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ABSTRACT: The main aim of this paper is to implement the particle swarm optimization technique for finding the 
optimal location and sizing of the static synchronous compensator (STATCOM) in the system. The reactive power 
compensation in transmission systems is a serious problem, which can be solved by the use of Flexible AC 
Transmission Systems (FACTS). Of all the FACTS devices static synchronous compensator (STATCOM) is used for 
the enhancement of voltage profile of the transmission system. The particle swarm optimization (PSO) technique has 
been implemented for obtaining the optimal allocation of the FACTS device. An IEEE 14-bus test system has been 
considered for the implementation of the algorithm in order to obtain the required optimal solution. This paper also 
presents the optimal allocation of the STATCOM with and without presence of the PV integration in the considered test 
system. The results of the PSO technique have been obtained by using two objective functions separately. The 
objective functions are voltage deviation metric and real power loss of the system. The results are found to be 
promising. By using STATCOM in the transmission system, subjected to the constraints, the reactive power 
compensation is effectively done. 
 
KEYWORDS: FACTS, STATCOM, Photovoltaic Integration, Optimal Location, PSO. 

I. INTRODUCTION 
 

In the power systems containing many components operating with generation, transmission and distribution purposes, 
there is a high priority for maintaining the voltage stability in limits. If the voltage stability is not maintained in the 
desired limits then the generators, various components of the transmission systems and loads may get exposed to 
several faults. The improvement of the voltage profile increases the transmission capacity of the transmission system. 
Hence for the improvement of voltage profile, flexible ac transmission system devices (FACTS) can be used. These 
devices can be used for the compensating the reactive power in the transmission system. By compensating the reactive 
power in the system, the voltage profile of the system can be efficiently controlled. Static synchronous compensator 
(STATCOM) has been considered for the reactive power compensation [1,2]. 
In these days, the transmission systems are integrated with the power generation from other sources like renewable 
energy sources. In the renewable energy sources available, photovoltaic energy and wind energy are the promising 
sources which generate a large amount of power. Several challenges and problems are being faced during the 
integration of PV with the existing transmission system [3-5]. 
Many traditional techniques are implemented for finding the optimal location and sizing of the FACTS devices. Later 
many evolutionary computation techniques such as Genetic Algorithms and Evolutionary Programming have been 
applied to solve this optimization problem. To find the optimal location and sizing of the STATCOM, another 
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technique named Particle Swarm Optimization (PSO) can also be applied. Particle Swarm Optimization is an iterative 
evolutionary computation technique which provides an optimal solution based on the parameters given [6,7]. 
The particle swarm optimization techniques can be classified into different methods depending on the parameters 
provided. Classical PSO, PSO time varying inertia weight (PSO-TVIW) and PSO time varying acceleration coefficients 
(PSO-TVAC) are the different methods in PSO, as in [6].  

II. RELATED WORK 
 

Classical PSO method has been implemented for finding the optimal location and sizing of the STATCOM in [1,8]. 
The authors in [2], the improved particle swarm optimization method for finding the optimal allocation of FACTS 
device is used. The voltage deviation metric has been used as the objective function in [2,6,7]. The classical PSO 
technique was implemented using the multi-objective function which consists of individual functions such as real 
power loss, voltage deviation metric and inverse of maximum loadability, in [7]. 
The optimal allocation of STATCOM has been obtained in [9], for the improvement of voltage profile and total 
harmonic distortion (THD) reduction. The authors in [10], obtained the optimal sizing and location of the STATCOM 
by determining the weakest bus in the system, using eigenvalues and eigenvectors method. The effect of integration of 
wind farm with the existing system has been studied by the respective authors in [11]. The tuning of STATCOM has 
been done for the voltage control of the wind farm integrated system. Different load flow methods were conducted on 
different test systems, in order to study the load flow calculations in [13,14]. The difference between the effectiveness 
of the shunt and series compensation has been studied in [15]. A detailed study has been carried out about the 
STATCOM in the aspects of different operating modes and conditions in [16,17]. 
In this paper, classical PSO method is implemented for finding the optimal location and sizing of the STATCOM by 
considering both the power loss and voltage deviation metric as objective functions separately. The optimal allocation 
of STATCOM has also been found out in the presence of photovoltaic (PV) power generation. The real power and 
reactive power losses are compared before and after the placement of the STATCOM in the system. The comparison of 
voltage profile also been considered for knowing the effectiveness of the STATCOM compensator. 

