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1.Introduction 
In recent years, it can be seen there are many Flexible 

AC Transmission System (FACTS) devices installed 

in transmission networks. This is due to the 

complexity connection of transmission network and 

high penetration of renewable energy into the system 

[1]. FACTS devices are power electronic based 

devices that normally used with the combination of 

power system devices to improve the controllability 

and stability of transmission network and to increase 

the capacity for power transfer. Under normal and 

contingency conditions, FACTS devices allow active 

power to flow through transmission lines. FACTS 

controllers have the ability to regulate the parameters 

governing the operation of the transmission network, 

including series impedance, shunt impedance, 

current, voltage, phase angle, and therefore 

oscillation damping at multiple frequencies below the 

rated frequency [2, 3]. 
 

 
*Author for correspondence 

Typical FACTS devices are Static VAR 

Compensator (SVC), Static Compensator 

(STATCOM), TCPST, etc. SVC is the most popular 

FACTS device used in transmission system. That is 

because it is cheaper than other FACTS devices. SVC 

is suitable for regulating voltage, refining transient 

stability, reducing temporary overvoltage and 

increasing power damping. The main function of the 

SVC is to regulate the voltage at the selected bus by 

regulating the reactive injection location [4]. SVC's 

characteristics are capacitive and inductive, which 

can be used to increase or decrease the reactance in 

transmission system. As a result, the static voltage 

safety margin improves the voltage profile and power 

losses decrease [5]. SVC can also generate and 

absorb reactive power at the connection point, 

usually in the center of the high-voltage transmission 

line. SVC has the ability to maintain the voltage 

magnitude of the long transmission line, thereby 

increasing the capacity of the transmission line. SVC 

controls the terminal voltage by regulating the 
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Deviation Index (VDI) reduction, along with the identification of the Static VAR Compensator (SVC) sizing. The 

objective of this optimization problem is to find the best location and sizing of SVC units that result in low total system 

loss and low value of VDI. Two case studies have been introduced in solving the problem: (N-1) line contingency and 

reactive power loading. It is found that the proposed approach is suitable to be used to solve optimal SVC placement 

problem as it has managed to achieve minimum total system loss and lower down the value of VDI by finding the best 

location and size of the SVC units in the transmission network. For example, for case 1 ((N-1) line contingency), AIS 

found bus 11 and bus 13 are the suitable locations to install SVC1 and SVC2 with the corresponding sizes of 55.25 MVAR 

(injecting) and 53.04 MVAR (injecting), respectively for total system loss minimization. The loss has reduced from 17.68 

MW to 15.84 MW after the installation of the SVC units.  

 

Keywords 
FACTS devices, Static VAR compensator, Voltage deviation index, Artificial immune system. 

 



Mohammad Haikal Aziz et al. 

406 

 

amount of reactive power injected into or absorbed 

from the buses. SVC generates reactive power when 

the terminal voltage is low and absorbs reactive 

power when the terminal voltage is high [6]. 

 

An optimization technique is required for the 

placement of SVC in the transmission network. In the 

last 15 years, scientists and engineers have proposed 

many optimization techniques to find optimal 

location to install SVC in transmission network. 

Some of the techniques are Cuckoo search algorithm 

[7], Branch & Bound (B&B) algorithm [8], mesh 

adaptive direct search algorithm [9], Particle Swarm 

Optimization (PSO) [10], etc. SVC optimal 

placement problems have been solved with several 

objectives such as to minimize system losses, to 

improve voltage stability, to increase worst-case 

power system reactive margin and to reduce 

installation cost. 

 

This paper proposes to use a popular computational 

intelligence-based technique called the Artificial 

Immune System (AIS) to solve the optimal SVC 

placement problem. AIS has been used to solve 

several power system optimization problems like 

economic power dispatch, optimal distributed 

generation installation, load shading, estimation of 

network state, etc. AIS is used in conjunction with 

the VDI to optimally place the SVC in the 

transmission network. The goals of solving this 

optimization problem are to minimize power system 

losses and reduce VDI value. A reduced VDI value is 

crucial in ensuring transmission network voltage 

stability. The IEEE 30-Bus Reliability Test System 

(RTS) was used to demonstrate the implementation 

of AIS and VDI. Furthermore, two case studies were 

conducted to solve the SVC placement problem. First 

case is (N-1) line contingency, second case is reactive 

power loading. It is found that AIS and VDI find the 

best location and size of the SVC in transmission by 

giving low total system loss and low VDI. 

 

2.Methodology 
Based on the size of the IEEE 30-Bus RTS, it was 

decided to install two SVC units in the system. 

Figure 1 shows IEEE 30-Bus RTS. The system has 

six generators and forty-one transmission lines. The 

best location for SVC units is obtained from all 

system bus VDI values. VDI shows how the bus 

voltage has deviated from the benchmark value. The 

lower the VDI value, the better the bus. SVC units 

are installed at buses with two highest VDI values. 

