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ABSTRACT:  As the world's energy consumption increases, the expansion of the energy 
system becomes increasingly important. However, the creation of new transmission lines 
requires excessive costs and time if the same transmission capacity is to be added to the 
existing network. Today's electrical networks are faced with high risks of voltage 
instability and real power losses. This development tends to occur due to the lack of 
reactive control power (RPL) in heavily stressed operating conditions caused by 
increased demand for loads and the rapid development of power systems worldwide. 
This paper has adopted the setting of FACTS (flexible AC transmission system) devices 
as additional control parameters for reducing transmission losses in power system static 
types of two FACTS devices consisting of SVC (static VAR compensators) while the 
TCSC (thermistor controlled series compensator) is included in the issue 
formulation. During this paper, the proposed algorithm was to determine the optimal 
placement of power network devices by genetic algorithm to manage reactive power, 
reduce losses, increase the transmission capacity and power lines, and help simulate the 
IEEE 24 bus control system and also the position of FACTS devices.

ABSTRAK: Apabila penggunaan tenaga dunia semakin meningkat, penambahan sistem 
tenaga sangat penting. Walau bagaimanapun, penciptaan talian penghantaran terkini 
memerlukan kos yang berlebihan dan had masa jika kapasiti penghantaran yang sama 
digunakan dengan lebih tinggi. Dalam rangkaian elektrik hari ini, unit ini berhadapan 
dengan risiko ketidakstabilan voltan dan putus bekalan tenaga. Penambahan sistem 
tenaga ini cenderung berlaku disebabkan kekurangan kuasa kawalan reaktif (RPL) dalam 
keadaan beban operasi yang besar disebabkan oleh peningkatan beban permintaan dan 
perkembangan pesat sistem kuasa di seluruh dunia. Kertas ini telah mengguna pakai 
peranti FACTS (sistem penghantaran AC fleksibel) sebagai parameter kawalan tambahan 
bagi mengurangkan kehilangan penghantaran dalam sistem kuasa statik dua peranti 
FACTS yang terdiri daripada SVC (pemampas VAR statik) manakala TCSC (pemampas 
siri termistor kawalan) adalah termasuk dalam perumusan isu. Dalam kertas kerja ini, 
algoritma yang dicadangkan adalah penempatan optimum peranti rangkaian kuasa oleh 
algoritma genetik bagi mengurus kuasa reaktif juga mengurangkan kerugian dan 
meningkatkan kapasiti penghantaran dan kabel elektrik dan membantu menyerupai 
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sistem kawalan bas IEEE 24 dan juga kedudukan peranti FACTS di mana ia terbukti 
berkesan.

KEYWORDS: FACTS devices; genetic algorithms; SVC; TCSC; optimal location

1. INTRODUCTION 
Reducing oil and gas reservoirs and increasing energy consumption worldwide have 

encouraged researchers to consider optimizing generation and energy transmission in 
power grids to increase efficiency and improve plant utilization, reduce losses, and 
preserve the environment. Studies show that FACTS technology has increased 
transmission capacity, reduced losses of power and load density, and improved reliability, 
performance and control by maintaining the voltage profile and affecting transmission 
parameters [1]. In recent years, reactive power control and loss reduction in power systems 
are performed through optimal location of FACTS devices using smart algorithms. 
Genetic Algorithm (GA) is one of the computer science exploration techniques used to 
find approximate solutions for optimization of exploration problems [2]. FACTS devices 
were first presented by Electric Power Research Institute (EPRI) in 1990 in the USA [3].
These devices not only increase system loadability but also control power to a great extent.
They are also able to improve system stability due to their high speed [4].

2.   POWER LOSSES
For solving this problem, continuous variables such as generator bus voltage, and 

discrete variables such as parallel switching size and FACTS series devices are used, and 
the objective function is to reduce the power network loss index. The real power loss
( ) in transmission networks is calculated as the following [5]:

Where, is the number of the branches of the power system, is the loss of a
branch, is the conductance of the  branch K. and voltages at the beginning and end 
of the branch. is the power angle difference between bus. The constraints that are 
considered for this problem include nonlinear equality of power flow equations and the 
linear inequality of various parameters [6] as the following:

The equation (2) and (3) follow the following constraints[6]
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Where and are active and reactive powers of bus. and are active and 
reactive consumption powers of bus . and are real and imaginary parts of 
component ij of admittance matrix of the network. is the number of buses of the 
network. is the set of buses of the generator. Indices min and max are minimum and 
maximum value of each parameter. is the number of shunt VAR compensation .

3.   THE MODEL OF SVC
The static var compensator (SVC) parallel compensator is a static 

capacitance/inductance with susceptance of BSVC shown in Fig. 1, which is, modelled as 
a variable susceptance in parallel with BSVC at bus i. The reactive power injected to bus 
of SVC is described as follows[7]:

where V is the amplitude of the voltage for the bus that SVC is connected to. The main 
task of SVC is to regulate voltage of the bus, which is done by controlling reactive power 
injection at that point. As shown in Fig. 1, the equivalent circuit of SVC can be 
represented as a variable susceptance [8].