III. STATCOM 
 

Static Synchronous Compensator (STATCOM) is a shunt compensation device that improves the voltage profile by 
injecting current into the transmission line. The STATCOM can be applied for the generation of the reactive power 
into the transmission line and the absorption of the reactive power from the transmission line. The generation and the 
absorption of the reactive power of the line depend on the voltage difference between the system voltage and the 
generator voltage. When the generator voltage exceeds the system voltage, the generation of reactive power takes 
place and vice versa.  
STATCOM is always connected at the load bus. Mostly STATCOM is considered as a synchronous generator with 
voltage at 1 p.u and zero real power output, having the reactive power output (VAR) instead. Here, in this paper, the 
STATCOM has not been modelled, but just reactive power generation of the STATCOM is added at the optimal 
location in the network found through PSO. 

IV.  PARTICLE SWARM OPTIMIZATION 
 

Particle Swarm optimization is an stochastic optimization technique which was developed in 1995 by Dr.Eberhart, 
Dr.Kennedy and Dr.shi. The PSO mainly uses the swarm intelligence. The term swarm implies a flock of birds or a 
school of fishes. In this concept of bird flocking every bird changes its travelling path depending on both the group 
position and its own position. PSO also adapts the same principle in searching for the optimal solution. Here, a group of 
particles called population is used for searching the solution. Every particle has its own position and velocity. 
 i

nx   - particle position 
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 i
nv   - particle velocity 

Where n denotes the particle and i denotes the iteration. The position and velocity of each and every particle will be 
updated further basing on their position and velocity in the previous iteration. The equations we use for updating the 
position and velocity are as follows 

 
                                                                 1 1i i i

n n nx x v                                                                                       (1) 
 

                      1
1 1 2 2[ * * *( ) * *( )]i i i i i i

n n n n nv w v c r pbest x c r gbest x                                       (2) 
 

Where pbest and gbest are the best position of each particle and global best positions of the whole swarm respectively. 

1c  ,  2c  - Acceleration coefficients 

1r , 2r  - Random numbers between 0 and 1 
    w - inertia weight  

1i
nx  , 1i

nv  - updated position and velocity of the nth particle  
  

After completing all the iterations, PSO provides the optimal solution by obtaining the global best position i.e., gbest 
value and calculating the fitness function by substituting the obtained gbest value or the position value in it. The fitness 
value will be minimized by these updated position and velocity. The values of the dimensions at which the fitness 
function gets its minimum value will be provided as the optimal solutions of the problem [7]. 

V.     OBJECTIVE FUNCTION AND IMPLEMENTATION 
 

A. OBJECTIVE FUNCTIONS 
 

In power systems, the voltage profile of the network gets affected by the load variations. The main goal of this 
optimization problem is to get an optimal solution so that the voltage profile can be controlled as desired. This process 
can be done by using STATCOM (FACTS device) and thereby minimizing. 

1. Voltage deviations in the system 
2. Power system real power loss  

Here in this paper, the optimal location and sizing of the STATCOM has been obtained by considering the above two 
objective functions separately. The PSO is made to run separately with the above objective functions. 

Case A: Voltage deviation metric as objective function 

In this case the voltage deviation metric is considered as the fitness function. The optimal solution is obtained by 
minimizing the objective function which is as follows [1]. 

                                                                        (3) 

 
Where  
n=1, 2, 3…..14 denotes the number of the bus 
 is the voltage of the nth bus 

14
2

1
( 1)n

n
F V
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Case B: Real power loss as objective function 
In this case, the real power loss is considered as the fitness function. The optimal solution is obtained by minimizing 
the objective function which is as follows 

                                                                                                                             (4) 

                                                                                                                       (5) 

Where  lP  denotes the real power loss in each transmission line,  LtotalP denotes the total real power loss of the 

IEEE-14 bus system, sendingP and receivingP  are the sending and receiving powers of each transmission line [6]. 