The VDI can be written mathematically as follows: 

    ∑ (
         

      
)

 
 
      (1) 

 

Where        is the benchmark voltage at i
th

 bus and 

   is voltage at i
th

 bus. 

 

Subsequently, the size of the SVC units is found 

using AIS. It is either supply reactive power or 

absorb reactive power to the system. 

 

There are two case studies conducted for solving 

optimal SVC placement problem: (N-1) line 

contingency and reactive power loading. After 

knowing the best location of SVC units from the VDI 

values, AIS is launched to obtain the best sizing for 

the SVC units. Figure 2 illustrates AIS' process of 

finding optimal SVC units. The figure is explained in 

detail as follows: 

 

Step 1: Initialization 

During initialization process, random value of control 

variables is generated to form a population with the 

size of twenty. The control variable is the size of the 

two SVC units. The SVC units' maximum and 

minimum capacity are considered while generating 

the initial values. 

Step 2: Cloning Process 

The AIS algorithm continues with the cloning 

process. During this process, the initial population is 

multiplied by ten to produce a big population with the 

size of two hundred. At the end of the cloning 

process, the fitnesses of the optimization are 

calculated. The fitnesses for this problem are total 

system loss and VDI. Equation (1) is used to 

calculate the VDI and equation (2) is used to 

calculate the total system loss. 

      ∑      
    

          (     )
 
      

{       }    (2) 

 

Where: 

    = conductance of     line, 

   and    = bus   voltage magnitude and angle, 

respectively, 

   and    = bus   voltage magnitude and angle, 

respectively, and 

   = number of transmission 

network lines. 
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Figure 1 IEEE 30-Bus RTS [11] 

 

Step 3: Mutation 

Subsequently, the cloned population is mutated using 

Gaussian mutation method to produce a new 

population with the same size. The Gaussian 

mutation equation can be represented as follows: 

             (   (             ) (
  

    
)) 

     (3) 

Where: 

        = mutated individual, 

      = cloned individual, 

   = random variable in Gaussian with mean   

and variance   , 

   = mutation scale,      , 

       = maximum value of control variable, 

        = minimum value of control variable, 

    = fitness value for the i
th

 random number, 

and 

      = maximum fitness value 
 

Step 4: Selection 

In this selection process, twenty best individuals are 

selected for the next process. Firstly, the two hundred 

mutated individuals are ranked in ascending order 

with respect to their fitness value which is total 

system loss. The individual with lowest fitness value 

will be at the top of the matrix while the individual 

with highest fitness value will be at the bottom. After 

the population is ranked, twenty top individuals will 

be picked to undergo the convergence test. 

 

Step 5: Convergence Test 

Convergence test is used to indicate the AIS 

algorithm has found the global optima. This is done 

by setting a stopping criterion of the difference 

between the 1
st
 and the 20

th
 fitness value is 0.00001. 

It is said to be converged if the difference is equal or 

less than 0.00001. It is as illustrated in equation (4). 

                                           

     (4) 
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Figure 2 AIS algorithm for finding the optimal size of SVC 

 

3.Results and discussion 
There are two case studies conducted in finding 

optimal placement of SVC units in the IEEE 30-Bus 

RTS using VDI and AIS. It starts with (N-1) Line 

Contingency and followed by reactive power loading. 

For each case, the optimization problem is solved 

with two different objectives: total system loss 

minimization and VDI reduction. 

 

3.1Case 1: (N-1) line contingency 

For the first case, one weak transmission line is put 

on outage. For the IEEE 30-Bus RTS, line 10-22 is 

the weak bus and it is put on outage. In this case, the 

buses with the highest values of VDI are buses 11 

and 13. Therefore, SVC are installed at these buses. 

AIS is launched subsequently to identify the SVC 

units' best size. Table 1 shows the optimization result 

for this case. 

 

It can be seen from Table 1 that AIS the sizes of 

SVC1 and SVC2 are 55.25 MVAR and 53.04 

MVAR, respectively. Furthermore, both SVC units 

are absorbing reactive power from the system. At the 

same time, the total system loss has reduced from 

17.68 MW to 15.84 MW when SVC units are 

installed at bus 11 and bus 13 with the mentioned 

sizes. 

 

Table 2 shows the optimization result for VDI 

reduction for the first case study. As referred to the 

table, it can be observed that the lowest VDI value in 

the IEEE 30-Bus RTS has reduced to 0.0066 from 

0.0211 after SVC1 and SVC2 are optimally installed 

at bus 11 and bus 13 with the sizes of 67.56 MVAR 

(absorbing) and 13.72 MVAR (absorbing), 

respectively. This shows that SVC units have helped 

to maintain the voltage stability of the transmission 

network when one transmission line is on outage. 

