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ABSTRACT: Decreasesthe power loss in distribution network by placing shunt capacitors, other advantages as 
improves the voltage and power factor. The power loss is more in distribution systems because it takes placeat 
totalconductors of distribution systems i.e., 30 % of the total power generation. The I2R power loss in a radial 
distribution network, one method islessening thetotal network resistant path. It is difficult to reduce the length of the 
conductors because the distance from electrical substation to consumer loadis constant. This paperproposed a method is 
decrease the branch current, it comes from the source. It is achieved by placing the shunt capacitors in radial 
distribution network by compensate reactive power in the loads.This paper proposed a perspectiveto reduce the power 
lossin distribution systems by placing optimal capacitor banks. The location of capacitor banks are considering in shunt 
with the load.For estimating the profits Net Present Value (N.P.V) principle is used.Mixed integer programming model 
(MIP) is constructed for find out the optimal placement of capacitors. Maximises the Net Present Valueby considering 
the conditions those are voltage, reactive power and cost.The proposed method is used for IEEE-15 bus network. From 
the results of MATLAB simulation the proposing method is efficient, the power loss is minimized and a positive Net 
Present Value is obtained. 
 
KEYWORDS: Power loss reduction, Reactive component of current, Capacitor banks, Net Present Value Criterion, 
Optimal Capacitor Banks placement by Maximizing the Net Present Value, Voltage Control by automatic switching of 
VAR to capacitor banks. 
 

I.INTRODUCTION 
 

Introduction: Thepower loss is in part with the distribution network. The power loss occurring at the conductors in a 
network [1] and it is 30% in total power generation. The power loss in line sections are 26% inthe transmission and 
distribution loss, 41% in distribution and sub transmission loss [8], the distribution networkoccupies 55% in totalpower 
loss. 
 
Previous works:In terms of objective function, previous proposal for voltage limits exceeds [7]. Some methods are 
considering the investment in the project basis. Some methods on solution algorithms such asfuzzy &genetic algorithm 
[7], Benders decomposition [2],heuristic search [5],and tabu search [6]. 
 
Proposed method:The power loss is decreased by decreasing the current flown to the load side, because it decreases 
the branch current comesfrom the source.This paper proposed a method is placing the capacitor banks in shunt with the 
load. The estimating the profits by the capacitor placement, the Net Present Value (NPV) principle is used [8]. The aim 
is maximizing the Net Present Value (it includes capacitor purchasing, installing cost and operation and maintaining 
cost). The voltage limits is satisfied by an iterative process. The proposed method is analysed for IEEE-15 bus. The 
MATLAB simulation is given a better result. 
 

II.DIRECT CALCULATION OF POWER LOSS IN RADIAL NETWORKS 
 

2.1 Introduction to the power loss caused by the real and reactive currents    
A line or branch in distribution network is electrically modelled as Fig.2.1, 



 
 ISSN (Print)  : 2320 – 3765 
 ISSN (Online): 2278 – 8875 

 
International Journal of Advanced Research in  Electrical, 

Electronics and Instrumentation Engineering 
(An ISO 3297: 2007 Certified Organization) 

Vol. 5, Issue 2, February 2016 
 

Copyright to IJAREEIE                                                    DOI:10.15662/IJAREEIE.2016.0502020                                               779   

 
Fig. 2.1 single line diagram of distribution line 

 
Where, I is the current flowing of the line, resistance R, resistance X, V1 and V2 voltages at sending and receiving ends 
of line. The power loss is splitting into two parts i.e., real part of current IR and reactive or imaginary part of the 
currentIX. Therefore, the power loss is 

  RIIP XRLoss  22  

XLossRLossXR PPRIRI ,,
22     (1) 

The power loss for distribution line (Fig. 2.1) is  
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Equation (2),the power loss in line section is nothing but the summation of power loss due real part of current and 
power loss caused by the reactive current. The capacitor banks are directly compensating the reactive power demand 
and therefore the power loss is decreased.  
 
2.2 Derivation for power loss caused by real and reactive currents 
This paper, the network is assuming that, 3-phase balanced and absent incurrent harmonics. 

