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Abstract— In this paper, the problem of solving of reactive 

power loss and voltage profile of electrical power network 

through particle swarm optimization. FACTS devices used 

for controlling of reactive power as well as voltage profile of 

network and find the energy cost of loss in electrical power 

network, after that FACTS devices place through the particle 

swarm optimization in suitable location in bus and line, find 

the energy cost of loss and compare with FACTS devices use 

without PSO technique. So this type result profitable 

obtained. One extra step taken and compare the line loss with 

the different amount of reactive load such as 150% and 200%. 
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I. INTRODUCTION 

Electrical energy is the back bone for the development of the 

society. There is always an increased requirement of 

electrical energy for industrial growth of a nation. Due to 

increase in power demand, restriction on the construction of 

new lines, environment, unscheduled power flows in lines 

creates congestion in the transmission network and increases 

transmission loss. Maintenance of bus voltages and line loads 

within predefined limits is one of the challenging tasks in an 

interconnected power system. Effective control of reactive 

power on weak nodes improves voltage profile, reduces 

power loss and improves both steady state & dynamic 

performance of the system. When increasing capital 

investments and fuel costs, economics of reactive power 

proper planning have a enormous effect on the beneficial and 

reliable operation of a power system. 

 On the argument of stable and safe operation, the 

reactive power optimization of power system realizes ranking 

and local balance of reactive power improves voltage quality 

and reduces the transmission network loss by means of 

adjustment of the reactive power controllers such as terminal 

voltages of generators, tap setting of tap-changing 

transformers and switchable shunt capacitor reactors. Since 

tap setting of tap-changing transformers and the outputs of 

shunt capacitors reactors have a discrete nature, whereas the 

reactive power outputs of generators and bus voltage 

magnitudes are continuous variables, reactive power 

optimization can be formulated as a mixed-integer/non-linear 

problem. The model of traditional reactive power 

optimization is usually expressed as minimization of the 

active network loss under rigid voltage constraints which 

almost not considers the security margin of voltage and the 

characteristics of soft constraints when dealing with some 

voltage constraints. Transmission loss minimization is a 

problem of  flow reactive power optimization and it can be 

controlled by reactive power of the generators, controlling 

transformer tap changing and adding shunt capacitors in the 

weak buses but the active power flow pattern cannot be 

controlled. 

 Reactive power optimization is considerable 

function both in design for the future and day-by-day 

operations of power systems. It uses all the reactive power 

sources sensible, while design suitable place and size of 

VARs compensation in a system. When increasing capital 

investments and fuel costs, economics of reactive power 

scheduling and planning have a enormous effect on the 

gainful and reliable operation of a power system. Electric 

power system is moving towards free trade electricity 

markets in all over the world. In power system must be 

required to control frequency, security, stability and voltage 

profile of the power system network and to assure the 

generation and transmission, subsidiary services like network 

control, frequency control and system restart are needed. 

Addition to control of voltage in the power system through 

reactive power optimization may have also other advantages, 

such as improvement of power factor and reduction of real 

power losses etc. 

 Reactive power and voltage control is subsidiary 

services to carry on voltage profile. Reactive power variation 

occur when system is faulted, voltage variation and heavily 

loaded is there. Balanced reactive power can be regained by 

attaching a device with the transmission line which absorb or 

deliver reactive power based on system network requirement. 

In power system FACTS (Flexible A.C transmission system) 

device used for reactive power sources. The FACTS is a 

concept proposed by N.G. Hingorani a well-known term for 

higher controllability in power systems by means of power 

electronics devices. 

 FACTS devices provide increasing system 

transmission capacity and power flow control flexibility and 

swiftness. 

 FACTS devices are mainly used for solving steady 

state control problems of power system. However earlier 

studies disclose that FACTS devices could be utilized to 

improve power system stability as well as power flow control. 

It is well known that the power flow through an AC 

transmission line depends upon line impedance, the 

magnitude and the phase angle difference between the 

sending end and the receiving end voltages. Active and 

reactive power flow in the power system transmission lines 

can be controlled by proper coordination of FACTS devices. 

 Thyristor Controlled Switched Capacitor (TCSC), 

Unified Power Flow Controller (UPFC), Thyristor Controlled 

Voltage regulator (TCVR), and Static VAr Compensator 

(SVC) were used for increased power flow. 

 The aim of this my present work is based on optimal 

allocation of FACTS devices in the power system 

transmission network so that the transmission loss minimized 

as well as  increase the power transfer capacity of the 

transmission network that ultimately yields minimum 

operating cost using PSO (Particle Swarm Optimization) 

technique. PSO technique has been proposed in the literature 

to solve the reactive power optimization problems. 

