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Abstract  
 

Given the high costs of investment for transmission network development and the key role of transmission networks in 

restructured space, using FACTS devices is crucial. In this paper, optimal Placement of FACTS in transmission networks is 

investigated. In the proposed method, the objective function is defined for loss reduction a. Average models available in 

references are used for modelling FACTS devices. Multi-objective harmony search algorithm is used for problem solving. This 

algorithm has good speed in convergence of non-linear problems.  In numerical studies section, the problem is solved in two 

different scenarios with presence of different types of FACTS devices. Results of numerical studies indicate that FACTS 

devices can have considerable impact on loss reduction. 
   

Keywords: Harmony search (HS) algorithm; FACTS devices; loss reduction; optimal placement, capability 

 

1. Introduction  
  

 Transmission networks in power systems have always 

been a determining factor. Due to the fact that the 

construction of transmission lines is done at a relatively 

significant cost, so it is very important to make the most of 

the installed lines. In many countries, including Iran, the 

capacity of installed transmission lines is sometimes up to 

several times the capacity of power plants. There are 

various reasons for this, including the limitation of power 

transmission over long distances. Transmission lines, 

especially if constructed over long distances, face 

transmission capacity limitations and voltage drops.  To 

solve this problem, networks with different voltage levels 

are designed and it is often tried to build transmission lines 

as short as possible.  But in the end, another solution is to 

use fax machines in transmission networks. These devices 

have different effects on the performance of transmission 

networks, the most important of which is to improve the 

voltage of the network and provide the reactive power 

required by the network. FACTS devices are regarded as 

the key equipment in transmission networks. Locating and 

determining parameters of FACTS devices has been 

always considered by the researchers in this field. In 

(Irshad et al., 2022), generally focus on locating and 

parameters of utilization of OUPFC.  

The main purpose of equipment installation in the network 

includes two parts of network loss reduction and fuel cost 

reduction of generators. In (Lashkar Ara et al., 2011), 

investigates locating problem for a STATCOM in a 

network. In this paper an index known as Fast Voltage 

Stability Index (FVSI) is introduced and used for 

determining critical lines. The problem of adding FACTS 

devices in a sample network considering network security 

is examined in (Shintemirov et al., 2010). In this paper 

OUPFC has been used. Objective function in this paper is 

defined for reduction of loss and generator fuel cost in the 

network. In (Avinash et al., 2015), studies problem of 

locating and determining parameters of a TCSC in a sample 

network. Current paper aims at reducing network loss and 

genetic algorithm with DE algorithm combination is used 

for problem solving. The stated mathematical relations are 

similar to the previous papers to large extent. The problem 

approach is not dynamic in this paper. Since the installation 

location is an integer variable, thus the problem is of 

MINLP type. Results of numerical studies on a sample 

network indicate that combined use of two optimization 

algorithm can give good results in this relation. In 

(Javadian et al., 2022), has similar approach to this paper. 

With the difference that use of FACTS devices in (Sharma 

et al., 2005), is raised in general, and regulatory parameters 

are not discussed. The algorithm used in (Jordehi et al., 

2011), is also DE. In (Kavitha et al., 2016), discusses on 

parallel FACTS devices in the network. In this paper an 

optimization problem is defined by which the parallel 

FACTS devices extend in the network. Objective function 

contains two parts of network voltage improvement and 

capacity reduction of FACTS devices. In (Kowsalaya et al., 

2008), SVC and STATCOM equipment are used in the 

network. Considering characteristics of these equipment in 

series and parallel branches, their combined usage provides 

good results. The relations used in description of FACTS 

devices in papers (Arabkhaburi et al., 2006), are similar. 

Locating and determining capacity of FACTS devices in a 

transmission network are studied in (Ghamgeen et al., 

2012). The main purpose in this paper is releasing network 

line capacity. Equipment used in this paper includes SSSC 
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and STATCOM. Since SSSC is a controllable capacitor 

