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Abstract:- 

This paper presents a study the power losses and its impacts 
on distribution of electric power networks, Capacitors are widely 
used in distribution system for reactive power compensation to 
achieve power and energy loss reduction, voltage regulation, and 
system capacity release. The extent of these benefits will depend 
upon how the capacitors are placed on the system, the number 
and location, the type (fixed or switched), the size, and the 
control scheme of the capacitors. Therefore, the capacitor 
placement problem in distribution feeders consists of 
determining the place (number and location), type, size, and 
control scheme of capacitors to be installed such that the benefits 
mention above is weighted against the fixed and running costs of 
the capacitors and their accessories. The installation of shunt 
capacitors on radial distribution systems is essential for many 
reasons. These reasons arc power flow control, improving 
system stability, voltage profile management. and losses 
minimization 

By taking the twenty two nodes, and apply the MATLAB 
program on this network. The result improved performance of 
the electrical network known, control adding shunt capacitor in 
the exact locations as needed to improve the voltage profile and 
reduces power losses 

Kay Word: power losses, Shunt capacitor, MATLAB Program 
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1-Introduction 

There use several methods to know the sizes and locations of 
capacitors to get the best correction.  The general capacitor 
placement problem consist of determining the location, type, and 
size of capacitors to be installed in the nodes of radial 
distribution system such that the economic benefits due to peak 
power and energy loss reduction be weighed against the cost of 
installment of such capacitors while keeping the voltage profile 
of the system within defend limits [6]. 

Shunt capacitors are installed at appropriate location a large 
distribution system to reduce power losses and improve voltage 
profile [1, 9]. 

Analytical method The early methods were used, When power 
computing resource, is unavailable these methods are expensive. 
The capacitor saving function is defined as fallows [3] 

Cost saving = KE × ∆E+ KP × ∆P – Kc × Qc (1) 

For the most simplified version of the problem, the analytical 
method established the "two – thirds" .According to the rule, the 
cost function can be maximized by choosing the value of 
capacitor to be equal to two – thirds of the value of the peak .The 
capacitor is installed at a location at two thirds distance of the 
total feeder length, downstream from the source [5].  

Numerical programming method when computer memory 
becomes cheaper, the numerical method become preferred to 
solve the optimization problem. Numerical programming 
methods are iterative techniques used to maximize on objective 
function of allocation variables. With this method objective 
function and decision variables are present for optimal capacitor 
allocation the object function is saving function and the 
locations, size number of capacitors and bus voltage are taken as 
the decision variable. All decision variables must satisfy the 
operation at conditions. The numerical method considers discrete 
size of the capacitor and the place of the node. [10],[12]. With 
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this method, the capacitor allocation problem formal can be 
written as follows 

Max S = KL × ∆L –Kc × c               (2) 

Heurist method is rules of thumb that are developed from 
experience, judgment and knowledge. The heuristic are 
approximate method is easy to understand approximate method 
is easy to understand and also simple to implement compound 
with the analytic and numerical methods but this method is not 
guaranteed to result in optimal result this method is approximate 
because it does not need perfect data. This method is not 
guaranteed to minimize the cost function [12], [19] the problem 
formulation is a follows  
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From equation (1-4, 1-5)  

∆Pk = P – Pj = 2 Iqk  
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1 1

k k

q j j q k j
j j

I R I R
 

    (6) 

Cost saving = Kp × P + Kck × Qck    (7)  

Artificial intelligence is the basis of methods recently being 
applied by many researchers to the capacitor placement problem. 
Artificial intelligence methods that have been used for the 
capacitor placement problem are as follows:  

1. Genetic algorithms (GA'S)  

2. Simulated annealing (SA)  
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3. Artificial neural networks (ANN's)  

4. Fuzzy set theory (FST)    

Case study: 

The feeder is consists of 22 buses Reference [32] the rated 
voltage is 11Kv the input data is shown in Tables. 1  

The system is shown in Fig. 1  

 

 
 

Fig. 1 Twenty Two - bus system  
 

Problem formulation and application for reduction power 
losses In radial distribution feeders  

In a three phase radial distribution feeder with ( n ) number of 
nodes. 
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Where: L is an integer. Then at each selected location there 
are L sizes to choose from. Let K1c , K2c, …. KLc be the 
corresponding capital invested per KVAR assuming that only 
capacitor banks are used voltage excursions, the cost function S 
can be selected as Kp : is cost per power losses ($ / kW / 
year), assume  

Kp     = 200$/KW/Year.  

j = 1, 2, …….. k  represents the selected buses. The objective 
function is to be minimized as Vmin ≤ Vj ≤ Vmax 

j = 1, 2,3, ………….., n  

kjc = cost of additional capacitors 

 Qcj : KVAR compensation  

Kcj     :Cost of KVAR ($/KVAR 

  

Table.1 Input date for 22-bus system 

Section 
feeder No. 

