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Abstract 

Flexible AC transmission system (FACTS) devices in power systems play a vital role in power system 

performance, such as improving system stability, increasing system loading capability and reducing 

losses. To maximize their benefits, these devices must be located optimally. In this paper, optimal 

location of SVC is obtained by use of voltage and loss benefit factors. These are evaluated and weighted 

by analytical hierarchy process (AHP). System performance in terms of voltage, real power losses and 

cost of generation is investigated with SVC incorporation. Time taken to recover capital cost of SVC is 

also evaluated at the end. The proposed method is tested on the WSCC 9-bus test system, and results 

obtained show an improved voltage profile. 

 

Keywords: Benefit factors, SVC, AHP, optimal placement. 

 

1. INTRODUCTION 

Transmission of reactive power results to increased losses in the transmission system, decrease in the real 

power transmitted, and changes in the voltage amplitude at the end of transmission lines. It is therefore 

necessary to provide reactive power compensation at the right location in the power system, in order to 

enhance power transfer capability of transmission lines, reduce losses and improve voltage stability (Salih, 

2012) (Nagrath, 2003). Traditionally, the location of new VAr sources was either simply estimated or 
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directly assumed (W. Zhang, 2007). With deregulation of electricity markets, traditional concepts and 

practices of power systems are changing. FACTS devices such as static VAr compensators (SVC), thyristor 

controlled series compensators (TCSC) and unified power flow controllers (UPFC) are being adopted in 

many countries (P.P.Bedekar, 2012). 

 

FACTS devices are power electronic based devices which can change transmission system parameters such 

as line impedance, voltage magnitude and phase angle. This can reduce flows in heavily loaded lines, lower 

system losses and improve stability of the network. In order to benefit from these devices, it is important to 

ascertain their placement, owing to their significant capital costs (R. S. Lubis, 2012). Optimal location of 

different FACTS devices has been attempted using various techniques over the last few years. Bhaladhare 

and Bedekar in (P.P.Bedekar, 2012) discusses the optimal placement of FACTS devices based on voltage 

stability index (VSI). The authors obtain the best location and operating parameters of FACTS devices with 

aim of improving voltage profile in a power system. Location and type of various FACTS controllers has 

also been investigated in (R. S. Lubis, 2012). The authors test optimal location and size of FACTS devices 

using two methods: the N-1 contingency criteria and the sensitivity of system loading factor, with the 

objective of improving voltage stability. 

 

The effect of unified power flow controller (UPFC) on voltage profile was investigated on the IEEE 30 bus 

system in (A. Debnath, 2013) using Newton- Raphson power flow analysis method. Tabatabaei et al. in (N. 

Tabatabaei, 2011) presents adaptive particle swarm optimization (APSO), mixed with simulated annealing 

(SA) methods for ascertaining optimal location of FACTS devices to achieve minimum VAr cost while 

satisfying the power system constraints. This study seeks to obtain the optimal location of SVC by use of an 

OPF minimization algorithm. Benefit factors are evaluated from OPF solution and weighted by use of 

analytic hierarchy process (AHP). System performance is investigated and payback period for SVC 

evaluated to determine if it would be an economical investment. The paper is organized as follows: section 2 

presents power system voltage control, reactive power compensation and optimal placement of SVC. The 

case study is given in section 3. Simulation results and discussion are found in section 4, while section 5 

concludes the paper. 

 

2. REACTIVE POWER AND VOLTAGE CONTROL 

In an interconnected electrical network, power flow obeys Kirchoffs laws. The real power flow along a 

lossless line at surge impedance loading (SIL) remains constant from sending end to receiving end, and the 

reactive power flow is zero. In practice, power lines are not terminated by their surge impedance. Loading 

can vary from a small fraction of SIL during light load conditions, to multiples of SIL during heavy load 

conditions. If a line is not terminated by its surge impedance, the voltage profile is not flat. System voltage 

should be kept within acceptable limits to avoid damaging equipment, to improve stability and to minimize 

system losses (Nagrath, 2003) (J. D. Glover, 2008). Generally, the value of line resistance is small compared 

to its reactance and is often neglected. The reactive power transferred to the receiving end of a transmission 

line can be approximated as: 

�� = |��|
� |∆�|                                                                            (1) 

where: 

1. ��: voltage at the receiving end. 

2. X: line reactance. 

3. |��| − |��|  =  ∆�: magnitude of voltage drop across the transmission line. 
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Fig. 1: Power injection model of SVC 
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The reactive power injected or drawn by the SVC at bus � is: 

���� = �������                                                                              (2) 

 

where: 

1. �� - voltage at bus �. 
2. ���� - SVC susceptance. 