 Particle Swarm Optimization (PSO) is an 

optimization implement and it is an imaginary, population 

based find and optimization algorithm for problem-solving. 

Particle Swarm Optimization (PSO) technique developed in 
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1995 by Dr. Eberhart and Dr. Kennedy, motivated by social 

behavior of bird flocking or fish schooling. Now in these days 

Particle swarm optimization (PSO) is becomes most popular 

because of its simplicity of application. As compared with 

other any optimization methods, Particle Swarm 

Optimization (PSO) technique is faster and efficient. 

 In the present work, first of all the locations of the 

FACTS devices are identified by calculating different line 

flows of system. Here two types of FACTS devices are used 

for VAr sources, namely, static VAr compensator (SVC), and 

thyristor controlled series capacitor (TCSC). TCSCs are 

placed in lines which have reactive power flows very high 

and the SVCs are connected at the receiving end side buses 

of the other lines carrying notable amount of reactive power. 

An optimal allocation of individual devices is examined in 

IEEE 30-bus data system under different loading conditions. 

The obtained optimal solutions and their related numerical 

results are discussed. 

II. LITERATURE REVIEW 

Particle swarm optimization (PSO) method to deal with 

reactive power optimization problem in a province power 

system in China has discussed by Wen Zhang and Yutian Liu 

in [1]. An application of particle swarm optimization (PSO) 

for power loss minimization and voltage control in IEEE-30 

bus systems have been discussed by A. Ananthi Christy et al 

in [2]. A hybrid particle swarm optimization for reactive 

power and voltage control considering voltage stability is 

presented by M.Y.Ali et al in [3]. The comparative study of 

results obtained for Reactive power optimization using three 

techniques namely Genetic Algorithm, Differential evolution 

technique and Particle Swarm Optimization has been done in 

[4].  The improvement of voltage profile and reducing power 

loss in an optimal manner using the genetic algorithm and 

differential evolution has been dealt in [5]. The same problem 

of optimal power planning has been dealt with the combined 

use of particle swarm optimization and fuzzy logic in [6]. The 

power loss minimization problem in a radial distribution 

system using particle swarm optimization has discussed in 

[7]. The allocation and coordinated operation of multiple 

FACTS devices for economic operation as well as to control 

the power transfer capability using particle swarm 

optimization is discussed in [8]. The location and coordinated 

operation of FACTS devices is discussed in [9] using 

differential evolution technique based particle swarm 

optimization. The parallel vector evaluated particle swarm 

optimization based on vector evaluated Genetic Algorithm is 

discussed in [10]. The power loss minimization problem by 

determining the controlling parameter values using particle 

swarm optimization is discussed in [11]. The design of TCSC 

controller using particle swarm optimization is discussed in 

[12] which results in effective small disturbance damping in 

the power system. Reactive power planning which includes 

allocation of reactive power sources (VAr sources), SVC & 

TCSC parameters for optimal operation of IEEE-14 bus 

system is discussed in [13]. The minimization of real power 

losses and improvement of voltage profile using Bacterial 

Swarming Algorithm is discussed in [14]. Evolutionary 

Particle Swarm Algorithm which combines Particle Swarm 

Optimization with Evolutionary Algorithm for optimal 

reactive power planning is discussed in [15]. Power flow 

through an AC transmission line is depends upon line 

impedance, the magnitude and the phase angle difference 

between the sending end and receiving end voltages. With the 

help of FACTS devices both i.e. active and reactive power 

flow in the lines can be controlled easily. The concept of 

flexible AC transmission system (FACTS) was first 

introduced by Hingorani [16]. Modeling, Simulation and 

Comparison of Various FACTS Devices in Power System has 

presented by S. Akter et al in [17]. A particle swarm 

optimization (PSO) introduced by Kennedy and Eberhart [18] 

is such an algorithm that can be applied to nonlinear 

optimization problems. Application of particle swarm 

optimization technique for optimal location of FACTS 

devices considering cost of installation and system load 

ability has been dealt in [19]. Optimal Placement of TCSC 

and SVC Using PSO technique has also been discussed in 

[20]. In [22]-[25], Reactive Power optimization by Particle 

Swarm Optimization (PSO and EPSO) technique has been 

dealt. 

A. Thesis Outline 

This thesis consists of seven chapters. 

 In chapter 2, the FACTS devices used here, which is 

TCSC (Thyristor Controlled Series Capacitor) and SVC 

(Static VAr Compensator), there advantages and 

applications are discussed. 

