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Abstract- Capacitors are widely used in distribution networks for energy loss reduction, reactive 
power compensation, voltage regulation, and for system capacity release, however it’s important 
that these are applied in correct magnitude and at right node. The most important task for 
distribution engineer is to efficiently simulate the system, identify the sensitive nodes using a 
suitable mathematical model and apply optimum capacitance injection. The work presented in 
this paper proposes an algorithm using a unique mathematical model, which selects the optimal 
value of capacitors, and places them at the best location. Nodal voltages and real & reactive 
power losses values are calculated using basic circuit theory principals, which is further modified 
to identify a candidate node for capacitor placement for a radial distribution system and a value 
of kVAr injection required. 

Keywords: Branch Voltage, Load flow, Radial Power distribution, Power loss index (PLI), 

Candidate Node. 

1. INTRODUCTION 

In developing countries un-planned growth is causing distribution system to steadily 

approaching towards its maximum operating limits and overloading the distribution system 

and introduces a big loss component. This is also a causes of voltage instability in the 

distribution system. Voltage instability makes the system unstable and can cause system 

failures. Voltage instability is characterized by variation in voltage magnitude to 

dangerously low values.  

The voltage instability can be addressed using the various techniques e.g. reconfiguration, 

addition of capacitor banks etc. Further studies have indicated that at the distribution level 

as much as 13% of total power generated is wasted in the form of losses, which contributes 

in making the system instable [1], One of the methods for reduction in power loss is 

capacitor placement. Improper placement of the capacitor will lead to reduce the benefits of 

the system and even endanger the entire system operation control [2–3].  

Capacitors are widely used in distribution networks for energy loss reduction, reactive 

power compensation, voltage regulation, and for system capacity release. These are 

typically installed on distribution primary feeders. Addition of capacitors introduces kVAr 

at the point of installation. These can be permanently connected or can be switched on and 

off. Switching can be manual or automatic and can be controlled either by time clocks or in 

response to voltage or reactive-power requirements. When they are placed in parallel to the 

load having a lagging power factor, they become the source of reactive power for the load 
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and thus reduce the line current necessary to supply the load and in turn reduce the voltage 

drop and also improve the power factor. 

The extent of these benefits depends upon how the capacitors are placed on the system, i.e. 

(i) The number and location, 

(ii) The type (fixed or switched), 

(iii) The size 

(iv) The control scheme of the capacitors. 

Therefore, it is important for a capacitor placement problem to determine optimum 

location, number, type, size, and control scheme of capacitors to be installed. The key 

objective for capacitor sizing and placing is to have minimized power loss for a given load 

profile. 

There are a number of methods available to solve the capacitor installation in distribution 

system. The main problem in installation of shunt capacitor on radial distribution system 

lies in how to determine the optimal location and size of the shunt capacitor. Recently many 

methods and optimization algorithm have been proposed in order to find the optimal 

capacitor placement problem [4]. Classical techniques have been used by few researchers to 

obtain optimal placement of capacitors considering only loss reduction as the objective [5]. 

Prakash and Sydulu used the PSO algorithm to find the optimal locations and sizing of 

capacitors [6]. Genetic Algorithm was used to find the optimal sizing of fixed and switched 

capacitor at different load levels [7,8]. Ant colony optimization algorithm was proposed to 

solve capacitor placement in radial distribution system [9].  

The work presented in this paper proposes an algorithm using a unique mathematical 

model, which selects the optimal value of capacitors, and places them at the best location. 

Nodal voltages and real & reactive power losses values are calculated using basic circuit 

theory principals that makes it computationally fast. 

2. METHODOLOGY 

The objective of capacitor placement to optimum location & size is achieved using 

following steps; 

- Step one, define the Load flow calculation algorithm. 

- Step two, modify above algorithm for capacitors sizes and the candidate node 

identification. 

- -Step three, run the simulation and find out candidate node and the value of kVAr 

injection at that node.following tables give summary of the paper as: 

A. Load Flow calculation algorithm 

 

For simulation purpose this paper uses a load flow algorithm, based on concept described in 

reference [10, 11]. The algorithm is further modified to give a candidate node for capacitor 

placement and a value of kVAr injection required. The load flow calculation algorithm uses 

the basic systems analysis method and circuit theory and requires only the recursive 

algebraic equations to get the voltage magnitudes, currents & power losses values at all the 

nodes. This load flow methodology also evaluates the total real and reactive power fed 

through any node.  
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A simple circuit model of the system is shown in Figure 1. The calculation uses Carson & 

Lewis matrix method, which takes into account the self and mutual coupling effects of the 

unbalanced three phase line section.  Using concept of simple circuit theory, the relation 

between the bus voltages and the branch currents in Figure 1 can be expressed as: 

 

= =                              (1) 

 

Where; 

Vi
ag  

 

= 

 

Voltage of phase a at node i with respect to ground 

Vi
ab  = Voltage drop between two phases a and b at node i. 

Vij
a     

 

= 

 

Voltage Drop between nodes i and j in phase a. 

Iij
a  

 

= Current through phase a between nodes i and j. 

zij
aa = Self-impedance between nodes i and j in phase a. 

zij
ab = Mutual impedance between phase a and b between nodes i and j. 

Pia,Qia,Si
a 

= Real, reactive and complex power loads at phase a at ith bus. 

 Sijphase  

 

= Complex power at phase (a, b and c) between nodes i and j. 

PLijphase = Real power loss in the line between node i and j. 

 QLijphase = Reactive power loss in the line between node i and j. 