 

Table 1 Optimization results from AIS implementation for case 1 (total system loss minimization) 

SVC Unit Location (Bus No.) Size (MVAR) 
Total system loss (MW) 

Without SVC With SVC 

SVC1 11 -55.25 
17.68 15.84 

SVC2 13 -53.04 
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Table 2 Optimization result from AIS implementation for case 1 (VDI reduction) 

SVC Unit Location (Bus No.) Size (MVAR) 
Lowest VDI Value 

Without SVC With SVC 

SVC1 11 -67.56 0.0211 0.0066 

SVC2 13 -13.72 

3.2Case 2: reactive power loading 

In this second case, the reactive power load of bus 26 

is increased to 5 MVAR and 10 MVAR from its 

original load of 2.3 MVAR. This is because bus 26 is 

considered as one of the weak buses in the IEEE 30-

Bus RTS based on the study made in [12]. Similar to 

the first case, it was found that bus 11 and bus 13 

have the highest VDI values compared to the other 

buses. Therefore, SVC1 and SVC2 are placed at the 

bus 11 and bus 13, respectively. Then, AIS is 

launched to obtain the best sizes of the two SVC 

units. 

 

Table 3 shows the optimization result of total system 

loss minimization for the case study 2 when  
QLoad(26) = 5 MVAR and QLoad(26) = 10 MVAR. It is 

found that the total system loss for both conditions 

has reduced significantly to 16.22 MW and 17.89 

MW for QLoad(26) = 5 MVAR and QLoad(26) = 10 

MVAR, respectively. The optimal locations of SVC1 

and SVC2 for condition QLoad(26) = 5 MVAR are bus 

11 and bus 13 with the sizes of 55.25 MVAR 

(absorbing) and 25.29 MVAR (absorbing), 

respectively. While for condition QLoad(26) = 10 

MVAR, the best location are bus 11 and bus 13 with 

the sizes of 53.04 MVAR (absorbing) and 29.37 

MVAR (absorbing), respectively. 

 

Optimization result from AIS implementation for 

case study 2 of VDI reduction is tabulated in Table 4. 

Based on the VDI values for all buses in the IEEE 

30-Bus RTS, it is found that the best location for 

SVC1 and SVC2 are bus 11 and bus 13 for both 

conditions of QLoad(26). 

 

AIS managed to lower down the value of the lowest 

VDI in the system from 0.0206 to 0.0072 for QLoad(26) 

= 5 MVAR and from 0.0199 to 0.0026 for QLoad(26) = 

10 MVAR after the SVC units are installed. This 

indicates that the transmission network’s voltage 

stability has improved after the VDI is optimized 

using AIS for the both conditions of QLoad(26). The 

sizes of SVC1 and SVC2 for QLoad(26) = 5 MVAR are 

13.72 MVAR (absorbing) and 82.13 MVAR 

(supplying), respectively. While for QLoad(26) = 10 

MVAR, the sizes are 82.66 MVAR (absorbing) and 

59.24 MVAR (absorbing) for SVC1 and SVC2, 

respectively. 

 

Table 3 Optimization result from AIS implementation for case 2 (total system loss minimization) 

                 

SVC Unit Location (Bus No.) Size (MVAR) 
Total System Loss (MW) 

Without SVC With SVC 

SVC1 11 -55.25 
17.72 16.22 

SVC2 13 -25.29 

                  

SVC Unit Location (Bus No.) Size (MVAR) 
Total System Loss (MW) 

Without SVC With SVC 

SVC1 11 -53.04 
18.23 17.89 

SVC2 13 -29.37 

 

Table 4 Optimization result from AIS implementation for case 2 (VDI reduction) 

                 

SVC Unit Location (Bus No.) Size (MVAR) 
Lowest VDI Value 

Without SVC Without SVC 

SVC1 11 -13.72 
0.0206 0.0072 

SVC2 13 82.13 

                  

SVC Unit Location (Bus No.) Size (MVAR) 
Lowest VDI Value 

Without SVC With SVC 

SVC1 11 82.66 
0.0199 0.0026 

SVC2 13 59.24 
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4.Conclusion  
The implementation of Artificial Immune System 

(AIS) for total system loss minimization and Voltage 

Stability Index (VDI) reduction has been presented in 

this paper, along with the identification of the SVC 

sizings. Two case studies have been conducted, 

which are (N-1) line contingency and reactive power 

loading to investigate the capability of the proposed 

approach in optimizing two different objective 

functions: total system loss and VDI reduction. The 

proposed approach successfully minimized the total 

system loss and the lowest value of VDI for the IEEE 

30-Bus RTS by placing the two SVC units at optimal 

locations with optimal sizing. For future work, 

instead of using VDI to find the optimal location and 

AIS for the optimal sizing, both location and sizing 

of SVC can be found using the computational 

intelligence technique of AIS. This requires a 

modification on the current algorithm. Furthermore, 

other recent optimization techniques such as 

Symbiotic Organism Search (SOS) and Firefly 

Algorithm (FA) can be used to solve this optimal 

SVC placement problem more efficiently.  
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