 In chapter 3, the problem formulation and location of 

FACTS device in the lines and buses have been 

discussed. 

 In chapter 4, the chosen methodology here, Particle 

Swarm Optimization (PSO) algorithm for solving the 

Reactive power optimization problem has been 

discussed. 

 In Chapter 5, the results obtained from the proposed 

work are discussed. 

 In chapter 6, the conclusions are made and in the chapter 

7, the future work has been discussed. 

 In the appendix the line data and bus data for IEEE-30 

bus system is given. In the same the one line diagram of 

IEEE-30 bus system can also be found. 

III. INTRODUCTION 

From the general point of view, the FACTS principle mainly 

depends on the advanced technologies of power electronic 

techniques into the power system, to make it electronically 

controllable. FACTS device is a system comprised of static 

equipment used for the ac transmission of electrical energy. 

 FACTS is defined by the IEEE as "A power 

electronic based system and other static equipment that 

provide control of one or more AC transmission system 

parameters to enhance controllability and increase power 

transfer capability." 

Three types of Compensation used in Power flow Equation 

1) Series Compensation (Using TCSC) 

2) Shunt Compensation (Using SVC) 

3) Load angle Compensation (Using TC-PAR) 

Out of which 1st two is used here. 

1) Series Compensation 
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In series compensation, the FACTS device is connected in 

series with the power system. It works as a controllable 

voltage source. Series inductance exists in all AC 

transmission lines. In long transmission lines, a large voltage 

drop, when a large current flows. To overcome this one, series 

capacitors are connected, hence decreasing the inductance 

effect. 

2) Shunt Compensation 

Shunt capacitive compensation is used to improve the power 

factor of system network. Whenever heavy inductive load is 

connected to the transmission line, power factor lags behind 

the voltage because of lagging load current. To recompense, 

a shunt capacitor is connected which draws leading current to 

the source voltage. The net result is improvement in power 

factor. 

 Shunt inductive compensation: In this method is 

used either charging the transmission line i.e. no load 

condition or, very low load at the receiving end. Due to its 

very low, or no load, a very low current flows through the 

transmission line. Transmission line causes voltage 

amplification (Ferranti Effect) due to Shunt capacitance in 

line. The receiving end voltage more may become double the 

sending end voltage (generally in case of very long 

transmission lines not in short line). To overcome this one, 

shunt inductors used to across the transmission line. 

A. Modelling of FACTS Devices 

For analysis of the steady state, it is require modeling the 

FACTS devices mathematically. Here, thyristor controlled 

switched capacitors (TCSC) and Static VAr Compensators 

(SVC) are used as FACTS devices in the transmission system 

in this approach. 

1) TCSC (Thyristor Controlled Series Capacitor) 

TCSC’s is one of the most important and best known FACTS 

devices, which has been in use for many years to increase line 

power transfer as well as to enhance system stability. 

 TCSC is defined by IEEE as “A capacitive reactance 

compensator which consists of a series capacitor bank 

shunted by a thyristor-controlled reactor in order to provide a 

smoothly variable series capacitive reactance”. 

 A capacitor reactance compensator, which consists 

of a series capacitor bank shunted by thyristor controlled 

reactor (TCR) in order to provide a smoothly variable series 

capacitive reactance. 

a) Basic Operating Principles 

TCSC consists of a capacitor connected in parallel with a 

thyristor-controlled reactor (TCR). The TCR circulates a 

current in the capacitor and helps to boost its voltage above 

that which could be obtained by line current alone. The TCSC 

voltage is non-sinusoidal whereas the line current has a very 

small harmonic content. The use of electronic device 

(thyristor) control to provide variable series compensation 

makes it gorgeous to utilize series capacitors in long 

transmission lines. Each of the thyristors is triggered once per 

cycle and has a conduction period shorter that a half period of 

rated power frequency. By appropriately firing the thyristors 

it is possible to make the effective reactance of TCSC at 

fundamental frequency greater than that of the fixed capacitor 

(XC) is shown Fig.2.1. 

 
Fig. 2.1: Static Model of TCSC 
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The working range of TCSC is observe as follows. 

−0.8Xl ≤ XTCSC ≤ 0.2Xl 

 XTCSC Is the adding reactance in the line by placing 

TCSC. 

 Xl Is known as reactance of the line where TCSC is 

situated. 

The effective reactance of TCSC operates in three region, 

inductive region, capacitive region and resonance region 

depending upon the delay angle of TCR. 