which is installed as series in the network, and STATCOM 

has parallel branch, it can be stated that series and parallel 

equipment are simultaneously used. The main purpose in 

this paper is releasing network line capacity. Thus an index 

known as density index is defined for network lines which 

finally density of network lines can be reduced by 

minimizing it. Parallel FACTS devices are used in (phadke 

et al., 2012). There are different approaches in these papers 

in problem solving, but objective functions of both papers 

are defined for network loss reduction. In (Baghaee et al., 

2008), specifically focuses on STATCOM. Different 

models of STATCOM are studied in (Kiani et al., 2023). In 

this paper, the main purpose is providing an accurate and 

near to real-world model for STATCOM, using of which 

proper understanding of this device can be achieved.  In 

this paper it is stated that the introduced model is 

appropriate for voltage stability and angle in network 

studies. In (Ildarabadi et al., 2017), the authors attempt to 

determine the best location and capacity for a UPFC using 

a multi-purpose optimization problem. Objective function 

in this paper is defined similar to Reference (Malakar et al., 

2010), in line with network loss reduction. Both papers 

have used genetic algorithm for their problem solving. The 

difference in papers (Gaur et al., 2018), is in the used 

devices. UPFC is also used in the network in (Bindeshwar 

et al., 2010). Addition of FACTS devices to network is 

investigated in papers (Rahimzadeh et al., 2011). These 

papers similar to many other reviewed ones added FACTS 

devices aiming at network loss reduction. The difference in 

these papers is the way of consideration of network 

constraints.  

 
 

2. Definition of Problem 

 Main purpose of this problem is optimal Placement 

FACTS devices in network. To this end, three types of 

FACTS devices were used: Static Synchronous Series 

Compensator (SSSC),Static Synchronous Compensator 

(STATCOM), Unified Power Flow Controller (UPFC) 

computational methods.  

2.1. Problem of Optimization 

Each optimization problem consists of the following 

different parts: Problem variables, The Objective Function, 

Problem Limitations 

 

2.1.1. Variables of Problems 
 

The main purpose of this paper is to solve the problem of 

optimal location and determine the parameters of FACTS 

devices in the network. The main variable of the problem 

includes the place of installation and adjustment of the 

parameters of these devices. The following equation shows 

the problem variables (Rahmani et al., 2023). 

 

Location
X

parameters

 
  
 

 

upfc

sssc

statcom

Bus

X Bus

Bus

 
 


 
  

                (1) 

As can be seen, the problem variables consist of two 

general parts. The first part includes the installation 

location of  FACTS devices and the second part includes 

the adjustment parameters of these devices. 

 

2.1.2. Objective Function 
 

The objective function is defined in the following sections: 

Increase Total Transmission Capacity: Total transmission 

capacity includes the amount of network capacity for 

power exchange. In this paper, a repetitive load flow 

method has been used to calculate this value. Reduce 

Transmission Network Losses: transmission network 

losses are caused by current passing through lines. In fact, 

as electricity flows through transmission lines, these lines 

heat up and practically lose some of their energy. 

Transmission network losses depend on the type of 

transmission lines, the cross section of the lines, the amount 

of current passing through the lines and some 

environmental parameters. In this paper, the effect of 

environmental conditions such as temperature on the rate 

of losses is ignored. The following equation is used to 

calculate network losses (Esmaili et al., 2023).  
 

2

1 1 1

cos( )
Nl n n

l i j ij ij j i

l i j

F P V V Y   
  

                (2)                                                           

Where, 

ijY : Network admittance in term of p.u. 

ϴ : Network admittance angle in terms of radian  

 : Network voltage angle in terms of radian  

 

It can be seen that the coefficient of importance is used in 

this part. These coefficients can control the objective 

function of the problem.  If we want to pursue a part of the 

objective function with more importance, we use 

significance coefficients. Regarding the coefficients of 

importance, the following limitation must be observed. 

 

1ATC lossK K                                                           (3)                                                                       

This relationship indicates that the sum of the significance 

coefficients should be equal to 1.  Also, by zeroing each of 

the coefficients of importance, the objective function 

practically acts in one part. 

2.1.3. Constraints of Problems 
 

Every optimization problem contains equality and 

inequality constraints. In this paper also the problem 



Journal of Optimization in Industrial Engineering, Vol.16, Issue 2, Summer & Autumn 2023, 275-284 

 

277 

 

contains different equality and inequality constraints. The 

problem constraints generally can be stated as follows: 

 

  
( , ) 0

( , ) 0

g x u

h x u




                                                               (5)                                                  

X: problem variables, u: problem inputs 

The first part generally shows the limits of inequality and 

the second part shows the limits of equality.  

2.1.3.1. Power Flow of Network 
 

Network power flow is one of the problem equality 

constraints. To this end, each answer which is obtained for 

the problem should be true in the problem’s power flow 

relations. Following relation indicates the way of 

modelling the relations (Zadehbagheri et al., 2023). 