 

2.2 Optimal location of SVC 

Due to the high cost of FACTS devices, it is necessary to locate them optimally to maximize their benefits. 

Voltage and loss benefit factors were used in (Zhu, 2007) to identify weak buses for reactive power support 

in the IEEE 30 bus system. The author used a performance index (PI) to rank the buses. This index reflected 

the relative importance of load buses according to their position in the power network, based on the 

engineer’s knowledge and experience. The main aim of adding VAr support to a system is to improve the 

voltage profile and minimize real power losses (Nagrath, 2003), hence the choice of VBF and LBF 

indicators. In this paper, voltage and loss benefit factors are evaluated and weighted by the analytic 

hierarchy process (AHP), to obtain the optimal location for SVC. These are evaluated for each load bus. 

 

2.2.1. Voltage benefit factor (VBF) 

This is the sensitivity of system voltage with respect to reactive power injected or drawn from a given bus. 

During heavy loading, a positive VBF is preferred since injection of reactive power raises the system 

voltage. During light loading, a negative VBF is preferred since consumption of reactive power lowers the 

system voltage. 

���� = � �(��(���) − ���)
�(��) �

�

���
                        � ∈                                           (3) 

 

 

2.2.2 Loss benefit factor (LBF) 

This is the sensitivity of real power losses with respect to reactive power injected or drawn from a bus. A 

positive LBF indicates reduction in the total real power loss while a negative LBF indicates an increase in 

real power losses with VAr support. 

"��� = � �#$%� − $%(���)&
�(��) �

�

���
                        � ∈                                           (4) 

where: 

1. n - number of load buses. 

2. ��� - amount of VAr support in the bus. 

3. ��(���) and ��� - voltage magnitude at load bus i with and without VAr support respectively. 

4. $%(���) and $%� - transmission loss in the system with and without VAr support respectively. 

The largest value of VBF might not always coincide with the largest value of LBF. This is attributed to 

generation rescheduling and the change in line flows as reactive power is injected or consumed locally (Zhu, 

2007). A decision making tool can be employed to aggregate the two benefit factors and obtain the best 

location for VAr support. 
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3.1 Generator data 

Bus no. Pmin (MW) Pmax (MW) Qmin (MVAr) Qmax (MVAr) a b c 

1 10 250 -300 300 0.110 5.000 150 

2 10 300 -300 300 0.085 1.200 600 

3 10 270 -300 300 0.123 1.000 335 

Table 3: Generator limits and cost coefficients 

 

3.2 Load data 

Bus number P(MW) Q(MVAr) 

5 125 50 

6 90 30 

8 100 35 

Table 4: Load data 

 

3.3 Line data 

From bus To bus R (p.u.) X (p.u.) B (p.u.) 

1 4 0.000 0.058 0.000 

2 7 0.000 0.063 0.000 

3 9 0.000 0.059 0.000 

4 5 0.010 0.085 0.176 

4 6 0.017 0.092 0.158 

5 7 0.032 0.161 0.308 

6 9 0.039 0.170 0.358 

7 8 0.009 0.072 0.149 

8 9 0.012 0.101 0.209 

Table 3: Line data 

 

Simulations were done in MATPOWER (version 2), a toolbox of MATLAB with the objective of 

minimizing the total cost of generation. The base load was linearly increased to maximum load. Only results 

at twice the base load (630MW) are presented. 

 

4. RESULTS AND DISCUSSION 

4.1 Optimal location of SVC 

Voltage and loss benefit factors were computed for all load buses and weighted using AHP to obtain the best 

location.  

 

4.1.1 Voltage benefit factors (VBF) 

SVC Site ����  (>�?@) Voltage change VBF 

Bus 4 185.7200 0.2860 0.0015 

Bus 5 145.5900 0.3360 0.0023 

Bus 6 90.3000 0.2050 0.0023 

Bus 7 166.9600 0.2440 0.0015 

Bus 8 143.1400 0.2690 0.0019 

Bus 9 134.1000 0.1770 0.0013 

Table 6: Voltage benefit factors 
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It is observed that bus 5 and 6 have the largest VBFs. 

4.1.2 Loss benefit factors (LBF) 

SVC site ����  (>�?@) Loss (MW) Change in loss (MW) LBF 

Bus 4 185.7200 16.8240 1.4280 0.008 

Bus 5 145.5900 15.4220 2.8300 0.019 

Bus 6 90.3000 16.9020 1.3500 0.015 

Bus 7 166.9600 16.9080 1.3440 0.008 

Bus 8 143.1400 17.0210 1.2310 0.009 

Bus 9 134.1000 17.5850 0.6670 0.005 

Table 7: Loss benefit factors 

 

From table 7, it is also seen that buses 5 and 6 have the largest LBFs. For larger power systems, the highest 

VBF and LBF might not always coincide and vice versa. For instance, a situation might arise where bus 5 

has a higher VBF than bus 6, but its LBF is less than the one for bus 6. Use of AHP makes it easier to rank 

the two buses, as the bus with a larger weight coefficient would be more suitable for SVC placement. 