B. IMPLEMENTATION 

The sizing criterion of the STATCOM is determined by a value that partially compensates the reactive power, while the 
voltage at any bus of the system does not exceed the allowable limit. Hence, for simplicity the maximum limit of the 
STATCOM size is considered to be 30% of the reactive power load of the system.  
The placement criterion depends on the location of the bus at which the objective function gets its minimum value. The 
generator buses in the system are eliminated from the search process of the optimal location of the STATCOM, as the 
voltages of the generator buses are already get controlled by the automatic voltage regulators (AVR) and other 
controlling equipment. Hence only load buses are considered for the searching process of the STATCOM placement. 
The proposed algorithm has also been tested in the IEEE 14 bus system with the presence of photovoltaic (PV) 
integration. As the power generation over PV systems has been increasing with growing demand in these days, PV 
integrations into the transmission system are gaining significance. For simplicity, it is assumed that the capacity of 
integrated PV generation be 20% of the total real power generation of the existing system without PV integration. 

VI. RESULTS 
 

Case with PV Integration: In this case, it is assumed that PV generation is added to the system. As said earlier, in the 
above section, PV generation of size equal to 20% (approximately) of the real power generation of the considered 
system is added at bus no. 14.  The comparison of the load flow results of the IEEE 14 bus system with and without PV 
integration are as follows.  
 

Table 1 Loss profile 
 

 Without  
PV integration 

With  
PV integration 

Decrement  
of Losses 

Real Power Loss 
(MW) 

 
19.075 

 
14.117 

 
25.99% 

Reactive Power 
Loss (MVAr) 

 
85.555 

 
51.715 

 
39.55% 

 
 
 
 

14

1
lLtotal PF P  

receivingl sendingP P P 
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The comparison of the voltage profile without and with PV integration is as follows. 
 

Table 2 Voltages without and with PV integration 
 

Bus  
Number 

Voltages without  
PV integration (p.u) 

Voltages with  
PV integration (p.u) 

1 1.0600 1.0600 
2 1.0450 1.0450 
3 0.9800 0.9800 
4 0.9772 0.9904 
5 0.9874 0.9991 
6 1.0400 1.0300 
7 1.0080 1.0198 
8 1.0500 1.0600 
9 0.9846 0.9944 

10 0.9833 0.9898 
11 1.0061 1.0047 
12 1.0156 1.0113 
13 1.0061 1.0136 
14 0.9669 1.0300 

 

 
Fig. 1 Voltage profile comparison of base case with PV 

 
The above figure shows that the voltage profile of the PV integrated case is better compared to that of the base case 
without any integration. As PV is integrated at bus number 14, a noticeable change in the voltage magnitude at bus 
number 14 has been observed. 
 
The results of the proposed algorithm with two objective functions, voltage deviation metric and real power loss, are 
shown separately as follow. 
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Case A: Voltage deviation metric as objective function 
Case 1A: With STATCOM  
In this case, optimal location and sizing of the STATCOM is obtained for the test system without any PV integration.  

 
Table 3 Optimal solution for STATCOM 

 
Location (Bus number) 14 
Size (MVAr) 3 
Convergence Rate (%) 60 

 
Table 4 Loss profile 

 
 Without  

STATCOM 
With  
STATCOM 

Decrement  
of Losses 

Real Power Loss (MW)  
19.075 

 
18.882 

 
1.01% 

Reactive Power Loss 
(MVAr) 

 
85.555 

 
85.274 

 
0.32% 

 
The comparison of voltage profile with and without STATCOM is as shown in the figure below. 

 
Fig. 2 Voltage profile comparison of base case with STATCOM 

 
The above figure shows that the voltage profile with the integration of STATCOM into the system is more efficient 
than the voltage profile of the base case without any source for compensation. 
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Case 2A: With PV integration and STATCOM 
In this case, the optimal location and sizing of the STATCOM is obtained by PSO for the considered test system in the 
presence of PV integration at bus number 14 of the system. 

 
Table 5 Optimal solution for STATCOM 

Location (Bus number) 4 
Size (MVAr) 4 
Convergence Rate (%) 96.67 

 
Table 6 Loss profile 

 Without PV 
and 
STATCOM 

With PV  
and 
STATCOM 

Decrement of 
Losses 

Real Power Loss (MW)  
19.075 

 
13.978 

 
26.73% 

Reactive Power Loss 
(MVAr) 

 
85.555 

 
51.003 

 
40.38% 

 
The comparison of voltage profile with and without PV and STATCOM is as shown in the figure below. 