 

 

 

cos

sin

i i i j ij ij j i

i i i j ij ij j i

PG PL V V Y

QG QL V V Y

  

  

   

    




       (6)                                                                             

 

Where,  

PG, QG: injection active and reactive power in terms of Pu 

PL, QL: consumed active and reactive power in terms of 

Pu 

 

The Newton-Raphson method is usually used to solve the 

load flow problem. This method is fully expressed in the 

references related to the study of power systems. The basis 

of this method is mathematical solution by gradient method 

(Ravi et al., 2013). 

 

2.1.3.2. Voltage limitation of network buses 
 

The operating conditions of each network must be such that 

the voltage at all points of the network is within the 

standard range. In each country, depending on the standard 

of that country, the upper and lower limits for voltage are 

determined. Usually the acceptable range for mains voltage 

[0.95 1.05] is equal to the nominal value. If the mains 

voltage is less or more than the allowable value, then 

several damages will be caused to the consumers in the 

network (Nasr Azadani et al., 2008). 

 
min max

Li Li LiV V V                                             (7)                                                                              

Where, 

LiV : Bus Voltage, i 

min

LiV  : The lowest allowable voltage in the network 

max

LiV  : The maximum allowable voltage in the network 

 

2.1.3.3. Limitation of power passing through network lines 
 

Grid lines have thermal limitations. According to this 

limitation, if the current passing through the transmission 

lines exceeds a certain limit, these lines will be in a critical 

state. The following equation shows how to model line 

capacity constraints (Canizares et al., 2003). 

max

*
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1

ij ij
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                                                     (8)                                                                     

 : Lines security margin 

 

In practice, due to security issues, a percentage of 

transmission capacity is usually considered as a margin of 

confidence. Therefore, the  value is usually considered to 

be about 0.8. 

 

3. Model of FACTS Devices used in the paper 

As mentioned before, in this research, three types of 

FACTS devices are used. The following is the 

mathematical model used for this equipment. In this 

research, the models used are static models and the 

dynamic effects of this equipment on the transmission 

network are not considered (Pishavaei et al., 2017). 

3.1. Model of UPFC 

In UPFC uses controllable Thyristors for control of 

injectable reactive power. Figure 1 shows the general 

diagram of the UPFC (Vijyakumar et al., 2008). 

 

Fig.1. General diagram of UPFC  

Mathematical relations governing injection power of 

UPFC to the network are as follows: 

2
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Where, 

Pss: injection active power to first bus of installation 

location in terms of pu 

bs: Admittance of the line of installation location in terms 

of pu 

V: Network voltage in terms of pu 

ϴ : Line voltage angle in terms of radian  

r, γ: Regulatory parameters of UPFC 

As observed, UPFC affects relations of power flow in both 

installation location buses. 

3.2. Model of STATCOM 

STATCOM is a static synchronic generator which operates 

as compensator of parallel reactive power, and its output 

inductive or capacitive current can be controlled 

independent of the system AC voltage. Figure 2 indicates 

STATCOM Single-line diagram. As observed, this 

compensator is connected to the network in parallel 

(Bindeshwar et al., 2010). 

 

 

  Fig. 2. Single line diagram of STATCOM. 

Following relations indicate injection active and reactive 

power in the installation location of STATCOM. 
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        (10)                                                                                   

 

Where, 

e: Real part of voltage  

f: Imaginary part of voltage 

G, B: admittance parameters of transmission line 

3.3. Model of SSSC 

SSSC is a static synchronic generator which operates as a 

series compensator without external electric energy source, 

and its output voltage has 90 degrees of phase difference 

with the line current. Controllable output voltage is 

independent of the line current and it is used for increasing 

or decreasing total voltage drop across line. Figure 3 

indicates schematic of SSSC model (Besharat et al., 2008). 

 

 
Fig. 3. SSSC model in transmission network. 

 

Injection active and reactive power between buses of SSSC 

installation location is defined as follows: 
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           (11)                                                                                      

Where, 

g, b: Transmission line parameters 

φsc, Vsc: SSSC control parameters 

 

SSSC contains two control parameters, which these 

parameters should be true in the following constraints: 

min max

0 2

SC SC SC

SC

V V V

 

 

 
                                           (12)                                                                                   

3.4. Calculating total transfer capacity (TTC) 

There are different methods for calculating total 

transmission capacity in the network. In this paper, repeat 

power flow (RPF) method is used for calculating available 

transmission capacity. In RPF, the power and generation is 

increased in the network for obtaining transmission 
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capacity in the network, and each time the network power 

flow is calculated. The process is stopped when one of the 

system’s static constraints is violated, and TTC value is 

calculated as follows: 

