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Abstract—  

 

Due to huge increase in load, modern power system networks 

are being operated under highly stressed conditions. As a 

result, power system networks find it extremely difficult to 

meet reactive power requirement and maintain the bus voltage 

of power system within acceptable limits. In this work, 
artificial bee colony algorithm (ABC) is proposed for 

enhancing and controlling power flow using Flexible AC 

transmission system (FACTS) controllers. The objectives 

considered are enhancement of system loadability, reduction 

of Installation cost of devices and reduction of transmission 

loss.  Three types of FACTS devices such as Static VAR 

compensator (SVC), Thyristor controlled series compensator 

(TCSC) and unified power flow controller (UPFC) are used. 

The optimal location and parameter setting of FACTS devices 

is achieved using ABC algorithm. In this paper SVC device is 

implemented on IEEE 57 and IEEE 118 bus systems using 
MATLAB platform. The power flows are analyzed. The 

results obtained are compared with existing literature. The 

results indicates that the proposed algorithm gives better 

improvement in system loadability, reduction of transmission 

loss and installation cost. Hence the proposed algorithm will 

be useful in restricting of power networks. 
 

Keywords: static var compensator, optimal location, artificial 

bee colony algorithm 

 

 

I.  INTRODUCTION  

Voltage instability has been a major concern in power 

systems, especially in planning and operation [1-3]. Voltage 

stability is concerned with the ability of a power system to 

maintain acceptable voltage at all buses in the system under 

normal conditions and also after being subjected to a 

disturbance [4-8]. Some of the causes of voltage instability are 

(i) increase in load demand; (ii) changes in system condition 

(iii) load centres far from generation locations; (iv) overloaded 

transmission lines; (v) inability to meet reactive power 

demand. Voltage instability is the absence of voltage stability, 

and results in progressive voltage decrease (or increase). In 

recent years, voltage instability has been responsible for 

several major network collapses. 

Flexible AC Transmission Systems (FACTS) was 

introduced in the late 1980 by the Electric Power Research 

Institute (EPRI), USA. FACTS is defined as a power 

electronic based system with other static equipment, providing 

control of one or more AC transmission system parameters to 

enhance controllability and increase in power transfer 

capability [9]. FACTS has made power systems operation 

more flexible and secure. It has the ability to control the phase 

angle, the voltage magnitude at chosen buses and line 

impedance of transmission system in a quick and effective 

manner. It also controls active as well as the reactive power 

flow over a line [10, 11]. 

     FACTS devices are revolutionary power transmission 

networks, leads increasing efficiency and stability of power 

systems [12].Control the reactive power flow for more 

efficient use of transmission lines using FACTS devices. [13]. 

FACTS devices can also significantly reduce voltage sags in 

the system and in modifying the effects of the remaining sags 

to minimize the high associated costs of equipment 

disoperation [14]. Voltage sag is defined as a short duration 

reduction of the root mean square value of AC voltage lasting 

between half a cycle and several cycles [15]. Voltage 

instability is considered as a primary concern in power 

systems mainly in planning and operation. Several power 

interruptions are related due to voltage instability [16-18]. 

Some of the factors for voltage instability are power system 

configuration, generation pattern and load pattern [19-21]. 
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Proper location is a key to maximizing the benefits of the 

FACTS devices [22]. The location of FACTS devices is 

dependent on static or dynamic performances of the system. 

The sensitivity factor methods are used to find the best place 

to improve the static performance of the system [23].Meta 

heuristic Grey Wolf Optimizer (GWO) algorithm to solve 

OPF problems equipped with shunt connected FACTS device 

SVC[24].The TCSC location-allocation problem is formulated 

as a mixed integer nonlinear program, and proposes a novel 

decomposition procedure for determining the optimal location 

of TCSCs and their respective size for a network[25].An 

adaptive differential evolution algorithm to allocate TCSC 

incorporated with the reactive power management 

problem[26].For the restructuring power system (RPS), the 

self-adaptive differential evolutionary (SADE) algorithm is 

proposed for enhancing and controlling the power flow using 

UPFC under practical security constraints (SCs)[27].  

This paper presents optimal location and sizing of FACTS 

devices SVC using ABC algorithm. In this work, SVC is 

modeled as a reactive source added at both ends of the line. 