SLijphase = PLijphase+ jQLijphase 

 

 
Fig 1 – Three phase four wire line model 
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Rewriting (1) 

 

= _   

 

Following equations gives the branch currents between the nodes i and j: 

, ,  

 

` 

 

 =  -  

 =  -  

 =  -  

 

This algorithm computes the real & reactive power and uses the formula given in equation 

no. (2). Receiving end power at any phase, say phase A, of line between the nodes i and j is 

expressed as: 

 

 +      (2) 

K = index of all nodes fed through the line between nodes i & j. 

 

The flow chart for proposed load flow calculation along with capacitors sizing and the 

candidate node identification is shown in Figure 2. 

 

B. Modification to above algorithm to include capacitors sizing and the candidate node 

identification 

This section presents modification to the algorithm presented in section A to include 

capacitor sizing and placement. The modification is proposed with an objective to improve 

the voltage profile and reduction of power loss by strategically placing capacitors while 

minimizing installation and long-term operation costs. The modification determines the best 

locations and capacitor sizes, reports the branch capacity release and the estimated savings. 

 

The first step in the capacitor sizing and placement is to identify the best location which 

provides maximum reduction of power loss value. Such node is also known as candidate 

node. Power loss index method for identification of candidate node is a noble method 

which reduces the iteration required to identify the best nodes for capacitor placement [12]. 

This method proposes the location of best nodes with respect to reduction of power loss 

value. The flow chart for proposed load flow calculation, the proposed modification 

including capacitors sizing and the candidate node identification is shown in Figure 2. 
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Fig 2. Flow Chart for Load Flow calculation & capacitors sizing and the candidate node 

identification. 

 

The algorithm is first run for the base case (without any compensation) and on each node 

the value of working power (kW) & reactive power (kVAr) is calculated. 

For calculation of power loss index (PLI), the algorithm requires simulation to run by 

compensating each node individually, equivalent to the reactive power in all the phases and 

calculate the system power loss reduction. 

The power loss index (PLI) is calculated as: 

  ---------------------------------------------------- (3)  

Where: 

X = Loss reduction 

Y = Minimum Reduction 

Z = Maximum Reduction  

i = 2,3,4…..n  
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n = number of nodes 

The result of the PLI calculation method provides the location of candidate node and the 

value of kVAr injection at that node. kVAr injection is selected based on the reactive power 

(kVAr) values at that node and is required to be equal or less than the reactive power at that 

node. 

The location is based on the condition PLI greater than a PLI cut-off. The cut-off value is 

selected by experimenting with different values in descending order of the PLI limits. The 

best of the cut-off value gives the highest profit and satisfying the system constraints. 

To validate above, the proposed method is run on 25-bus system (data for the same is 

provided in Appendix -1, Figure 4 and line and load data are given in Table - 2 & 3) [13]. 

C. Run the simulation and results 

 

The PLI simulation is run on a sample 25-bus system and results are plotted in Figure 3. 

 

 

Fig. 3 Plot between node and PLI 

 

Calculated values of power loss index are also shown in the Table 1. The result shows that 

for given data, node 7 is the best location for placing the capacitors, followed by node 2 and 

node 6.  In other words, up to power loss index cut-off value of 0.8, nodes 2, 6, 7 are the 

best candidate nodes for the capacitor placement. The PLI calculation result also provides 

the basis of selecting the candidate node and the value of kVAr injection at that node. 

 

TABLE – 1 

PLI CALCULATION RESULTS FOR 25 BUS SYSTEM 

Comp. 

Node 

Total feeder 

real power 

loss after 
comp.  

 Qc 

Loss 

Reduction 
kW 

Power 
Loss 

Index 

(PLI)  

Rank 

Base 
Case 

73.2 0     
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Comp. 

Node 

Total feeder 

real power 

loss after 

comp.  

 Qc 

Loss 

Reduction 
kW 

Power 

Loss 

Index 

(PLI)  

Rank 

2 64.4 8.84 0.94 2 

3 66.2 6.97 0.73 4 

4 69.4 3.78 0.36 9 

5 72.5 0.67 0.00 24 

6 64.6 8.58 0.91 3 

7 63.9 9.33 1.00 1 

8 72.5 0.74 0.01 22 

9 67.8 5.36 0.54 6 

10 69.0 4.19 0.41 7 

11 69.8 3.41 0.32 11 

12 71.9 1.27 0.07 16 

13 72.4 0.85 0.02 20 

14 67.8 5.45 0.55 5 

15 69.7 3.52 0.33 10 

16 72.3 0.91 0.03 17 

17 72.4 0.78 0.01 21 

18 69.4 3.85 0.37 8 

19 72.3 0.87 0.02 19 

20 71.6 1.63 0.11 14 

21 71.6 1.65 0.11 13 

22 72.3 0.87 0.02 18 

23 70.8 2.44 0.20 12 

24 71.6 1.56 0.10 15 

25 72.5 0.72 0.01 23 

 

 



J. Automation & Systems Engineering 11-3 (2017): 222-229 
 

 229

3. CONCLUSIONS 

The work presented in this paper proposes a simple algorithm based on basic circuit theory 

principles to solve the problem of placement and sizing of capacitors in radial distribution 

systems. Nodal voltages and real & reactive power loses values is calculated using basic 

circuit theory principles and the calculation algorithm is further modified to give a 

candidate node for capacitor placement and a value of kVAr injection required. The 

proposed method is tested on a 25 bus system. The Power loss index determines the 

candidate locations of the nodes and rank them based on PLI cut-off values. The proposed 

location and capacitor values can be further optimized by running the cost optimization 

algorithm (not discussed in the paper). 
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