𝑇𝑇𝐶 = ∑ 𝑃𝐷𝑖
𝑚𝑎𝑥∑∑ 𝑃𝐷𝑖

0
𝑛

𝑛                                              (13) 

 
max

iPD : Load value of bus i at the maximum loading point 

0

iPD : Load value of bus i at the base mode 

Thus maximum loading value in the network can be 

obtained. Of course it should be noted that it is highly 

dependent on the generation and consumption pattern in 

the network. In this method, power of all network’s buses 

is increased in the same rate. Also generation in the 

network is also increased in the same rate. It is shown in 

the following relation (Movahedpour et al., 2022). 

𝑃𝐷𝑖
𝑘 = 𝑃𝐷𝑖

0𝜆𝑘  

𝑃𝐺𝑖
𝑘 = 𝑃𝐺𝑖

0𝜆𝑘                                                          (14)                                                                                                  

K: Index related to the repetition of kth   

λk: Multiplying the increase in load and generation in the 

repetition of kth  

 

4. Harmony Search Algorithm (HSA) 

In this paper, the main purpose is finding optimal location 

for installation of FACTS devices, thus the main variable 

of problem is optimal locating. Harmony search algorithm 

is taken from natural process of music implementation. The 

flowchart of HSA is shown in Figure 4. Overall an 

optimization problem by HSA algorithm is defined as 

follows: 

𝑚𝑖𝑛 𝑓 (𝑋), 𝑋 = [𝑋1, . . . . 𝑋𝑛]  

𝑋𝑖 ∈ [𝐿𝐵𝑖 , 𝑈𝐵𝑖]                                                            (15)                                                                                                   

Where, 

N: Number of problem’s variables 

,i iLB UB : Lower and upper limits for variable Xi  

The HSA algorithm has five general parameters as follows:  

- Harmony Memory Size (HMS) 

- Harmony Memory Considering Rate (HMCR) 

- Pitch Adjusting Rate (PAR) 

- Bandwidth (BW) 

- Number Of Improvisations (NI) 

 

Regulating these parameters is necessary for each problem. 

General steps of the algorithm are as follows: 

a) Initializing the parameters:  

In this step, the problem’s variables are given value in their 

allowed limits randomly. 

b) Algorithm memory formation:  

In this step, a vector of the best available answer is stored 

in the algorithm memory. 

1
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                                (16)                                                     

c) Forming improved memory: 

In this step, using x values in the algorithm memory, new 

values in terms of PAR parameter and a random part are 

obtained (Abdelaziz et al., 2009). 

 ' 1 2

'

'

, ,..., with probabillity HMCR

with probabillity 1-HMCR

HMS

i i i i

i

i i

x x x x
x

x X

 
 



  (17)                                                   

  

HMCR: Probability of a variable entry to the new memory 

from previous memory 

In the next step, obtained new vector is evaluated using 

PAR rate. 

'
Yes with probability PAR

No with probability (1-PAR)
ix





        (18)                                                                                  

If the above test returns no value for 
'

ix  , 
'

ix  value is 

entered the next step intact, but if the test result is yes, then 

its new value is obtained as follows: 

*

new old

i ix x

bw r





 


                                          (19)                                                                       

bw: determined bandwidth for the algorithm. 

r: Random value in interval [-1, 1]. 

In the next step, pitch adjusting rate is updated. It is shown 

by the following relation. 

*accept paPAR r r                                           (20) 

rpa: Initial pitch rate 

acceptr
: Random value in interval [0, 1] 

New algorithm memory is updated based on the best 

answers, and above steps are passed so that the iteration 

number of algorithm is ended (Movahedpour et al., 2022). 
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        Fig.4. Flowchart of HSA algorithm 

4.1 Problem Solving Using HSA  

 

Harmony search algorithm is used to solve the optimization 

problem. The following relation shows the merit function 

of each response. 
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    (21) 

 

To model the constraints in the problem, the method of 

penalty coefficients is used in the objective function. The 

following sets of relationships show how to model penalty 

coefficients for existing constraints (Naderi et al., 2019). 
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 (it) is the coefficient of reducing the effect of constraints, 

which has a larger value in the initial iterations of the 

algorithm, and its value becomes smaller as the algorithm 

approaches the end of the iterations. In order for the 

algorithm not to deviate from its main goal, these 

coefficients are used to reduce the effect of constraints in 

the objective function. This coefficient takes a value in the 

interval [0, 1]. 