 
Fig. 3 Voltage profile comparison of base case with PV and STATCOM 

 
The above figure shows that the voltage profile of the system with PV integration and STATCOM is better compared 
to that of the base case. Considerable improvement has been observed in the case with the STATCOM. 
 
Case B: Real power loss as objective function 
Case 1B: With STATCOM  
In this case, the optimal location and sizing of the STATCOM is obtained by using PSO for the considered test system 
without any PV integration. 

 
Table 7 Optimal solution for STATCOM 

 
Location (Bus number) 9 
Size (MVAr) 35 
Convergence Rate (%) 100 
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Table 8 Loss profile 
 

 Without 
STATCOM 

With 
STATCOM 

Decrement  
of Losses 

Real Power Loss 
(MW) 

 
19.075 

 
18.344 

 
3.83% 

Reactive Power Loss 
(MVAr) 

 
85.555 

 
83.636 

 
2.24% 

 
 
The comparison of voltage profile with and without STATCOM is as shown in the figure below. 

 
Fig. 4 Voltage profile comparison of base case with STATCOM 

 
The above figure shows the improvement of the voltage profile from the base case to that of the case with the 
integration of only STATCOM. The real power loss objective function yields better results compared to that of the 
voltage deviation metric objective function as shown in the above figure. 
 
Case 2B: With PV integration and STATCOM 
In this case, the optimal location and sizing of the STATCOM is obtained by using PSO for the considered test system 
with PV integration at bus number 14. 
 

Table 9 Optimal solution for STATCOM 
 

Location (Bus number) 4 
Size (MVAr) 35 
Convergence Rate (%) 100 
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Table 10 Loss profile 
 

 Without  
PV and STATCOM 

With  
PV and STATCOM 

Decrement  
of Losses 

Real Power Loss 
(MW) 

 
19.075 

 
13.5275 

 
29.08% 

Reactive Power 
Loss (MVAr) 

 
85.555 

 
49.269 

 
42.41% 

 
The comparison of voltage profile with and without PV and STATCOM is as shown in the figure below. 

 
Fig. 5 Voltage profile comparison of base case with PV and STATCOM 

 
The above figure shows the considerable improvement of the voltage profile in the case of PV and STATCOM 
compared to that of the base case without any integration. 

VII. DISCUSSION 
 

In this paper, IEEE 14 bus system has been considered for the testing of the proposed algorithm. The line data and bus 
data are adapted from [6]. As the PSO is a randomization process, it cannot be said that the solution obtained in the first 
run of the algorithm is appropriate. Hence the PSO is made to run for 30 trails for each case. In each of the 30 trails, 
PSO converges to a feasible solution. These feasible solutions may or may not get repeated in all the trails, which 
determines the convergence of that solution. Simply, convergence rate is the rate at which a feasible solution got 
repeated over all the trails been done. 
Of all 30 feasible solutions, the solution with highest convergence rate is considered as the optimal solution. The 
location of the PV is not computed by the algorithm. For simplicity, it is assumed that the PV is integrated at the bus 
which has lowest voltage in the existing system. Here in this case bus number 14 has the lowest voltage in the existing 
system. Hence the prescribed size (20% of the real power generation of the system) is integrated at bus number 14.  
The results of the PSO technique for optimal allocation of STATCOM are found reliable both in the cases of the test 
system with and without PV integration. Therefore, in these cases, the effectiveness of STATCOM on voltage profile 
and load flows of the system has been studied. 
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VIII. CONCLUSION 
 

In this paper, the test system with and without STATCOM, before and after the integration of PV in the network has 
been analyzed. The improvement is more significant, when real power loss is considered as objective function rather 
than voltage deviation metric. However, the performance of the test system in terms of real power losses, reactive 
power losses and voltage profile has been improved compared to that of the base case. Even for the future expansion of 
power systems, the use of PSO will result in more flexibility in the solution.  
 

REFERENCES 
 

[1] Y. del Valle, J. C. Hernandez, G. K. Venayagamoorthy and R G. Harley, “Optimal STATCOM Sizing and Placement Using Particle Swarm 
Optimization”,  IEEE/PES Transmission & Distribution Conference and Exposition: Latin America, 2006, pp. 1-6. 

[2] K. Ravi and M. Rajaram, “Optimal Location of FACTS Devices using Improved Particle Swarm Optimization”, Electrical Power and Energy 
Systems, 49(2013), pp. 333-338. 