Fig. 1: The static VAR compensator (a) basic structure (b) model..

The new admittance of the system after installing SVC in the i bus can be expressed by the 
following matrix:

where, is the admittance of the system without SVC.
For constant active power and Vrms source voltage, the required capacitive reactive power 
varies before and after the capacitive compensator is installed:

As the value of Bcap capacitive susceptance is given by the following equation:

And capacitance required in farad is calculated as follows: [2]
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4.   THE MODEL OF THYRISTOR CONTROLLED SERIES 
COMPENSATOR TCSC 
The TCSC is a capacitive reactance compensator that consists of a series capacitor

bank shunted by a thyristor-controlled reactor. The basic conceptual TCSC module 
comprises a series capacitor, C, in parallel with a thyristor controlled reactor Fig. 2A [9]. 
The TCSC  compensator is a static reactor capacitance with the impedance of jxc with 
susceptance of BSVC shown in Fig. 2B [9]. The thyristor is modelled with a nonlinear 
resistance that is controlled by firing angle [10]. Current of inductance and voltage of 
capacitance are selected as two variables in state space.

Fig. 2: Thyristor controlled series compensator presentation: 
(a) basic structure, (b) model.

Xij is the line reactance, Rij is the line resistance, jBjo , jBio are load susceptance of half 
of the line at bus i and bus j of the line. The difference between the line susceptance before 
and after TCSC installation is as follows:

   

 

 

The new admittance of the system after connecting TCSC between the and bus can be 
expresseing by the following matrix:    
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where, is The admittance of the system without TCSC. Eq. (17) shows new reactance 
of the line after installing TCSC. 

   

where, is the reactance of the line without TCSC and the is in the range of

5.   THE PROPOSED METHOD
One of the most important advantages of intelligent methods is that there is no 

specific space to find the best solution. Among the intelligent methods, we can mention 
Simulated Annealing (SA) [11], Tabu Search method (TS) [12] and particle swarm 
optimization technique [13]. We decided in this paper to use the method of GA. GA uses 
one of the natural Darwin’s selection principles for finding an optimal formula to predict 
or match patterns [14]. In summary, it is said that GA is a programming technique that
employs genetic evolution to solve problems. The summary of a genetic algorithm is as 
follows:

Beginning: Create n chromosomal population randomly (appropriate solutions to 
the problem).
Valuation: Assess the fitness f (x) of each chromosome X in the population.
New population: Create a new population. Repeat steps below to complete the new 
crowd.
Choice: Choose two chromosomes (parents) according to their fitness from the 
crowd. The higher the chances, the better the chances of being chosen.
Combination: Combine the possibility of combining parents (Probability 
Crossover) to form new children (Offspring).
Mutations: A mutation occurs with the probability of children mutation in each 
locas (position on the chromosome).
Accepting: Include new children in the new population.
Replacement: Use the new population created for the algorithm process

The main objective of this work is to find the best place for the FACTS devices, their 
types, and their values. Special coding was developed to achieve parameters (location, 
type, value). The first string represents the location of the FACTS devices, where it 
contains the numbers of lines. As for the second string, it is to determine the type of 
FACTS devices added. The value of the added device is determined by the last string,
which is between 0 and 1 where 0 represents the minimum, and 1 represents the 
maximum. The real value of the FACTS device can be calculated using the 
following equation:

 

where and are respectively the maximum and the minimum setting value of 
the FACTS device, and is the normal value. The initial population of the system 
depends on the following parameters:

The number of  FACTS devices that are selected as optimal
Types of FACTS devices that will be determined

Represents the number of special settings for each device
Represents the number of individuals of the population.
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At each of the three stages is created:

In the first string, a set of numbers of branches of the network are randomly placed.
The second step is to draw random numbers indicating the types of devices and 
placed in the second string
In the third step, the values of the devices are chosen randomly within the possible 
limits.

The objective function will be calculated for each individual population previously 
configured and the objective function in this paper is the effect of the FACTS devices in 
the power system. A slice will be allocated in the roulette wheel for each individual 
population. The size of the slide is proportional to each individual and the appropriate 
individual will occupy a larger slice, as in Fig. 3. The wheel will be rotating many times 
and after the wheel stops, the individual to which it refers will be selected.

Fig. 3: Arrangement of 2 FACTS devices (a) Individual,
(b) Roulette wheel to select individuals.