The optimal location is done to maximize system loadability, 

reduce transmission loss, and installation cost of FACTS 

devices. The cost function of SVC are taken from Siemens 

database [28]. The developed code is tested on IEEE-57 bus 

and IEEE-118 bus test systems in MATLAB platform. 

 

II. MODELING OF STATIC VAR COMPENSATOR 

SVC is a shunt-connected static var generator or absorber 

whose output can be automatically adjusted according to 

whether capacitive or inductive current is required in order to 

maintain or control specific parameters of the electrical power 

system (typically bus voltage). It is  modelled as an ideal 

reactive power injection or absorption at the load end. 

Variable shunt susceptance model of SVC has been used in 

this research; this is shown in Figure 1. 

 
Figure 1. Variable shunt susceptance model 

Current drawn by SVC is 

KSVCsvc VjI *      (1) 

Reactive power drawn by SVC is 

SVCKsvc Vq 2
          (2) 

     The equation (4) tells the reactive power is the square of 

voltage magnitude (Vk) and susceptance SVC . When the 

system voltage is low then it generates reactive power and 

when the system voltage is in high then the system can absorb 

the reactive power. 

Load flow equations: 
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III. PROBLEM FORMULATON  

Multi-objective optimization problem is formulated 

considering five objective functions of minimization of 

voltage stability index, generator cost, power loss, load 

voltage deviation and cost of SVC. The optimization problem 

is subjected to equality and inequality constraints. Power 

balance constraints are considered as equality constraints. 

Inequality constraints are considered for the real power output 

of generating units, generator reactive power, voltages of all 

PV buses, transformer tap positions, bus voltage magnitudes 
of all PQ buses, power flow in the transmission line and 

reactive power rating of SVC. Fitness value is found by 

satisfying all the constraints. The optimal placement and 

parameter setting of FACTS device is done using artificial bee 

colony algorithm. 

The Multi objective optimization problem is formulated as: 

Maximize  Pd
i/Pd

0

Subject to F (VP, Q, Qsvc,(5)
with constraints given by (14)-(23) 

Where F=λ+ TL+ VD+ LFD+ ICcost                                   

And F (VP,Q is the power flow equations described by 

(3),(4). 

 

A. Maximization of System loadaility (λ): 

     The Maximum System Loadability, MSL is calculated by  

Pd
1=λPd

0      (6) 

 Where λ, is loading parameter, Pd
0 and Pd

1 are system load 

before and after FACTS device placement.  

(i) Voltage Deviation (VD): 

    The desirable limits of voltage in power system are within 

 5%. The Voltage Deviation is calculated using equation 

(15). 

 



n

i

i

ref

i VVVD
1

2

     (7) 

Vi –Voltage at i’th bus 

Vi 
ref–Reference Voltage at ‘i th bus   

(ii) Line flow deviation (LFD):  

     The line flow limits of the transmission network must be 

maintained within specified limits. The line flow deviation is 

calculated using equation (8). 

 



linesij

ij

ref

ij LFLFLFD
2      (8) 

LFij –Line flow of line ‘ij’ 

LFij
ref– Line flow limit of line ‘ij’ 

B. Reduction of Transmission loss (TL): 

     The proposed algorithm considers the minimization of 

transmission losses by optimal placement of FACTS devices. 

The transmission loss is calculated using equation (9). 

 
 


gen

1i

n

1i

DiGi ppTL      (9) 

Where n is number of buses. 

C. Reduction Of Installation Cost (ICcost): 

     The installation cost is SVC cost. The cost functions of 

IPFC, TCPST are taken from Siemens database [22]. 

ICCOST= ICSVC     (10) 

 

(i)SVC installation cost (ICSVC): 
     The cost function of SVC is given as: 
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38.1273051.00003.0 2  rrcsvc     (11) 

$1000USrcIC svcsvc 
    

(12) 

 

     In the equations (12) the value of r  is the operating range 

of FACTS device given as : 

12 QQr 
                                                

(13) 

Where 2Q  and 1Q  are the reactive power flow in the line 

after and before installing the FACTS devices in MVAR 

respectively. The cost depends on the operating range of the 

facts device. 

D. Constraints: 

     The optimal placement of FACTS devices is a constrained 

optimization problem which includes equality and inequality 

constraints. 