5. Numerical Studies 

 

Numerical studies are done on modified network IEEE 30-

BUS and IEEE 118-BUS. Figure 5 indicates single-line 

diagram of this network (Afkousi et al., 2010). 

 
Fig. 5. Single-line diagram of network IEEE 30-BUS 

 

This network contains 6 generators and 41 transmission 

lines. Network load is considered as 283,4 MW at nominal 

working point. Table 1 (Appendix) gives characteristics of 

network transmission lines. In this table transmission line 

parameters are given in terms of P.u. in 100 MWA unit. 

Also PMAX (capacity of every line) is stated in terms of 

MW. Table 2 (Appendix) gives characteristics of network 

loads in different points. Values in this table are in terms of 

MW.  

5.1 Primary studies without the presence of the FACTS 

devices 
 

In this case, initial studies are done without installing 

FACTS devices in the network. For this purpose, using the 

Newton-Raphson method, network load flow is solved. In 

the initial studies, the issues that are important are the 

amount of network losses and the amount of transfer 

capability of the entire network. In the following sections, 

these values are compared with similar values in the 

following sections. After preliminary studies, it is 

determined that the value of TTC for the network is 

61.1745 MW. It means that with the existing conditions, a 

maximum of 61.2 MW more power can be transmitted in 

the network. If the network load exceeds  this value, then 

one or more constraints in the network will be violated. 

Also, the amount of network losses is 9.6 MW in the basic 

state. Figure 6 shows the network voltage before installing 

FACTS devices. As you can see, the network voltage has a 

big drop in some places. For example, in Bus 5, the network 

voltage is less than 0.95. This shows that this bus is far 

away from the generators. Therefore, one of the weakest 

network buses is obtained in terms of voltage.  
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Fig. 6. Network voltage before installing FACTS devices 

(Without FACTS) 

 

Figure 7 shows the loadability of network lines. As you can 

see, the network lines have different loadability in different 

sections. The beginning lines of the network are more 

productive than the end lines. Because a large part of the 

network load is supplied from the primary lines of the 

network.  

 

Fig. 7. Load ability network lines in initial mode (Without 

FACTS) 

 

5.2 Solving the problem using FACTS devices 

 

The problem is solved in the next section in four scenarios: 

Scenario 1: Using UPFC in network 

Scenario 2: Using STATCOM in network 

The results of the problem are obtained in each of the above 

sections and finally a comparison is made between the 

obtained results. For problem solving, HAS with following 

characteristics is used: 

 

 

 
Table 3 

Characteristics of the algorithm used for problem solving 

Iteration number 30 

Memory 6 

Minimum pitch rate 0.4 

Maximum pitch rate 0.9 

Minimum bandwidth 0.0001 

Maximum bandwidth 1 

Harmony Memory Considering 

Rate 

0.9 

 

5.2.1. Solving the problem using a UPFC in the network 
 

After solving the problem, the best place to install UPFC 

line 10-bus 6 is obtained. In this way, a UPFC is installed 

in the desired location. By installing this UPFC, the 

network loss value is 8.87 MW. This value is lower than 

the initial value in the network. The reason for that is the 

reactive compensation at the UPFC installation site. In fact, 

by supplying reactive power locally, UPFC has been able 

to reduce the flow of lines and therefore reduce losses. 

Also, the value of TTC for the network is 67.41 MW. This 

value is greater than the value obtained in the initial state. 

The results of this part show that the use of UPFC in the 

network has freed up the capacity of the network lines and 

therefore the network loadability has increased. Table 4 

shows the results obtained in the first scenario.  
 
Table 4 

Summary of the results obtained in the first scenario 

Installation 

location 

 

Number 
upfcr 

upfcr 
upfc Network 

losses 

 

TTC 

 

Line 10-

Bus 6 

 

1 

 

1 

 

0.1 

 

 

0.5236 

 

8.87 

 

 

67.41 

 

 
Fig. 8. Network buses voltage for 30- bus network 

 

Figure 8 shows the voltage of the network buses. 

Comparison of this figure with the figure of the first 

scenario shows that a noticeable improvement can be seen 

in some of the network buses. Especially in the buses near 

the UPFC installation place, the voltage increase is fully 

observed. The voltage of all network buses is within the 

standard range. 

5.2.2. Solving the problem using all three devices 

simultaneously 
In this part, all three devices are used simultaneously in the 

network. The number of equipment in this section is also 

considered 1. In this section, it is assumed that the three 

devices are installed simultaneously. If the order of 

equipment installation is also considered, the results may 

change. 