Range of firing angle (α) Region of Operation 

 lim0 L  Inductive region 

 limlim CL   Resonance region 

90lim


  C

 Capacitive region 

 The effect of TCSC on the network can be modeled 

as a series reactance with control parameter Xs. The static 

model of the network with thyristor-controlled series 

capacitor (TCSC) is shown in Fig 2.1. 

2) SVC (Static VAr Compensator) 

The FACTS devices have been used for a many years to 

improve transmission line economy by solving dynamic 

voltage problems. The accuracy, reliability, availability and 

fast acting response enable SVC’s to provide high 

performance transient and steady state voltage control as 

compared with traditional shunt compensation. SVC’s are 

also used to power swings, improve transient state stability, 

and reduce overall system losses by optimized reactive power 

flow control. 

 The SVC is a shunt type FACTS device defined by 

IEEE as “A shunt connected static VAr generator or absorber 

whose output is adjusted to exchange capacitive or inductive 

current so as to stable or control specific values of the power 

system, especially the bus voltage”. 

 The SVC can work as absorb or inject its reactive 

power (QSVC) at a chosen bus. It feed reactive power into the 

transmission system from SVC if the QSVC < 0 and it absorbs 

reactive power from the system to SVC if the QSVC > 0. The 

working range of SVC is between 0MVAr and +100 MVAr. 

 SVC can be worked as to generate or absorb 

considerable reactive power by capacitor and reactor banks 

“in” and “out” of the system network. The main function of 

SVC is to absorb reactive power from the bus or to inject 

http://en.wikipedia.org/wiki/Inductance
http://en.wikipedia.org/wiki/Power_factor
http://en.wikipedia.org/wiki/Power_factor
http://en.wikipedia.org/wiki/Voltage
http://en.wikipedia.org/wiki/Transmission_line
http://en.wikipedia.org/wiki/Ferranti_Effect
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reactive power to the bus, where it is installed. The effective 

reactance of SVC's denoted by XSVC is determined by parallel 

combination of XC & XL and it relation is given below: 

XSVC =
πXCXL

XC[2(π − α) + 2 sin α] − πXL
                                 (2.8) 

Where α is the firing angle. 

The reactive power is limited as follows 

QSVC
min ≤ QSVC ≤ QSVC

max 

Where 

QSVC
min  = -100 MVAr 

QSVC
max = 100 MVAr 

The SVC model is shown in figure given below. 

 
Fig. 2.2: Firing Angle Model of SVC 

IV. FACTS DEVICES COST FUNCTIONS 

TCSC: 

CTCSC = 0.0015(OR)2 - 0.7130(OR) + 127.38  (US $/kVAr) 

   (2.9) 

SVC: 

CSVC = 0.0003(OR)2 - 0.2691(OR) + 188.22  (US $/kVAr) 

   (2.10) 

Here, (OR) is the operating range of SVC at bus m or TCSC 

at line m (MVAr). 

A. Optimal Placement of FACTS Devices 

There are three factors to be taken before installing a FACTS 

device: 

1) The types of devices 

2) The capacity which required 

3) The location that optimize place the functioning of the 

devices. 

In above three factors, the last one is of most importance, 

because the desired effect, load ability and features of the 

system depend of the correct location of FACTS. 

 SVCs are mainly suitable when voltage support or 

reactive power flow is necessary. TCSC devices are mostly 

suitable in lines with high Reactive Power flow. There are 

two different means of placing FACTS devices in the power 

system for the purpose of increasing the system ability to 

transmitted power, so that allowing for the use of more 

economic generating units. That is why FACTS devices are 

connected at the heavily reactive loaded lines to control the 

power flow in that line. This causes more power can be sent 

through the remaining part of the system when protecting the 

line with the device for overloaded line. In this method which 

sides the devices in the heavily loaded line is more effective. 

If reactive power flow is a particular part of the total flow on 

the selected transmission line, either a SVC device in the line 

or a TCSC device located at the end of the line which receives 

the reactive power, it  may be used to reduce the reactive 

power flow, so that increasing the active power flow capacity 

of line. 

 Besides FACTS devices, Transmission loss can be 

minimized by minimization of reactive power, which is 

possible by under following method: 

1) Controlling reactive generations of the generator’s 

2) Controlling transformer tap settings, and 

3) By the addition of shunt capacitors at weak buses. 