(i). Equality constraints:  

     The equality constraints are given as:  

)cos(
1

ijijijj

n

j

idiigi YVVPPP   


  (14) 

)sin(
1

ijijijj

n

j

idiigi YVVQQQ   


  (15) 

Where Pgi, Qgi are real and reactive power generations, Pi, Qi 

are real and reactive power injections, Pdi, Qdi are real and 

reactive power demands at the ith bus. Yijθij is ijth element of 

admittance matrix. 
 (ii). Inequality constraints: 

     The inequality constraints are given as: 
maxmin

GGG PPP 
     (16)

 

maxmin

GGG QQQ 
     (17)

 

maxmin VVV       (18) 

maxmin        (19) 
max        (20) 

Where PG, QG are real and reactive power generations at 

generator busses, V and δ are bus voltage magnitude and 

phase angle and λ is the system loadability. 

(iii)SVC Constraints: 
maxmin

SVCSVCSVC qqq     (21) 

 
maxmin

svcsvcsvc           (22) 

MVARqMVAR svc 100100                               (23) 

IV. PROPOSED METHODOLOGY  

     The electric power is transmitted from one end to anther 

end over the transmission line in accordance to the consumer 

requirements incurring minimum amount of losses. The 

consumer power is varied on the basis of load variation or 

disturbances in the transmission line. The flexible alternating 

current transmission systems devices are introduced to change 

the voltage, phase angle and impedance in power systems. 

During the operation of these devices the active and reactive 
power is maintained in the balanced manner. The FACTS 

device can control the power flow and increase the 

transmission capacity. The various electrical parameters in the 

transmission circuits are controlled by the solid state 

converters of the FACTS devices and the installation cost of 

these devices are reduced when the location of these device 

are optimal while satisfying the constraints. In this case single 

type FACTS devices like SVC, TCSC, and UPFC and multi 

type devices are used.  

     The Meta heuristic technique of artificial bee colony 

algorithm [34] is defined by Karaboga in 2005. This algorithm 

is derived from the foraging behaviour of honey bee and it 

searches the food source around multidimensional search 

space. The bees are classified into three based on its 
experience and without experience as employee, onlooker and 

scout bees. In which each employed bees find out the food 

source and share the information among the other bees 

through specialized dance. The waggle dance is proportional 

to the quality of food source. The other bees are waiting in the 

dancing area to choose the best food source. The scout bees 

search the food source without any guidance. 

     The employed bees move towards the food source from its 

original location ( ij
a 1) to new location ( ij

z ) and it may be 

written by (37), 

 kjijijijij aaaz      (24) 

ij
 
is the number of food sources and uniform random umber 

between -1 to 1. If the new location of the food source is better 

than that of the current position then the new location is dated. 

The new position can be updated by, 

 
kjijijijij

aawaz      (25) 

     The weight coefficient of employed bee information is 

mentioned as w . The probability of food source can be 

calculated by, 





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j
j

fit
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P

1

      (26) 

The employed bees fitness values is find out by, 

 
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Where  xf  represents the amount of objective function to 

be used in optimization. 

1*  jpfICfit
j

     (28) 

Where IC denotes the installation cost of FACTS devices, 

pf is the penalty factor. The flowchart of proposed algorithm 

is given in Fig.2 
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Fig.2. Flow chart of proposed methodology 

 

V. RESULTS AND DISCUSSION 

The optimal placement of FACTS devices are done 

under the platform MATLAB. The optimal location and sizing 

of FACTS devices is carried out using ABC algorithm with a 
colony size of 20 and MCN 100. To prove the Effectiveness of 

locating FACTS devices with SVC is considered. 

 

A. IEEE 57 Bus System 

     The data for IEEE 57 bus system is taken from matpower 

3.0. and this system contains 1 slack bus, 6 PV buses, 50PQ 
buses and 80 transmission lines.  

