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Abstract— There are several power system problems greatly 

affects its stability. Some of these problems is the outage of 

the transmission lines causing power system failure. In this 

paper, Insertion of FACTS devices proposed as a solution to 

this problem. Optimal location and sizing of FACTS devices 

play an important role in the recovery of the system stability. 

Whale optimization algorithm and mixed-integer nonlinear 

programming optimization techniques are proposed as a 

solution to this problem. The minimization of the total power 

system loss is the objective function. A comparison with 

other artificial optimization techniques has proven the 

superiority of the proposed techniques against other artificial 

techniques.  The power system under study is the IEEE 30 

bus system. 
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I. INTRODUCTION 

Flexible AC Transmission Systems devices have been widely 

used in power system in order to deal with several problems. 

Power system failure due to line outage or outage of a 

generator arise a great dis-functionality of the delivered power 

to the load as some of the transmission are heavily loaded than 

others exceeding limits. FACTS devices plays important role 

in the recovery of the system indices to its steady state and the 

recovery of the delivered power through transmission lines 
within acceptable limits.  

Several objectives used to optimally locate and size FACTS 

devices. The objective function used in this paper is the 

minimization of the total power system losses.  

Several types of FACTS devices were used in power 

system. The FACTS device considered in this paper is the 

Thyristor Controlled Series Compensator (TCSC). TCSCs 

insertion helps greatly in the restoration of the system 

operating limits. TCSC is modeled as a capacitance or 

inductance connected (XTCSC) in series with the line reactance 

(X). The reactance of the TCSC is calculated as a percentage 

of the line reactance (rTCSC). In this paper rTCSC is taken 

between 30 and 70 percent of the transmission line. Hence, the 

total reactance (Xtotal) of the line is the summation of the line 
reactance and the TCSC reactance. Figure 1 shows the 

modeling of the TCSC devices. 

Xtotal = X + XTCSC 

 

XTCSC = rTCSC × X 

  
Fig. 1. TCSC Model 

 

A thyristor-controlled reactor (TCR) connected in parallel 

with a capacitor is the TCSC device. FACTS device doesn't 

require any interfacing equipment, like high voltage 

transformers. TCSC device is connected in series with the 

transmission line to be compensated. Series compensation 

property of TCSC device makes it more economic competing 
other FACTS technologies. 
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Fig. 2. TCSC Schematic Diagram 

 

TCSC equation is given by: 

 

 

 

Where  and α is the firing angle. 

 

 
 

Fig. 3. TCSC reactance vs firing angle α  

 

Several optimization techniques used to optimally allocate 

FACTS devices. Authors in [1] used linear programming, 

Authors in [2] used quadratic programming, Authors in [3,4] 

used nonlinear programming, Authors in [5] used interior 

point method, Authors in [6] used evolutionary programming, 

Authors in [7] used particle swarm optimization method, and 

authors in [8-10] used genetic algorithm. 

In this Paper, two optimization techniques are used for 

finding the optimal location and sizing of TCSC devices in 
order to minimize total system losses. The IEEE 30-bus 

system was examined by the proposed optimization techniques 

successfully.  

         

II. PROBLEM FORMULATION 

The goal of this paper is to find the optimal location and 
sizing of the TCSC devices in order to restore the system to 

it is stable state. the optimization problem is formulated as 

follows: 

A.  Objective Function  

Economically, the minimization of active power losses 
Ploss is taken into consideration. Ploss expression is: 

 

B. System Constraints 

The load flow equations are represented by the equality 

constraints represent as follows: 

 

 

  

System operating limits are the inequality constraints. 

The optimization parameters are the location and the sizing 

of the TCSC devices. 

III. WHALE OPTIMIZATION ALGORITHM 

Recently a new heuristic optimization technique proposed 

by Mirjalili et al. [11] inspired by humpback whales behavior. 

The methodology used by those whales for hunting their preys 

is the bubble-net feeding method [12] as shown in figure 4. 
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Fig. 4. Bubble-net feeding 

 

The procedure of finding optimal solution passes by three 

stages and they are encircling prey, bubble-net attacking 

method, and searching for prey. The Pseudo-code of WOA 

algorithm is shown in figure 5. 

IV. MIXED-INTEGER NONLINEAR PROGRAMMING 

 
Fig. 5. Pseudo-code of WOA algorithm 

 

Mixed-integer nonlinear programming (MINLP) was proposed 

in 1960’s [13-15] to solve mixed-integer linear programming. 

The MINLP problem is formulated as follows: 

 

Where  is the vector  number of continuous variables and 

 is the vector of the m number of integer variables.  

  

  

  

  

  
The branch and bound optimization algorithm is used to 

solve the MINLP problem. The branch and bound 

optimization algorithm is discussed in the flowchart shown in 

figure 6. 

 
Fig. 6. Branch and Bound Algorithm 

V. CASE STUDY 
 

The optimization techniques were applied to the modified 

IEEE 30-bus system given in [16]. The obtained results are 

compared with [17]. Authors in [17] used Harmony Search 

Algorithm (HS) and Teaching-Learning Based optimization 
algorithm (TLBO) in order to find optimum location and 

sizing of TCSCs. 



 
                    International Journal of Engineering Applied Sciences and Technology, 2017    
                                          Vol. 2, Issue 5, ISSN No. 2455-2143, Pages 221-226 
                           Published Online March-April 2017 in IJEAST (http://www.ijeast.com) 

  

224 

 

The system under test is shown in Figure 7 as a one-line 
diagram. Data of the system is given in [16]. System study 

was carried out at the outage of the line joining bus 1 and bus 

2, and also increasing the load connected to bus 8 by 50%. 

The range of TCSCs carried out in this study is from -30% to -

70% of the line where the TCSCs located.  