B. Steps for the Identification of FACTS Locations 

1) First step should be to conduct a detailed network study 

to research the critical conditions of a grid or grid’s 

connections. These conditions can be include: risks of 

voltage disturb or even voltage collapse, unwanted 

power flows, as well as the capacity for sub- synchronous 

resonances or power swings; 

2) For a stable grid, the optimized application of the 

transmission lines- e.g. increasing the energy transfer 

capability- could be investigated; 

3) If there is a capacity for improving the transmission 

system, either through increase stability or power 

transfer capability, the suitable FACTS device and its 

desirable rating can be determined; 

4) On the basis of this technical information, an economical 

study can be performed to compare to the conventional 

solutions with the achievable benefits or costs of FACTS 

devices. 

C. The Proposed Approach 

So that here main aim is to minimize the total operational cost 

under different loading condition by including FACTS 

devices at optimal locations of the transmission network. 

Including of FACTS controllers also the system cost increase. 

So that, optimal placements of FACTS devices are required 

such that the benefit obtained by reducing the transmission 

loss is countable even after the placement of FACTS devices. 

 The cost of system operation and Installation costs 

of various FACTS devices, energy loss cost are combined to 

form the main objective function to be optimized. 

 With FACTS devices, the active and reactive power 

flow both can be changed and results valuable changes in the 

system performance. The optimization allocation of FACTS 

Devices can be written as: 

CTOTAL = C1 (E) + C2 (F)                 (2.11) 

Where: C1(E) is the cost of energy loss and C2(F) is the total 

capital cost of the FACTS Devices. 

Subject to the nodal active and reactive power balance 

𝑃𝑛𝑖
𝑚𝑖𝑛 ≤ 𝑃𝑛𝑖 ≤ 𝑃𝑛𝑖

𝑚𝑎𝑥  

𝑄𝑛𝑖
𝑚𝑖𝑛 ≤ 𝑄𝑛𝑖 ≤ 𝑄𝑛𝑖

𝑚𝑎𝑥 

Voltage magnitude constraints: 

𝑉𝑖
𝑚𝑖𝑛 ≤ 𝑉𝑖 ≤ 𝑉𝑖

𝑚𝑎𝑥 

and the existing nodal reactive capacity constraints 

𝑄𝑔𝑖
𝑚𝑖𝑛 ≤ 𝑄𝑔𝑖 ≤ 𝑄𝑔𝑖

𝑚𝑎𝑥  
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Superscripts min, max are the minimum and maximum limits 

of the variables. 

The power flow equations between the nodes i-j after 

including FACTS devices written as 

TCSC: 

PGi − PDi + Pi − ∑ ViVj(Gij cos θij + Bij sin θij)
N−1
j=1 = 0  (2.12) 

QGi − QDi + Qi(inj) − ∑ ViVj(Gij sin θij − Bij cos θij) = 0N−1
j=1 (2.13) 

PGj − PDj + Pj − ∑ ViVj(Gij cos θij + Bij sin θij)
N−1
j=1 = 0 (2.14) 

QGj − QDj + Qj(inj) − ∑ ViVj(Gij sin θij − Bij cos θij) = 0N−1
j=1 (2.15) 

SVC: 

QGi − QDi + QiL(inj) − ∑ ViVj(Gij sin θij − Bij cos θij) = 0N−1
j=1  

  (2.16) 

 Where,Pi and Qi(inj) are the real and reactive power 

flow modify takes place at the nodes due to TCSC connected 

in a certain lines between the nodes i & j. QiL(inj) is the reactive 

power booster due to SVC. These changes in the power flow 

equations are taken account by suitable modifying into the 

admittance bus matrix for implementation of load flow in 

calculating the objective function for each individual 

population of generation in the cases of Particle Swarm 

Optimization based approaches. 

 In this method, firstly the locations of FACTS 

devices are describe by calculating the power flow in the 

transmission lines. Here we choose only eight locations in 

IEEE-30 bus system for the placement of FACTS devices. 

Preferences are given only to those lines carrying large 

reactive powers. Higher loading will cause more voltage drop 

to the buses at the remote end of these lines compared to the 

other buses. This is observed for all cases of loading. 

 In IEEE-30 bus test system, four locations are 

selected for TCSC’s and four locations are selected for 

SVC’s. Lines 25th, 41th, 28th and 5th are selected as the lines 

for TCSC placement and concurrently series reactance of 

these lines are controlled. 

 Bus number 14th, 20th, 29th and 30th are found as the 

candidate buses for the placement of SVC’s. 

 After detecting the optimal position for the 

placement of FACTS devices in the network, PSO is run to 

determine magnitudes of FACTS devices. 