Table. 1. line flow in IEEE 57 Bus System 
Type Fro

m 

line 

To 

line 

Pb Qb Pa Qa Device 

setting 

IC(US$) MSL 

(%) 

SVC 1 2 102.390 37.476 105.08

4 

32.219  

42.8M

var 

1,061.27 1.95 

3 4 77.260 60.052 78.488   10.068 25.7 

Mvar 

8 9 60.538 56.696 77.427 54.392 25.7 

Mvar 

12 13 5.469 -11.99 7.496 11.024 25.7 

Mvar 

20 3 61.620 -36.79 65.730 -6.852 25.7 

Mvar 

 

The simulations are performed in MATLAB and the results 

are obtained using ABC algorithm. Table.1. shows line flows 

in IEEE 57 bus system. In single type, SVC is located in lines 

1-2, 3-4, 8-9, 12-13, 20-3. The system loadability with single 

type SVC is 1.82. From IEEE 57 bus system we concluded 

that highest system loadability is achieved with low 

installation cost with SVC. Highest installation cost at 

moderate system loadability is obtained with UPFC. System 

loadability and installation cost variations are shown in Fig.3. 

and Fig.4. 

 

 
Fig. 3. System loadability in IEEE 57 bus system with SVC 

 

 
FIG.4. Installation cost in IEEE 57 bus system with SVC 

 

B. IEEE 118 bus system 

     The line data and bus data of 118 bus system are taken 

from [38]. The system contains 1 slack bus 53PV buses, 64PQ 

buses and 186 lines.  

Table. 2. Line flows in IEEE 118bus system 
Type Fro

m 

line 

To 

lin

e 

Pb Qb Pa Qa Device 

setting 

IC(US$) MSL 

(%) 

SVC 1 2 65.10

2 

-

36.03 

64.2

23 

36.1

89 

21.9M

var 

4050.14 1.95 

6 7 46.75

4 

-

12.32 

25.6

09 

14.7

93 

21.9M

var 

1

5 

1

7 

27.50

1 

14.95

1 

26.1

50 

19.3

95 

21.9M

var 

1

8 

1

9 

21.12

9 

17.22

2   

12.2

36 

-

2.73

8 

13Mva

r 

1

9 

2

0 

15.97

5 

10.22

9 

17.2

20 

6.23

0 

3.28M

var 

3

1 

3

2 

38.03

5 

17.91

5 

37.8

25 

11.9

85 

3.28M

var 

Ye

s 

Yes 

N
o 

N
o 

No 

Ye

s 

Y

es 

stop 

Generate 

new 
location 

Evaluate fitness 

value  

Apply greedy 
selection to get the 

best fitness 

Memor

ize best 

locatio

n 

Print optimal location, 

device parameters, IC, 
system loadability, 

transmission loss 

Calculate 
cost 

Is 

iteration 
> max 

If cycle 

=Max 

cycle 
number 

Evaluate fitness function by (11)  

using constraints  (22),(23) 

   

Iteration 
1 

Update position 

by (23) 

Check 

weather 

constraints 
are satisfied 

Evaluate new position 

by (24) 

Read line data, 

bus data, facts 
devices type 

Initialize control 
parameters of ABC, 

system loadability 

Generate 

random 
initial 

position 

 Start Start 
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4

0 

4

2 

20.44

2 

-

8.077 

20.5

15 

-

8.00

9 

3.28M

var 

 
     Power flows in IEEE 118 bus system are shown in Table.3. 

In single type, SVC is located in lines 1-2, 6-7, 15-17, 18-19, 

19-20, 31-32, 40-42. The system loadability in single type of 

SVC is 1.95%,Installation cost is minimum with SVC at 

moderate system loadability. The variations of system 

loadability and installation cost in IEEE 118 bus system are 

shown in Fig.5. and Fig.6 

 
 

Fig.5. System loadability in IEEE 118 bus system with SVC 
 

 
Fig.6. Flow chart of proposed methodology with SVC 

 

VI. CONCLUSION 

 T he main objective of this research work is to obtain 

the optimal location and susceptance rating of SVC to enhance 

voltage stability using ABC algorithm. Simulations are 

performed on IEEE 57 and IEEE 118 bus systems. Single type 

FACTS device SVC are placed. Voltage deviation and line 

flow deviation are within limits. Voltage profile is improved. 

Power flow is improved with reduction of reactive power.  
Hence voltage instability problems are solved. The total loss 

in the system is reduced compared to existing literature. Thus 

proposed system enhances the power flow better than existing 

methods and reactive power is maintained in balanced 

condition. In IEEE 57 and 118 systems SVC gives lowest cost 

of installation with maximum system loadability. Hence 

proposed algorithm gives reduction in Transmission loss and 

installation cost of FACTS device, system loadabiliyty is 

improved. 
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