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Abstract 

This paper investigates a new approach to find the optimal location and sizing of Distribution STATic COMpensator 
(DSTATCOM) with an objective function of minimizing the total network power losses. Harmony search algorithm 
is used to find the optimal location and sizing of DSTATCOM. The proposed work is tested on standard IEEE 33-bus 
radial distribution systems. The obtained result shows that optimal placement and sizing of DSTATCOM in the radial 
distribution network effectively reduces the total power losses of the system. 
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1. Introduction  

So many researchers approximated that in the distribution side 13% of total generated power is wasted 
as a loss [1]. From the consumer point of view, the power loss reduction is one of the important issue to 
improve the overall efficiency of the power delivery. So we need to use highly advanced equipment’s for 
power loss reduction of the distribution network. Such equipment’s are capacitor banks, shunt and series 
reactors, Automatic Voltage Regulator (AVR) or recently developed Distribution network Flexible AC 
Transmission (DFACTS) such as Distribution STATic COMpensator (DSTATCOM), Unified Power 
Flow Conditioner (UPQC), and Static Synchronous Series Compensator (SSSC) [2-4]. Compare with 

 

* Corresponding author. Tel.:+919944648832. 
     E-mail address: yuvaraj4252@gmail.com 

 

Available online at www.sciencedirect.com

© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Organizing Committee of 2015 AEDCEE

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2015.11.563&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2015.11.563&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2015.11.563&domain=pdf


760   T.Yuvaraj et al.  /  Energy Procedia   79  ( 2015 )  759 – 765 

other reactive power compensation devices, DSTATCOM has many features, such as low power losses, 
less harmonic production, high regulatory capability, low cost and compact size [5].  
  
DSTATCOM is a shunt connected Voltage Source Converter (VSC) which has been applied in 
distribution networks to compensate the bus voltage so as to provide power factor and reactive power 
control. DSTATCOM can inject correct amount of leading or lagging compensating current when it is 
associated with a specific load so that the total demand meets the specification for utility connection [6]. 
DSTATCOM is predicted to play significant role in the radial distribution systems due to the increasing 
power system load. Optimum allocation of DSTATCOM maximize the load ability, power loss 
minimization, stability enhancement, reactive power compensation and power quality enhancement [7]. 
Based on the literature review, to determine the optimal location and sizing of DSTATCOM has a 
considerable impact in radial distribution system. Inappropriate placement in some situations can reduce 
the benefits and even endanger the entire system operation [8, 9]. Only a few research works were done in 
the area of DSTATCOM allocation. In ref [10], a differential evolution algorithm is presented for optimal 
DSTATCOM allocation in radial distribution system with reconfiguration consideration. In [11], an 
immune algorithm approach for determining the optimal location and size of DSTATCOM with an 
objective function of minimize the cost of total active power loss is investigated. Then in [12] particle 
swarm optimization algorithm is used for determining the optimal location and sizing of DSTATCOM 
and DG with an objective function of power loss minimization and voltage profile improvement.  
In this paper, harmony search algorithm has been proposed to find the optimal location and sizing of the 
DSTATCOM in the radial distribution network to reduce the total power losses. The proposed method is 
tested on IEEE 33- bus radial distribution system. The obtained results are compared with the other 
existing methods which founds to be better than that of other existing methods. 

2. Problem formulation 

2.1. Power flow analysis  

In this paper, a direct approach for distribution system load flow solution has been used for better solution 
[13].The single line diagram of simple distribution system is shown in Fig 1. 

From Fig. 1, the equivalent injected current at node t is given as  
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From Fig. 1, Kirchhoff’s current law used to calculate the branch current in the line section between buses 
t and t+1, which is given as  
 

211, tttt IIJ              (2) 

By using the Bus Injected to Branch Current matrix (BIBC) 
 

IBIBCJ                      (3) 
From Fig 1, Kirchhoff’s voltage law used to calculate the voltage at buses t+1, which is given as 
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The real and reactive power loss in the line section between buses t and t+1 can be calculated as 
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The total power loss ( TLossP ) of the distribution systems is found by the addition of losses in all line 

sections, which is given by 
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Fig.1. Simple distribution system. 

2.2. Objective Function  

The objective of DSTATCOM placement in the radial distribution system is to minimize the total power 
losses while satisfying the equality and inequality constraints. The mathematical formulation of the 
objective function (F) is given by 

)in(P)Minimize(F TLossM                                                                                (7) 

Problem Constraints: 
The equality and inequality constraints considered in the problem are: 
Voltage deviation limit  
 

maxmin
ttt VVV         

Power Balance constraints 
 

DSTATCOMDTLoss PPP        

Reactive power compensation  
 

nbtQQQ ctctct ,......,1,maxmin      

3. Harmony Search Algorithm  

The steps involved in the Harmony search algorithm is  
Step 1: Initialize the input data 
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)1(NVAR  : The number of variables, i.e. the number of   DSTATCOM Placement 

)2(NG  : The number of inequality constraints 

)1(NH  : The number of equality constraints 

)1000(ItrMax  : The maximum number of iteration for this problem. 