V. FLOW CHART OF LOAD FLOW IN PSO ALGORITHM 

The algorithm of the proposed work is explained below. 
1) Step 1: The system data is initialized. 
2) Step 2: PSO parameters such as the size of swarm m, 

maximum number of iterations, the number of variables 

to be optimized, limits of each variables in the particle, 

C1 & C2 values, 𝛚min &  𝛚max , velocity limits, Pbest and 

G best are initialized. 

3) Step 3: An initial population is randomly generated 

considering the variables to be      optimized. [The 

number of devices, types of device, rating of the device, 

location of the device] 

4) Step 4: For each particle i [i = 1, 2…m] in the total 

particles, the objective function is fined. 

5) Step 5: The calculated value of each particle is compared 

with its P best and P best of each particle is updated. 

6) Step 6: Gbest is calculated, then compared with the Gbest 

in the previous iteration and it is updated. 

7) Step 7: A new population is prepared by changing the 

position and velocity of the particle. 

8) Step 8: If stopping criterion is satisfied, the best 

individual is printed, else repeated from step 4. 

 
Fig. 4.1: Flow-chart of PSO Algorithm 

 
Figure 4.2: Behavior of particle in PSO 

The formulae on which PSO works is given as 

The position update of particles is carried out through the 

expression (4.2) in which the velocity is calculated using 

(4.3). 

Si
k+1 = Si

k + vi
k+1    (4.2) 

vi
k+1 = ωivi

k + C1 rand × (pbesti
− Si

k) + C2 rand ×

(gbest − Si
k)  (4.3) 

The inertia weight is calculated using the above expression 

(4.1). 

 This iterative procedure is repeated till a specified 

number of swarms are reached or until a predefined amount 

of time has elapsed or until there is no considerable difference 

between the outcomes of a few subsequent iterations. 

Where, 

vi
k Current velocity of agent i at iteration k, 
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vi
k+1  is the modified velocity of the ith agent 

rand    is the random number between 0 and 1, 

Si
k  Current position of agent i at iteration k, 

Ci   Weight coefficient for each term set to 2.0 

pbesti
   Pbest of agent i, 

gbest   gbest of the group, 

ωi → Inertia weight for velocity of agent i. 

Here  ωmax = 0.9 , ωmin = 0.4 , 

itermax → Maximum number of iterations, 

iter  → Current iteration number 

 

 In PSO, the gbest particle always improves its 

position and finds the optimum solution and the rest of the 

population follows it. 

 The goal of the PSO is to find the optimal 

magnitudes of FACTS devices in transmission system with a 

defined objective function within the equality and inequality 

constrains. String representing the control variables is shown 

in figure 4.3. The number of the control variables depends 

upon the test system used. 

T1 T2 … Tn S1 S2 … Sn Qg1 Qg2 …. Qgn t1 t2 … tn 

TCSC SVC Reactive generation of Generators Transformer tap positions 

Fig. 4.3: String representing the control variables.

Where T1, T2,…,Tn = Number of TCSC’s 

S1, S2, …., Sn = Number of SVC’s 

Qg1, Qg2, …., Qgn = Number of reactive generation of 

generators 

t1, t2,….,tn = Number of transformer tap positions 

VI. RESULT & DISCUSSION 

 
Fig. 5.1: Graph Loss v/s Iteration (for 200 Iter.) 

 
Fig. 5.2.: IEEE 30 Bus Systems 

Bus 

No. 

Bus 

Voltage 

Without 

FACTS 

Bus 

Voltage 

With 

FACTS 

Using  

PSO 

Bus 

Angle 

Without 

FACTS 

Bus Angle 

With 

FACTS 

Using 

PSO 

1 1.0500 1.0500 0.0000 0.0000 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1.0338 