 
Fig.2.2 one line diagram for feeder in distributing system 

 
From Fig.2.2,PLoss,R is power loss due to real part of current, PLoss,X  is the power loss caused by reactive part of current 
and are as follows.
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Where, resistance of line 1, iiR  between bus i and bus i+1, voltage Vi for busi, total real powers iP  flowsthrough node i 

and total reactive powers iQ flows through node i and it is calculated as  
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Where, LnP , LnQ are active power andimaginary powersof the load at bus n. The total real power loss due to realpower 
load is 
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The total active power loss due to reactive power demandis 
 

 
 
 

(8) 
 
 

Where, PLn, QLn andVi are determined by running load flow study. In this project, the newton raphson method of load 
flow study is conducted. The total active power loss 

Total
LossP  caused by real part of current and reactive part of current 

can be calculated as  

    Total
XLoss

Total
RLoss

Total
Loss PPP ,,      (9)  

Therefore, the total active power loss
Total
LossP    is the sum of total active power loss due to real part of the current

Total
RLossP ,   

and total active power loss due to the reactive part of current
Total

XLossP , .The annualcost (rupees) due to the total active 

power loss is  

    8760 ELoss
Total
Losst KFPC    (10)  

Where, unit energy pricesKE (rupees/kWh) and the power loss factor LossF which is the ratio of the average power loss 
and the peak power loss. 
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The power loss at each time point is analysed by running power flow. XLossP ,



is the peak power loss at the peak load 

point and XLossP ,

_
 is the average power loss of all of the time points [8].  

2.3 Derivation for Power loss caused by real and reactive currents with capacitor placement 
Fig. 2.3 has shown the capacitor banksare installingat the receiving end node and in shunt with the load, the active 
power flowing out the node did not reduced by the capacitor placement. The active power loss caused by real part of 
current with capacitor placing is same as the active power loss due to real part of current before compensation.  
 

 
Fig. 2.3 Reactive power balance for after capacitor placement at the bus 
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 The active power loss due to real component of current after capacitor bank installation becomes '
,
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When the capacitor banks are installed at receiving end node and in shunt with the load, the reactive power flowing 
through the node is reducing by placing the capacitors. The active power loss due to reactive part of the current after 
capacitor bank installation becomes '

,
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Where, QC is the capacitor capacity per unit size, Li is integer variable denotes the number of the capacitor modules in a 
capacitor banks and Xi is the binary indication variable indicating whether to installing the capacitor bank at node 
i(1:yes;0:no). The product of iL , CQ , and iX  is reactive power compensation capacity at the node. 
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Therefore, the totalactive power loss for after capacitors installation '

Total
LossP  is equals to the sum of the total active power 

loss due to real part of currents '
,

Total
RLossP    and the total active power loss due to reactive part of the currents '

,
Total

XLossP . 

 
III. MODEL FORMULATION 

 
3.1 Net Present Value (NPV) Analysis 
After the capacitor banks installed, the total real power loss '

Total
LossP   cost in rupees per annum is            

    
8760''  ELoss

Total
Losst KFPC     (15)  

The annual savings after capacitors placement is 

    
'
ttt CCb     (16) 

Therefore the Operating and Maintenance costs tOM  of the capacitor banks are considered, the net annual profit 

    ttt OMbB         (17) 

The annual operating and maintenance cost of capacitors for the distribution network, tOM   is calculated as  
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Where, OK  is the annual operating and maintenance cost (rupees) of capacitors of each bus. Therefore the Net Present 
Value is calculated as  
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    PCICIO         (20) 
Where, IC  is the installation cost of capacitors for given distribution network, PC  is the purchase cost of capacitors 
for given radialdistribution network. The installation cost of capacitors for given distribution network is 
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Where, IK  is installation cost of capacitor banks for each bus in radial distribution network. 
3.2 Capacitor cost function 

 
Fig. 3.1 Capacitor cost function 

 
The purchasing cost of capacitors for given distribution network, can be ca1culated as 
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To considering the varying purchasing cost of capacitors depending on the capacitors unit size, the capacitors 
purchasing cost function isapproximately a linear dash line shown in Fig.3.1. The other parameters of equation (22) are 
given in table I. 
3.3 Model formulation and solution 
For maximizing the Net Present Value subjected to certain conditions to obtaining the maximum profits in terms of 
initial investment and the profits. The representation of model is 

    Max
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Subjected to following conditions, 
•  For size of the capacitor is fixed: 

    
min0 LiiCi QXQL       (24) 

 •  For size of the capacitor is controlled: 

    
maxmin
LiiCiLi QXQLQ       (25) 

The constraint (24) means, if size of the capacitor is fixed, the capacity of capacitor must be less than the minimum 
reactive power load at the bus i and (25) means, if size of the capacitor  is controlled. 