)6(HMS  : Harmony memory size. 

)9.0(HMCR  : Harmony consideration rate 0< HMCR <1 

)4.0(minPAR  : Minimum pitch adjusting rate 

)9.0(maxPAR  : Maximum pitch adjusting rate  

)0001.0(minBW  : Minimum bandwidth 

)0.1(maxBW  : Maximum bandwidth 
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Fig.2. Flow chart of harmony search algorithm. 
 
Step 2: Initialize Harmony Memory as 
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Step 3: Update the member for all result vector in Harmony search 
Generation of the random number according to minimum and maximum limit. 
Step 4: Test for convergence. 

Compare previous TLossP value with the new TLossP value. If the TLossP  value is small then the preset 

value (0.00001), then the process will end and the last calculated TLossP  value will be accepted, otherwise 

the process will continue until the TLossP  value difference smaller than the present value.  The figure 2 

shows the flow chart of the harmony search algorithm. Finally the algorithm will give the optimal size of 
the DSTATCOM.  
Hence this steps have to be follow in order to minimize the objective function. 

4. Simulation result and discussion  

IEEE 33-bus test system 

To show the effectiveness and performance of proposed method, it has been tested on standard IEEE 33-
bus systems. The line and bus data are taken from [14]. The line voltage, real and reactive power loads of 
the radial distribution networks are 12.66 kV, 3.72 MW and 2.3 MVAr, respectively. The single line 
diagram of IEEE 33-bus radial distribution system shown in fig 3. The OF parameters used for test 
system is shown in table 1. The proposed method has been programmed and implemented using 
MATLAB environment to run distribution system load flow, calculate real and reactive power losses and 
to identify the optimal location and size of DSTATCOM. In this system, the 30th bus is selected for 
optimal DSTATCOM installation. The voltage profile of the 33-bus with and without DSTATCOM is 
shown in figure 4. From fig 4, it can be noted that implementation of DSTATCOM in the radial 
distribution system has improved the voltage profile effectively. 
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Fig.3. Single line diagram of IEEE 33-bus system. 

 
Table 1 
Objective Function parameters settings for optimization. 

tDSTATCOM cos ($/kVAr) DSTATCOMn (year) B  pK ($/kWh) cK   T  

50 30 0.1 0.06 1  8760 
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Fig 4 Voltage profile improvement for 33 bus system 

 
Table 2 
Performance analysis of the proposed method after installation of DSTATCOM on 33-bus system. 

Items Base case Immune Algorithm[11] Proposed Method 

Optimal size (kVAr)&Location ------- 962.49(12) 1150(30) 

lossP  (kW) 202.67 171.79 143.97 

lossQ  (kVAr) 135.24 115.26 96.47 

minV (p.u) 0.9131 0.9258 0.9236 

Total annual cost saving ($) ------- 11,130 24,264 

 
The annual cost of DSTATCOM can be calculated by using the equation (9): 

1)1(
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Where yeartDSTATCOM ,cos  is the annual cost of DSTATCOM, and tDSTATCOM cos  is the cost of 

investment in the year of allocation ($/kVAr). B is the asset rate of return and DSTATCOMn is the 

longevity of DSTATCOM. 
Total Cost Saving (TCS) of DSTATCOM is the difference between total energy loss cost before 
installation and total energy loss cost and annual DSTATCOM after installation and it is given by 
equation (10). 
 



 T.Yuvaraj et al.  /  Energy Procedia   79  ( 2015 )  759 – 765 765

)()()( ,cos yeartc
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Where pK ,
cK , T indicate the cost of energy losses, time duration proportion and hours per year 

respectively. TLossP is the total power loss before installation of DSTATCOM and DSTATCOMwith
TLossP is the 

total power loss after installation of DSTATCOM. 
 
Table 2 shows the comparison of real and reactive power losses, locations, optimal size (kVAr) and total 
annual cost saving for existing and proposed methods. In the proposed method, the real and reactive 
power losses have been reduced to 143.97kW (i.e. percentage of reduction is 28.97%) and 96.47kVAr 
(i.e. percentage of reduction is 28.67%) after installing the DSTATCOM. The proposed method total 
power losses reduction is high compared to existing Immune Algorithm method. And the total annual cost 
saving is $ 24264, which is the highest total annual cost saving compared to immune algorithm. This 
shows that the proposed harmony search algorithm based optimization is more effective than the Immune 
Algorithm based optimization. 

5. Conclusion 

This paper presents a new approach to find optimal location and sizing for DSTATCOM in the radial 
distribution network. The proposed method has been tested on standard IEEE 33-bus system. From 
simulated results, it can be noted that implementation of DSTATCOM in the radial distribution system 
has reduced the total power losses effectively which is better than existing IA method. It can be 
concluded that the proposed harmony search algorithm based technique is very accurate in finding the 
optimum solutions and it can be implemented for n number of buses. 
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