1.0284 

1.0231 

1.0058 

1.0182 

1.0014 

1.0230 

1.0302 

1.0135 

1.0913 

1.0295 

1.0883 

1.0096 

1.0036 

1.0122 

1.0050 

0.9906 

0.9871 

0.9926 

0.9956 

0.9965 

0.9892 

0.9819 

0.9901 

0.9651 

1.0079 

1.0121 

0.9832 

0.9696 

1.0229 

1.0174 

1.0096 

0.9593 

1.0013 

0.9759 

0.9993 

1.1148 

1.1172 

1.1283 

1.1215 

1.1392 

1.1117 

1.1072 

1.1157 

1.1162 

1.1001 

1.0989 

1.1033 

1.1065 

1.1073 

1.1011 

1.0973 

1.0960 

1.0797 

1.1033 

0.9987 

1.0935 

1.0848 

-0.0481 

-0.0813 

-0.0975 

-0.1579 

-0.1127 

-0.1391 

-0.1137 

-0.1415 

-0.1755 

-0.1083 

-0.1644 

-0.1432 

-0.1789 

-0.1795 

-0.1728 

-0.1775 

-0.1893 

-0.1920 

-0.1888 

-0.1816 

-0.1816 

-0.1851 

-0.1877 

-0.1885 

-0.1917 

-0.1859 

-0.1195 

-0.2057 

-0.2208 

-2.1738 

-3.5545 

-4.2331 

-6.4799 

-4.9473 

-6.1561 

-4.8152 

-5.8858 

-7.2810 

-4.1868 

-6.8238 

-5.7621 

-7.6633 

-7.6630 

-7.1676 

-7.2656 

-8.0327 

-8.0838 

-7.8598 

-7.6344 

-7.6116 

-8.0546 

-8.1839 

-8.2127 

-8.5734 

-8.0041 

-4.9512 

-9.2828 

-10.0756 

Table 5.1: Bus Voltage and Phase angle for 100% reactive 

loading 

 
Fig. 5.3 Bus Voltage and Phase angle for 100% reactive 

loading (Line Pie Chart) 
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Control Variables Its values 

qg(  2) 

qg(  5) 

qg(  8) 

qg( 11) 

qg( 13) 

ysh( 14)*1i 

ysh( 20)*1i 

ysh( 29)*1i 

ysh( 30)*1i 

tap( 11) 

tap( 12) 

tap( 15) 

tap( 36) 

xtcsc( 25) 

xtcsc( 41) 

xtcsc( 28) 

xtcsc(  5) 

0.0857 

0.2571 

0.2474 

0.0566 

0.1923 

0.0163 

0.0000 

0.0818 

0.0203 

0.9107 

0.9000 

0.9000 

0.9000 

0.0600 

0.0600 

0.0600 

0.0600 

Table 5.2: Gbest (Global best position for minimum Loss) 

TCSC in Lines SVC in Buses 

 

25 41 28 5 
 

 

14 20 29 30 
 

Table 5.3: Location of FACTS devices :( for 200 Iterations) 

Reactive 

Loading 

Active Power Loss 

without FACTS  

devices (p.u) 

Active Power Loss 

with FACTS devices 

using PSO (p.u) 

100% 0.0711 0.05516 

Table 5.4: Active Power Loss Comparison 

 The consideration approach for the placement of 

FACTS devices is applied in IEEE-30 Bus system. The power 

system is loaded (considered reactive loading) and this 

accordingly FACTS devices are placed at different locations 

of the power system. The power system is loaded up to the 

limit of 100% of base reactive load and the system 

performance is observed with and without FACTS devices. 

 The locations of different FACTS devices in the 

transmission network and the magnitude and phase angle of 

the bus voltages with & without FACTS devices for100% 

reactive loading is shown in different tables. Phase angles are 

given in radian.  A comparative analysis of active power loss 

with and without FACTS devices using PSO technique are 

shown in Table 5.4.  Amount of FACTS devices, reactive 

generations of the generators and transformer tap positions in 

different cases of loading is shown in Table 5.2. 

 It is observed that SVC’s are connected at the buses 

14th, 20th, 29th & 30th those are at the finishing ends of the 

lines 17th, 24th, 37th & 39th respectively because these four 

lines are the carrying highest, second highest, third and fourth 

highest reactive power respectively, without FACTS devices 

using. After connecting SVC’s at theses buses, voltage profile 

at these buses are improved, also reactive power flow reduces 

greatly in the lines 17th, 24th, 37th & 39th for base loading. 

TCSC’s are placed in the lines 25th, 41st, 28th & 5th as these 

are the next four lines carries high reactive power. 

 From Table 5.4. It has been observed that 

transmission loss reduces significantly in all cases of loading 

with FACTS devices as compared to without such devices. 

A. IEEE-30 Node System Optimization Results & Analysis 

Reactive power flow in all the lines are calculated by running 

the load flow program using Newton-Raphson method. 

System is loaded reactively and it has increased from base 

load to 150% of base load and finally up to 200% of base load 

for IEEE-30 bus test system. 

Reactive 

loading 

Active power loss 

without FACTS 

(pu) 

Active power loss 

with FACTS using 

PSO (pu) 

100% 0.0711 0.05516 

150% 0.0791 0.0607 

200% 0.0803 0.0781 

Table 5.5: Comparative analysis of active power loss using 

PSO in IEEE-30 bus system 

 A comparative study of the operating cost of the 

system without and with FACTS devices under different 

loading conditions are shown in Table 5.6 for IEEE-30 bus 

system. It has been observed that operating cost using PSO is 

reduced significantly in all cases of loading with FACTS 

devices as well as significant economic gain is obtained even 

at a loading of 200% of base reactive loading for IEEE-30 bus 

system.  The economic gain obtained is much higher than the 

installation cost of the FACTS devices in every cases of 

loading. 