 

 
Fig. 3.2 Flow chart for satisfying the voltage limits 
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We have rewritten the model to a Mixed Integer Quadratic Programmingmodel formulation (MIQP);it iseasier to 
solving the model. Then the binary decision variable in (13) and (22) is eliminated and constraints (24) and (25) have 
rewritten as 

    iLiCi XQQL  min0      (26) 

   iLiCiiLi XQQLXQ  maxmin      (27) 
Therefore, the model becomes a MIQP. It must be noticed to the voltage limits are not strightly including in the 
problem. But, the limits of voltage magnitudes are satisfied by an iterative method showed in Fig. 3.2. Generally, the 
voltage boosting is rather limited because the size of capacitor is constrained by (24) and (25). From Fig. 3.2,once the 
optimizing results are obtaining, then the load flow simulations are performed for examining if the overvoltage occurs. 
If the voltage limit is exceeded, then the voltage magnitude is regulating to normal voltage level by adjusting during the 
capacitor installing time. The voltage is regulated and thenit is necessary to changes constraints (24) and (25) by a 
smaller or upper limit and then resolve the optimizing model. This approach iterates until all of the voltage limits are 
satisfied. 
3.4 Operational control of capacitor banks 
The installing of capacitors to the radial distribution network is simplefor operational controlfor the capacitors. The 
controlling of the capacitor banks is to maximizing the power loss reduction by switching the capacitors as for the 
reactive power demand sensed by controller [2]. An easyswitching strategy is shown in Fig.3.2. 

 Operation1 control ru1e 
  · For QCi< QLi 
   Switch up to a tap that minimizes .LiCi QQ   

· For QCi> QLi 
   Switch down to a tap that minimizes .CiLi QQ   

Here, LiQ  is the reactive power load at bus i, sensed by the controller, and CiQ    is the reactive for of the capacitor 
bank. This control strategy is minimizing the reactive current of each bus,isalmost minimizes the reactive component of 
currents of line and loads. 
 

IV. SIMULATION RESULTS 
 

The proposed method is applied for power loss decrement of IEEE-15 bus. The simulation is conducted in a 64 bit PC 
with 2.50 GHz CPU, 4 GB RAM with MATLAB software is used to solve the optimization model. The base capacity is 
100 MW and base voltage of 1l kV for IEEE-15 bus radial distribution network. At bus 1 the voltage is 1.000 p.u., the 
parameters are considered in this model are given in Table I. The parameters of Table I does not reflecting ground 
reality of the IEEE-15 bus distributing network.  

 
 

Fig. 4.1 Single line diagram of IEEE-15 bus radial distribution system 
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TABLE I 
PARAMETERS IN CALCULATION 

 

 
 
From TABLE II, the lowest voltage is at bus 13 is 0.94438 p.u for before compensation and 0.96098 p.u for after 
capacitor placement. The network improves the voltage profile with the capacitor banks, overvoltage is does not 
occurred. The power factor is 0.7001 lagging for before compensation and is 0.8735 lag for after compensation. 
Therefore, the power factor for the IEEE-15 bus network is improved and the total active power loss due to reactive 
part of current for before compensation is 31.4312 kW and after compensation it is 4.8454 kW. So the total real power 
loss is 61.7855 kW and 33.7281 kW for before and after compensation respectively. Therefore, 28.0574 kW of power 
loss is reduced with the compensation by total injecting the capacity of 725 kVARis used to installing with 7-buses 
with minimum rating of capacitor capacity is 25 kVAR.  

 
Fig. 4.2 Voltage magnitudes variation for each bus in IEEE-15 bus network 

 

 
Fig. 4.3 Line active power loss due to reactive component of currentfor IEEE-15 bus network in each bus 

 

 
Fig. 4.4 Line active power loss for IEEE-15 bus network in each bus 
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TABLE II 
Load Flow analysis for IEEE-15 bus Network 

 

 
 

TABLE III 
Summary of Optimization Results for IEEE-15 busRadial Distribution Network 

 

 
 

TABLE III summarizes the optimization results. From the economic view, the investment to the project is1,93, 510 /- 
rupees, the net profit is 10, 15, 629 /- rupees per year, the Net Present Valueis 69, 39, 840 /- rupees per period of the 
project, so the project is adding a net value of 69, 39, 840 /- rupees to the utility for the period of ten years. And also, 
the proposing method is good for computationally, as the time taken to solve for themodel is 0.764405 seconds only in 
MATLAB simulation. 

 
V. CONCLUSIONS 

 
For reducing the power loss, the proposed method given best result. The problem is maximizing the Net Present Value 
subjected to certain constraints i.e., voltage, reactive power and cost and is formulatingthe Mixed Integer Programming 
modelfor directly analysing the power loss for given IEEE-15 bus network. The model is solving by using MATLAB 
software for more efficiently. The simulation results given that the power loss of the network is effectively reduced and 
obtains the Net Present Value is positive and largeand is adding to the utilitywith this method and also the voltage and 
power factor are improved.  
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