[3] Mohamed A. Eltawil, Zhengming Zhao, “Grid-connected photovoltaic power systems: Technical and potential problems-A review”, 
Renewable and Sustainable Energy Reviews, 14(2010), pages 112-129. 

[4] T. Murali Mohan, V. S. Vakula, “Comparative analysis of perturb & observe and fuzzy logic maximum power point tracking for a 
photovoltaic array under partial shading conditions”, Leonardo Journal of Sciences, Issue 27, July-December 2015, pages 1-16. 

[5] Silviu Darie, Guidelines for large photovoltaic system integration, www.poweranalytics.com  
[6] Sarika Varshney, Laxmi Srivastava and Manjaree Pandit, “Comparison of PSO models for optimal placement and sizing of STATCOM”,  

International Conference on Sustainable Energy and Intelligent Systems (SEISCON 2011), July 2011, pp. 346-351. 
[7] K.Kumarasamy and R. Raghavan, “Particle Swarm Optimization algorithm for voltage stability improvement using multiple STATCOM”, 

International Conference on Emerging Trends in Electrical Engineering and Energy Management, 2012, pp. 235-242. 
[8] Seraj Ahamad, Prof. Aziz Ahmed, Prof. M.A Khan and Sharad Kumar Pandey, “Optimal Location of STATCOM Using PSO in IEEE 30 Bus 

System”, International Journal Of Advance Research In Science and Engineering, May 2013, Vol. No. 2, Issue No.5, pp. 156-165. 
[9] Noopur Sahu and Ankit Dubey, “Optimal location of statcom using particle swarm optimization in IEEE-14 Bus System to Improve Voltage 

Profile & THD reduction”,  International Journal of Science and Research, March 2015, Volume 4, Issue 3, pp. 2595-2601. 
[10] Heba A. Hassan, Zeinab H. Osman, Abd El-Aziz Lasheen, “Sizing of STATCOM to Enhance Voltage Stability of Power Systems for Normal 

and Contingency Cases”,  Smart Grid and Renewable Energy, 2013, 5, 8-18. 
[11] Aysen Demiroren and Merve Guleryuz, “PSO Algorithm-Based Optimal Tuning of STATCOM for Voltage Control in A Wind Farm 

Integrated System”, International Conference on Emerging Trends in Electrical Engineering and Energy Management , 2012, pp. 235-242. 
[12] Manisha Jaswani, Satyadharma Bharti and Dr. S. P. Dubey, “A Study of Reactive Compensation In Transmission System”, International 

Journal of Advanced Engieering Research and Studies, Vol. IV, Issue II, Jan-March, 2015, pages 351-353. 
[13]  Dharamjit and D. K. Tanti, “Load Flow Analysis on IEEE 30 bus System”, International Journal of Scientific and Research Publications, 

Volume 2, Issue 11, November 2012. 
[14] Satyajit Bhuyan, Sanjib Hazarika and Aroop Bardalai, “Power Flow Analysis on IEEE 57 bus System using MATLAB”, International Journal 

of Engineering Research and Technology, Vol. 3, Issue 8, August 2014, pages 1161-1171. 
[15]  Irinjila Kranti Kiran, Jaya Laxmi. A, “Shunt versus series compensation in the improvement of power system performance”, International 

Journal of Applied Engineering Research, 2011, Volume 2, No. 1, pages 28-37. 
[16]  D. J. Hanson, M. L. Woodhouse, C. Horwill, D. R. Monkhouse and M. M. Osborne, “STATCOM : a new era of reactive compensation”, 

Power Engineering Journal, June 2002, pages 151-160. 
[17]  Adepoju, G. A., Komolafe, O.A., “Analysis and Modelling of Static Synchronous Compensator (STATCOM) : A comparison of Power 

Injection and Current Injection Models in Power Flow Study”, International Journal of Advanced Science and Technology, Vol. 36, November, 
2011, pages 65-76.  

[18]  Murali Mohan T, Vakula V S, “Performance of P&O MPPT & fuzzy logic MPPT in a photovoltaic grid integrated system”, International 
Journal of Engineering Applied Science and Technology, Vol. 1, Issue 5, April 2016, pages 96-102. 
 

http://www.ijirset.com
http://www.poweranalytics.com