Reactive 

Loading 

Operating cost due to the 

energy loss 

(in $)  (D) 

Operating cost with FACTS 

devices using PSO 

(in $)    (E) 

Cost of FACTS 

devices using PSO 

(in $) 

Net saving 

using PSO 

(in $) (D-E) 

100% 1.4712×107 1.2059×107 96344 2653000 

150% 1.5762×107 1.2658×107 138208 3104000 

200% 1.7481×107 1.3156×107 152656 4325000 

Table 5.6: Operating cost analysis without and with FACTS devices using PSO based proposed approach in IEEE- 30 bus 

system

 The optimal value of FACTS devices along with 

other controlling parameters such as reactive generation of 

generators and transformer tap setting for both the systems 

under different loading cases using PSO in IEEE-30 bus 

system is shown in Table 5.7. It is clear from the table that all 

the parameter values are lies within the limits. 

Loading 

SVC 

amount 

(pu) 

TCSC amount  

in lines  (pu) 

Reactive 

generation Qg 

(pu) 

Transformer 

tap position (pu) 

100% 

0.2246 

0.0169 

0.4064 

0.6125 

0.0331 

0.0304 

0.0163 

0.0410 

0.4338 

0.5313 

0.2500 

0.2 

0.09 

0.9763, 0.9016, 0.9387, 0.9580, 0.9414, 0.9374, 0.9264, 

0.9584, 0.9626, 0.9234, 0.9486, 0.9735, 0.9923, 0.9808, 

0.9572, 0.9285, 0.9129 
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0.3809 

150% 

0.0495 

0.1402 

0.7885 

0.7997 

0.0331 

0.0304 

0.0163 

0.0410 

0.1742 

0.2980 

0.25 

0.1188 

0.09 

0.0818 

0.9431, 0.9099, 0.9247, 0.9311, 0.9807, 0.9291, 0.9309, 

0.9252, 0.9326, 0.9948, 0.9320, 0.9, 0.9256, 0.9144, 0.9393, 

0.9101, 0.9427 

200% 

0.4448 

0.1704 

0.5430 

0.4721 

0.0090 

0.0304 

0.0163 

0.0410 

0.4710 

0.1671 

0.0 

0.1580 

0.09 

0.4082 

0.9506, 1.0411, 0.9298, 0.9780, 1.0037, 0.9638, 1.0220, 

1.0035, 0.9856, 0.9723, 0.9830, 1.0386, 0.9845, 0.9506, 

0.9924, 0.9141, 0.9775 

Table 5.7: Amount of FACTS devices and other reactive sources in the transmission network using PSO for different loading 

cases in IEEE-30 bus system

 Fig. 5.4-5.6 shows variation of operating cost with 

generation using PSO technique for IEEE-30 bus test system 

under different cases of loading. 

 
Fig. 5.4 Variation of operating cost with generation for base 

reactive loading using PSO in IEEE-30 bus system 

 
Fig. 5.5 Variation of operating cost with generation for 

150% of base reactive loading using PSO in IEEE-30 bus 

system 

 
Fig. 5.6: Variation of operating cost with generation for 

200% of base reactive loading using PSO in IEEE-30 bus 

system 

 PSO algorithm is run for 200 generations and 

number of populations taken as 80 for IEEE-30 bus system. 

Here energy cost is taken as 0.06$/kWh. 

VII. CONCLUSION 

In this technique, PSO (Particle Swarm Optimization) based 

system placement of FACTS devices in power system bus 

and line for increased power system load ability and also 

minimize to the total operating cost. 

 Achieving the objective function, solve by PSO 

(Particle Swarm Optimization) technique. PSO (Particle 

Swarm Optimization) is basically algorithm based which is 

suited for complex as well as nonlinear problems. With the 

help of PSO (Particle Swarm Optimization) found the 

suitable locations placement and optimal ratings of TCSC’s 

and SVC’s  for improvement in bus voltage profile as well as 

reducing the line loading. 

 It is clearly shows that from the results that effective 

placement of FACTS devices at proper locations by using 

suitable PSO (Particle Swarm Optimization)   can 

significantly improve in load ability of power system. Hence, 

this PSO (Particle Swarm Optimization) based approach 

could be a new algorithm based technique for the installation 

of FACTS devices in the power transmission system. 
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