R (Ohm) X (Ohm) P(kW) Q(KVAR) 

0 1 0.530 0.778 21 14 

1 2 0.037 0.071 18 12 

2 3 0.224 0.428 23 16 

3 4 0.262 0.499 173 121 

4 5 0.176 0.335 36 25 

5 6 0.100 0.190 222 155 

6 7 0.174 0.332 213 148 

7 8 0.174 0.332 222 155 
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8 9 0.174 0.332 101 71 

9 10 0.100 0.190 20 14 

10 11 0.150 0.285 223 156 

11 12 0.096 0.183 126 88 

12 13 0.274 0.522 60 42 

13 14 0.075 0.142 103 72 

14 15 0.025 0.048 251 175 

15 16 0.025 0.048 33 23 

16 17 0.050 0.096 33 23 

17 18 0.025 0.048 197 138 

18 19 0.025 0.048 38 26 

19 20 0.050 0.096 33 23 

20 21 0.075 0.143 30 20 

21 22 0.075 0.143 302 211 

 

This test is carried out when the power losses is(129kw  ) each 
sensitive node .Table 3,4 shows the output data before and after 
compensation. 

Fig. 2 to Fig. 7 shown the power losses, the apparent power, 
the voltage profile, the cost, the power saving and the voltage 
drop on each feeder before and after compensation.  

The sensitive nodes are the nodes selected at which the 
maximum power losses and the reactive power shown Tble2 
compensation selected from Table 6 according calculated value 
of shunt capacitor. 

Table 2 Sensitive nod and VAR compensation 
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 Fig 2 Power loss with and without compensation of 22-bus system  

 

  

  

  

  

  

  

  

  

  

  

  

  

Fig 3  Voltage profile with and without compensation of 22-bus system 
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Fig 4 Apparent power, KVA with and without compensation of 22-bus 
system  

 

 
 Fig 5 Power saving with and without compensation of 22-bus system  
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Fig 6 Cost with and without compensation of 22-bus system  

 
 
 
 
 
 
 

 

 

 

 

 

 

 

Fig 7 Voltage drop with and without compensation of 22-bus system 
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Table 5 The %  saving in power losses, reactive power and cost losses 

 

 

 

 

 

 

 

Conclusion and discussion 

The previous study shows that the location and size of shunt 
capacitors have very important impact on the reduce power 
losses problem. It is clear from the tests that the accuracy of the 
appropriate sizes of the capacitors will affect the values of 
reactive power compensation added to reduce the power losses 
in electric power system, the possible value added to mitigate the 
loss of energy or increase it according to the added value of 
reactive power compensation. This value must be carefully 
chosen because it also affects the value of the voltage in the 
network so that it should not exceed the allowable value in the 
network. In this search the total power losses 129.0446 KW, 
after compensation the total power losses 87.38 KW this process 
decreased the total apparent power and total cost 0n the network.  
The calculation of the economic saving shows that the reduction 
power losses provides us with several benefits which are as 
follows: 

1- Economic benefits: 

1-1 Decrease in investment costs in power plant. 

1-2 Increase in the number of customers because of power 
availability which increases saving costs. 

2) Reduction in reactive power drawn from the network 
provides us with additional capacity to the network  

3) Improve the voltage profile by reducing the current passing 
through the network, and this leads to improve the 
performance of the networks.  
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Table 6 Standard KVAR and COST/KVA 

  

No. Qc (KVAR) Kc ($) 

1 5 0.8 
2 15 0.75 
3 30 0.7 
4 50 0.65 
5 100 0.6 
6 150 0.5 
7 300 0.35 
8 450 0.253 
9 600 0.22 

10 750 0.276 
11 900 0.183 
12 1050 0.228 
13 1200 0.17 
14 1350 0.207 
15 1500 0.201 
16 1650 0.193 
17 1800 0.187 
18 1950 0.211 
19 2100 0.176 
20 2250 0.197 
21 2400 0.17 
22 2550 0.189 
23 2700 0.187 
24 2850 0.183 
25 3000 0.18 
26 3150 0.195 
27 3300 0.174 
28 3450 0.188 
29 3600 0.17 
30 3750 0.183 
31 3900 0.182 
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ا :-  

ا ا م  زا   ا  رةا  

  ودرا  ا   ا ا  رةب ا

  ا ا ز ت  او زا ق اوا

    ا ا   و ا  رةض  اات ا

  دة و ا  رةا  وت ادا ا

      ا زت ا  وا ا ا  با 

 .اازي از إ ض  أداء ا        و   ت 

     ا مة و ونن وا  ي م درا  و

ا و رة اا و أداء ا.  

   ا  ا و ا  ة و م   و

on-line  ( (اا ه ا        اح   ا و 

ا زت ا .  
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