VI. SIMULATION RESULTS & DISCCUSION 

 

The power flow results before TCSCs allocation shows that 

line 6-8 (P6-8) is more than its rated value (Prated) by 18.5%. 

After allocation of TCSCs using WOA, Active power flowing 

in line 6-8 (P6-8) returns to 93.875% of its rated value (Prated) 
and the minimum voltage of the system increased from 

0.944 to 0.95.On the other hand, the power flow results after 

allocation of TCSCs using MINLP method, Active power 

flowing in line 6-8 returns to 100% of its rated value and the 

minimum voltage of the system increased from 0.944 to 

0.95. Figures from figure 8 to figure 10 showed (P/Prated) 

percentage of power flowing in line 6-8 from its rated value, 

system’s minimum voltage (Vmin) and system’s total active 

loss (PLoss) before and after TCSCs allocation compared with 

those obtained in [17]. 

 

 
Fig. 7. IEEE 30 bus system 

 
Fig. 8 shows (P/Prated) percentage of power flowing in line 6-8 

 
Fig. 9 Minimum System Voltage 

 
Fig. 10 Total active power loss 

From the previous analysis, it can be noticed that small 
improvements achieved after allocating 12 TCSC devices 

when applying WOA and 16 TCSC devices when applying 

MINLP which are significantly large. The maximum reactive 

power loss when using WOA and MINLP is lower than that 

obtained in [17]. Another effective technique was mentioned 

in [17] by choosing only the lines which are far from its rated 

value and check the lines around it. It is found out that  6  

possible locations to allocate TCSCs, those locations are lines 

(4-6, 2-6, 6-7, 6-8, 6-28, and 8-28) after excluding lines 

connected to transformers and they are (6-9 and 6-10). After 

running the WOA algorithm program with the 8 possible 
locations, it was found that only 2 devices are needed in order 

to restore system stability rather than 12 devices in the 

previous results. On the other hand, after running the MINLP 
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program with the 8 possible locations, it was found that only 2 
devices are needed in order to restore system stability rather 

than 16 devices in the previous results.  TCSCs compensation 

levels and locations are given in table 1. the voltage at bus 8 

(minimum system voltage) was 0.944 without TCSCs 

allocation. The voltage at bus 8 (minimum system voltage) 

was 0.944 without TCSCs allocation. After TCSCs allocation 

using WOA, voltage at bus 8 raised to 0.948 in the case of 

minimum voltage limit of the system is set to 0.9 p.u and also 

raised to 0.951 in the case of minimum voltage limit of the 

system set to 0.95 p.u, the power flowing in line (6-8) 

decreased from 118.5% to 100% in case of minimum system 
voltage limit set to 0.9 p.u and to 100% in case of minimum 

system voltage limit is set to 0.95 p.u. After TCSCs allocation 

using  MINLP,  voltage at bus 8 raised to 0.948 in the case of 

minimum voltage limit  of the system is set to 0.9 p.u and also 

raised to 0.951 in the case of minimum voltage limit  of the 

system set to 0.95 p.u, the power flowing in line (6-8) 

decreased from 118.5% to 100% in case of minimum system 

voltage limit set to 0.9 p.u and to 100% in case of minimum 

system voltage limit is set to 0.95 p.u. Table 2 shows a 

comparison of the system performance results before and after 

TCSCs allocation with those obtained in [17] after choosing 

the 8 possible locations of TCSC devices. 
 

Table 1. TCSCs compensation levels and locations 

 
Table 2. System performance analysis comparison with [17] 

after choosing the possible locations of TCSC 

 

 

VII. A COMPARISON BETWEEN THE PROPOSED 
OPTIMIZATION METHODS WITH [17] 

From the comparison, it can be noticed that: 

Although system improvements after allocation of 
TCSCs using WOA proposed optimization technique, MINLP 
technique and both techniques applied in [17], a large number 
of TCSCs devices is used. In the WOA algorithm proposed 
technique, It has been found that the optimum number of 
TCSC devices is 12 which is less than the number of devices 
found by TLBO & HS in [17] which makes the WOA 
algorithm more economic than that proposed in [17]. After 
considering the number of devices in the optimization process, 
the number of TCSC devices became 4 in the case of WOA 
optimization proposed  technique greater than that found by 
HS  in [17] when the optimal system voltage is set to 0.95 p.u, 
however,  the number of TCSC devices is 2 in the case of 
WOA less than that found by HS in [17] by one device when 
the optimal system voltage is set to 0.9 p.u. . In the MINLP 
proposed technique, It has been found that the optimum 
number of TCSC devices is 16 which is less than HS in [17] 
which makes the MINLP method more economic than HS in 
[17]. The optimum number of TCSC devices when applying 
MINLP method is greater than the number of devices found 
by the TLBO in [17]. After considering the number of devices 
in the optimization process, the number of TCSC devices 
became 4 in the case of MINLP proposed  technique greater 
than HS in [17] when the optimal system voltage is set to 0.95 
p.u, however,  the number of TCSC devices is 2 in the case of 
MINLP proposed technique less than that found by HS in [17] 
by one device when the optimal system voltage is set to 0.9 
p.u.   

VIII. CONCLUSION 
 

In this paper a classical optimization technique (MINLP) and 

other artificial intelligence technique (WOA) are proposed to 

find optimal location and sizing of FACTS devices to 

minimize power loss. Results were compared with other 

optimization techniques. Results obtained has shown the 

superiority of the MINLP  classical optimization technique 

against all the new heuristic optimization techniques in finding 
the optimum solution, however WOA has proven it is 

superiority in finding a techno-economic solution to the 

problem through finding lower number of devices in the first 

case study.   
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