capacitors on the feeder . Results of calculation are 
r epresented in the family of curves. These curves illustrate the 
optimum fixed and switched capacitor sizes. 

Fig.2 represents hour by hour optimum capacitor size for a 
fixed and switched capacitor in EVAN against time. Th e fixed 
capacitor is connected to a node number 2 "here switched 
capacitor at node S. The switched capacitor which is operated 
during peak period operates for 3 hours (s"itching time). 
Figs.3.4 are illustrated also the optimulII capacitor sizes tor 1Q= 
3 hours and the locations of fixed capacitor at nodes 4, 3 and 
the switched capacitor at nodes 8 and 7. The three figs. 
represent that the maximum capacitor sizes (fixed and s"itched) 
occurs at a time instant 23. The maximum fixed capaCitor s izes 
are 3233 . 3333. IBIS KVAR and the maxilDum switche d capacitor 
sizes are 400. 467 and 1074 respectively. This means that the 
optimum locations ,for this switching time. for the fixed and 
s"itched capacitors are at nodes 3 and 7 respectively. Fig.S.6 
are represented optimum fixed and switched capacitor sizes for 
switching time 11 hours. The loca tions of t he fixed capacitor on 
the feeder are at nodes 4, 2. B where switched at nodes Band S. 
The maxi.um fixed capacitor sizes are 1500. 3367 KVAN and 
switched capacitor are 767 and 367 KVAR. This lDeans that the 
opt illuJIII pos it i on • for 7b ;:. 11 hours • is fi x ed capaci tor 
connected to Dade 4 where switched capacitor is connected to 
nodtl 8. 

Fro. all figs. , the optimum locations and optimum s"itching 
time are fixed capacitor connected with node 4 and switched 
capacitor with node 8. The optimum sizes of these capacitors are 
1500 and 767 KVARS respectively. 

The operation strategy of the banks for different sites 
on the feeder are shown in fiBS. 

In this paper the optilllum fixed and switched capacitor sizes 
are deter..ined The operation strategy for the fixed and switched 
capacitors through the day period is presented. The hour by hour 
bank sizes for various locations on the radial feeder is 
illustrated. The effect of switching tillle on the bank sizes is 
studied. Study shows that the optimue locations of a fixed and 
switched banks are at the nodes 4 and 8 respectively. Besides the 
.axi.u. opti.ua bank sizes for fixed and swi tched capaci tors are 
1500 and 767 KVARS. The optimu. switching tilDe is 11 hours. 
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