 

5.3 Comparison of the reviewed scenarios 

 

Table 6 shows the optimal location obtained for the devices 

in different scenarios. As can be seen in the fourth scenario, 

only the installation location of the STATCOM has 
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changed. This shows that the installation of FACTS 

equipment changes the operation of the network. 

 
Table 6 

Optimal locations obtained in different scenarios 

FACTS UPFC  STATCOM  SSSC  

Scenario 1 Line -10  

Bus 6 

* * 

Scenario 2 * Bus 19 * 

 

In the first scenario, the best location for UPFC installation 

is line 10 and bus 6. Since UPFC has series branch and a 

parallel branch, probably there would be capacity shortage 

problem in the line, and voltage drop may occur in the bus 

of installation location. The best location for STATCOM 

installation is bus 19. This bus in the poor situation in terms 

of voltage, and thus it is selected as the best location for 

installation. It is also observed that the best location for 

SSSC installation is line 35 and bus 25. In the fourth 

scenario it is observed that location for UPFC installation 

has been changed. It indicates that using three devices 

simultaneously provides different response compared to 

single use of devices. It is due to impact of installed devices 

on the network function. Table 7 shows the amount of 

losses and transmission capacity in the reviewed scenarios. 

It can be seen that in all scenarios, the amount of losses has 

decreased, and transmission line capacity is increase. It 

denotes that FACTS devices have significant impact on 

loss reduction and increasing total transfer capacity. 

Table 7 

Amount of losses and TTC after solving the problem 

Scenarios Losses TTC 

Base mode 9.6021 61.0745 

Scenario 1 8.8659 67.4054 

Scenario 2 8.7077 64.3841 

Figure 9 shows the comparison of loss reduction in the 

examined scenarios compared to the base mode. In this 

figure, it is clear that the amount of losses in the fourth 

scenario has decreased more than other scenarios . In 

this section, three devices are used simultaneously. 

Also, the installation of UPFC had less impact on 

reducing losses. 

 
Fig. 9. The rate of losses reduction in different scenarios 

Figure 10 shows the network voltage in this section. In this 

figure it is observed that network transmission capability is 

increased more in fourth scenario than other scenarios. The 

installation of UPFC had a greater effect on increasing the 

transmission capability. Comparing the results of this 

section with the amount of losses in the previous figure 

shows that the series branch in UPFC had a greater effect 

on the release of line capacity. The use of STATCOM has 

had less impact on the transmission capability of the lines. 

Due to the fact that STATCOM is a parallel device and 

does not have a series branch, its effect on releasing the 

capacity of the lines has been low. The comparison of the 

results of this section shows that most of the devices with 

series branches have a greater impact on the release of line 

capacity. 

 
Fig. 10. Network voltage by installing SSSC in the network 

 

Figure 11 shows the process of increasing transfer capacity  

during problem solving. It can be seen that in all scenarios 

, transfer capacity has gradually increased during the 

solution of the problem. Finally, it is clear that in the fourth 

scenario, the transfer capacity   value has converged to a 

higher number. 

 
Fig. 11. TTC increase trend during problem solving in 

different scenarios 

Figure 12 shows the trend of loss reduction during problem 

solving. In this figure it is evident that network losses has 

decreasing trend during problem solving.  This process is 

very fast at the beginning of the iterations, but gradually 

the speed of loss reduction decreases and finally the 

algorithm converges to a single answer. The amount of loss 

reduction in the fourth scenario has converged to a lower 

value than other scenarios.  
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Fig. 12. Trend of losses reduction during problem solving 

 

6. Conclusion 

 

In this paper, the main objective was to determine the 

location and parameters of FACTS devices in transmission 

networks with the aim of reducing losses and increasing the 

TTC. For this purpose, the Intelligent HSA optimization 

algorithm has been used. Numerical studies have been 

carried out in 4 different scenarios and in two general 

sections on two typical IEEE 30-Bus and IEEE networks. 

The results obtained in the numerical studies section show 

that in general, FACTS devices in the network can reduce 

losses and increase the TTC. But the noteworthy point is 

that using FACTS devices in combination can have a better 

effect on network efficiency. In fact, the use of devices with 

series and parallel branches in a combined manner has a 

good effect on the network operation. Comparing the 

results shows that UPFC installation had a greater effect on 

increasing transmission capability. The series branch in 

UPFC had a greater effect on line capacity release.  
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