 

4.1.3 Analytic hierarchy process (AHP) weighting 

The judgment matrix modifies VBF and LBF in tables 6 and 7. Results are shown in table 8. 

SVC site VBF LBF Weights Rank 

Bus 4 0.00154 0.00769 0.006 5 

Bus 5 0.00231 0.01944 0.014 1 

Bus 6 0.00227 0.01495 0.011 2 

Bus 7 0.00146 0.00805 0.006 4 

Bus 8 0.00188 0.00860 0.006 3 

Bus 9 0.00132 0.00497 0.004 6 

Table 8: AHP ranking 

 

From table 8, it is seen that bus 5 has the highest AHP weight, and is the best location for SVC. Buses 6 and 

8 are the other top sites. Obtained results agree with findings in reference (P.P.Bedekar, 2012) which uses 

the L-index to identify weak buses for VAr support in the WSCC 9-bus system. 

 

4.2 Voltage profile 

The SVC is placed on bus 5 and a comparison of voltage magnitude done. 

 
Fig. 4: Voltage magnitude 
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It is observed that SVC installation significantly improves system voltage profile. Bus 5 and 6 had the 

lowest voltage magnitude of 0.878p.u. and 0.918p.u., which rises to 1.023p.u. and 0.965p.u respectively, 

with SVC. The full data is given in tables 9 and 10 below. 

Bus no. Without SVC SVC on bus 4 SVC on bus 5 SVC on bus 6 

1 1.04 1.04 1.04 1.04 

2 1.025 1.025 1.025 1.025 

3 1.025 1.025 1.025 1.025 

4 0.965 1.05 1.021 0.999 

5 0.878 0.95 1.023 0.908 

6 0.918 0.986 0.965 1.008 

7 0.974 0.995 1.012 0.986 

8 0.944 0.965 0.975 0.961 

9 0.993 1.012 1.012 1.015 

Table 9: Voltage magnitude with SVC on buses 4, 5 and 6 

Bus no. Without SVC SVC on bus 7 SVC on bus 8 SVC on bus 9 

1 1.04 1.04 1.04 1.04 

2 1.025 1.025 1.025 1.025 

3 1.025 1.025 1.025 1.025 

4 0.965 0.986 0.982 0.98 

5 0.878 0.924 0.911 0.896 

6 0.918 0.941 0.945 0.951 

7 0.974 1.05 1.022 0.992 

8 0.944 1 1.05 0.98 

9 0.993 1.015 1.031 1.05 

Table 40: Voltage magnitude with SVC on buses 7, 8 and 9 

 

4.3 Capital cost recovery 

The capital cost of SVC is obtained from Siemens AG database (N. Tabatabaei, 2011) as: 

A��� = 0.003*� 0 0.3051* 0 127.38 $/E�?@                                    (13) 

where S is the operating range of SVC in MVAr.  

The optimal size of SVC is taken to be the corresponding reactive power drawn/injected to the system at the 

optimal solution. From simulations, the optimal size of SVC is 146MVAr at a load of 630MW (twice the 

base load). The capital cost is obtained using (13) as US $6,350,382.78. It is assumed that savings made due 

to SVC utilization go towards paying the initial capital cost. 

Table 11 shows savings attained when SVC is installed in the system. 

 

 

Cost of generation  $/hr 

Without SVC 17,076.29 

With SVC 16,938.41 

Savings 137.88 

 

Table 51: Savings 



European International Journal of Science and Technology              ISSN: 2304-9693          www.eijst.org.uk 

 
 

106 

With assumed utilization factor of 60%, the payback period is 8.8 years. FACTS devices are approximated 

to have an economic life of 10 to 20 years, though an SVC has been in operation for over 20 years in 

Zambia (Shi, 2006) (Milanovic, 2010). 

 

5 CONCLUSION AND RECOMMENDATIONS  

A method for optimal placement of SVC by use of benefit factors was presented in this paper. The proposed 

method was tested on the WSCC 9-bus test system and results show that SVC placement on the appropriate 

bus results in an improved voltage profile. The payback period for SVC was found to be 8.8 years, which is 

relatively long. The proposed method can also be applied on larger systems and compared with newer 

approaches to test it accuracy. 
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