6. DETERMINE THE LOCATION AND VALUE OF THE FACTS 
DEVICES WITH THE GENETIC ALGORITHM (GA)

First, initial conditions are considered for system loads. This initial condition might 
be based on the basic load of the system. 
For generator buses (except reference bus), an initial active power proportionate to 
the load is determined. 
The power flow program is executed. 
The power flow program might diverge due to excess increase in load condition of 
the system. In this case, the previous load condition is considered as the maximum 
load condition and step 6 is performed. 
GA and the employed devices are used to define the objective function (reducing 
losses). 
Real genetic program is executed. 
The algorithm represents optimal size and location of TCSC and SVC and the 
considered index through iterative and random selection. 
The program is finished. 

7.   SIMULATION AND RESULTS
In this section, location of SVC and TCSC in a standard IEEE 24-bus system is

investigated using GA and the results are presented. Performance of the system is first 
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investigated in the absence of FACTS devices and then in the presence of these devices. 
Figure 4 shows the single-line diagram of the IEEE 24-bus system. This network has 38 
transmission lines which are assumed to have no problems in terms of thermal capacity
[15]. In this network, there are 10 generator buses where bus 23 is considered as the Slack 
bus, 10 PV bus and 13 PQ buses. In this network, it is assumed that initial load of the 
system is 2700 MW and 549.474 MVAR. During execution of the program, as system 
load increases, this ratio is preserved. 

Fig. 4: Single-line diagram of the IEEE 24-bus system.

7.1 Losses Index in IEEE 24-Bus System Without Installing Facts Devices 
Loss index in 24-bus system without installing FACTS devices is 225.68 MVA using 

GA. 

7.2 Losses Index by Installing SVC At IEEE 24- Bus 
As it is known, when SVC is installed in this system, considering all buses of the 

system, there would be 24 possible locations for SVC. Encoding region of the location is 
considered as 24 integers from 1 to 24. After using real GA, it is seen that considering bus 
10 as the optimal bus with a capacity of 225.69  MVAR, loss index is reduced to 218.786 
MVA. 

7.3 Losses Index by Installing TCSC in the IEEE 24-bus System 
As mentioned before, there are various methods for controlling TCSC. Among these 

methods, controlling power flowing through line, controlling phase angle at the ends of the 
line, and constant compensation of transmission line reactance can be mentioned. In this 
study, constant compensation of transmission line is used to establish steady state 
conditions. If all lines of this system are considered, there would be 38 possible locations 
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for TCSC. Encoding region would be 38 integers from 1 to 38. Compensation percentage 
using TCSC is 60%. After using real GA, it is seen that considering line 27 which is 
between buses 15 and 24 as the optimal location of TCSC with magnitude of 0.581, loss 
index is reduced to 208.865 MVA.

7.4 Losses Index by Installing a Combination Of SVC and TCSC in the IEEE 24-Bus 
System
In this case, installing a combination of TCSC and SVC is studied and its results are 

compared with each other. After using real GA, it is seen that considering line 27, which is 
located between buses 15 and 24, as the optimal location for installing TCSC with 
magnitude of 0.581 and bus 10 as the best location for installing SVC with capacity of 
225.69MVAR, loss index is reduced to 201.765MVA. The voltage profile curve for IEEE 
24-bus system is shown in Fig. 5 to Fig. 7.

Fig. 5: Voltage profile of buses (1-8) for the IEEE 24-bus system.

Fig. 6: Voltage profile of buses (9-16) for the IEEE 24-bus system.

Fig. 7: Voltage profile of buses (17-24) for the IEEE 24-bus system.
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When referring to Fig.5-7, we notice a significant improvement in the voltage profile of 
buses after installing a combination of SVC and TCSC. For example, the bus voltage 
number 5 was 0.9668 before the installation of SVC and TCSC, but it became 1.0018 and 
by installing SVC in this system, voltage profile of load buses at bus 10 increases 
significantly.

Table 1: Comparing loss index before and after devices in IEEE 24-bus system

With SVC and TSCSWith TCSCWith SVCWithout FactsCase

Svc Bus 10 TCSC Line 27Line 27Bus 10--Location
225.69 Mvar
0.581

0.581225.69 Mvar--Size

201.765 Mvar208.865 Mva218.786 Mva225.68 MvaLosses

After using the proposed GA method to find the best location and value for SVC and 
TCSC we find that the losses in the system decreased a lot and when looking at Table 1.
We find that the losses became 201.765 Mva after installing TCSC and SVC after it was 
225.68Mva without FACTS devices. In other words, this index was improved. 

8.   CONCLUSION 
In order to study simulation, Genetic Algorithm is implemented on a sample bus of an 

IEEE 24-bus system with real coding and the obtained results are discussed along with 
corresponding diagrams and tables. Obtained results show that considering loss index and 
installing SVC in both systems, voltage profile of load buses increases significantly. 
Furthermore, considering loss index and installing a combination of SVC and TCSC in 
both systems, voltage profile of load buses increases. By installing a combination of SVC 
and TCSC, loss index becomes lower compared to when no such device is installed, SVC 
is installed, or TCSC is installed, which shows improvement of this index.
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