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Abstract

The use of heuristic methods is one of the main advances in research in general since these techniques are capable of adapting themselves to problems for which it is almost impossible to obtain a suitable mathematical model. However, its use in the context of power systems is still in its initial stage, and in this work an application has been presented for the solution of a problem related to the dynamic behaviour of the electrical networks. 
An effective way of solving the problem of voltage control in electrical power systems is through the injection of reactive power at strategic points in the network. We present a brief description of the problem and the most appropriate measures for its solution. It is concluded that an effective way of attacking the problem is by means of FACTS devices and particularly with the inclusion of the Static VAR Compensator (SVC) and the Thyristor Controlled Series Compensator (TCSC). Because these devices have convenient features for voltage control, in addition to being flexible and allows to incorporate tasks such as damping power oscillations.
The inclusion of FACT devices in power system has been presented by using SVC and TCSC to elaborate an appropriate strategy for its implementation in real systems. 
The optimal sizing and location of SVC and TCSC is carried out on the basis of Grey Wolf Optimization (GWO) having an end goal of loss minimization. The proposed GWO based method validates using IEEE-30 and IEEE-57 bus systems.
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Introduction
Power engineering can be considered as one of the oldest and most traditional of all areas of electrical engineering, and we also consider aspects such as: i) the use of modern technology within the operation and planning of systems power; ii) the current structure of the electrical industry facilities, it can be concluded that it is an essential part of the development of electrical engineering. The application of optimization methods is one of the technical improvement tools that has impacted the area in the last twenty years. These methods are very powerful and practical as they are able to guarantee a better electrical and economic performance of the electrical power system (EPS). 
To analyze the optimization problem, there are many controllable parameters of interest. That is, you have many objective functions and restrictions that must be satisfied for an economical and reliable operation [1] [2]. 
The contribution of optimization methods to EPS can be considered to be of great value in economic terms, because hundreds of millions of rupees are saved each year in their operation and planning [3]. In addition, other benefits can be considered in terms of reliability and safety of the electricity network. 
, In the mid-1960s, the first concepts and optimization algorithms were presented for energy dispatch, resource allocation and EPS planning, mathematically formalizing decision-making, considering a variety of system objectives subject to technical and non-technical constraints [4]. The result was an extraordinary increase in research activities aimed at an optimal implementation of these experiences (optimal power flows). Consequently, there is a great advance in research in the application of optimization methods within power engineering, involving problems related to those systems.
The problem of economic dispatch as a function of time incorporating system constraints is typically solved using optimal power flows (OPF), which is an extension of economic dispatch that includes optimum settings of tap changers under load, active and reactive generation powers, phase changers and some other control device. Other applications extend network optimization work including reactive planning, network expansion, and transferability availability.
It is true that these optimization methods provide great benefits in the electrical industry as they have a great practical application and are very reliable. This is why, in this work we present one of those numerous applications that can be made with the optimization methods.
2. Autorship and Contributorship
Corresponding author (*1) contributed the coding part of the system and incorporated the objective function formulated. The literature survey has been implicitly conducted by second author (*2) and suggested the objective function, which in turn is implemented in the paper. The method employed is being worked out by third author (*3) after a rigorous comparison with other algorithm, suggested to employ GWO. The integrity and authenticity of references is also taken care by third author.

3. Motivation of the use of Optimization methods
When engineers face very demanding problems, it is their responsibility to propose new and better tools to solve it. On the other hand, once a new tool is available, it should be used to re-examine the problem and find even better and more economical solutions. The control of EPS is a typical example, which refers to the behaviour of the synchronous machines after they have been disturbed.
 
Synchronous machines are the main components of EPS and their performance is directly related to their safety and stability in operation. Synchronous machines interconnected in a power network operate over an extensive variety of functioning environments. The use of more effective control schemes is justified by the following reasons:
 
· Design of modern generation units.
· The increase in the complexity of the network.
· The demand regarding economic and operating requirements.
 
Generally the EPS is a very complex and non-linear system with dynamics and nonlinearities that cannot be modeled in precise mathematical terms. To implement a controller, it is necessary to decrease the order of the nonlinear model and linearize the equations by considering small deviations around an operating condition. The design of the controller parameters remains fixed. Therefore, the performance of the controllers is affected when there are changes in the operating points.
 
Recently, many modern optimization techniques have been developed such as Particle Swarm Optimization, Genetic Algorithms and Fuzzy Logic Systems [5], [6], [7], [8], [9], [10], [11], [12]. The applications of these techniques for some problems in EPS have delivered promising results. However, the application of them is still in its initial stage and only recently have begun to receive great attention from researchers.
Modern techniques have a high cost / performance ratio. The aspects described in the previous paragraphs show that the theoretical reasons emphasize generality and precision of the intelligent optimization techniques, while the practical reasons emphasize its applicability and implementation in problems of daily life.

4. General aspects of control in a power system
The EPS is generally deliberated so that certain variables can be modified by means of particular device. The control action is achieved by coordinating all the control devices that are connected to the system. The generalized end goal of the control system can be stated as follows:
· Protection of important parts of the equipment and the integrity of the system.
· Continuity of service with high quality.
· Safe operation of the system.
· Acceptable economic and environmental operation of the system.
· Control in emergency state.
· Restore control in the shortest possible time.

4.1 Flexible AC Transmission Systems
FACTS devices are a part of the power electronics insurgency that have been accomplished in a broad segment of electrical engineering. This variety of powerful semiconductors devices provide the possibility of working together on a concept of innovative circuits that improve the characteristics of electric power [13-14].
FACTS technology opens new opportunities to control power and improve the utilization of installed capacity in the transmission network. The use of FACTS devices allows the control corresponding to the flow of power through certain lines, to increase the power transmission capacity under normal operation and system contingency conditions.
The goal of FACTS devices to increase power transmission capacity implies that a given transmission line may be able to operate near its thermal limits, allowing a greater amount of current to flow through its serial impedance. At the same time, it must maintain the stability of the system by means of an appropriate real-time control of the power flow during and after a system failure [14]. 
However, once a large number of these devices are integrated into the system, global coordination and control to provide maximum benefits to the system and prevent undesirable interactions with the different objectives and configurations of the system, covering conditions of normal operation and contingency, present a new technology little explored. This technology must develop appropriate system control and optimization strategies, adequate communication systems and convenient security protocols. The realization of such optimized control of the system can be considered as the third target of the FACTS devices. 
In this work a modern optimization technique is applied to the coordination of stabilizers of an electrical network that includes FACTS devices, emphasizing those that provide a control of nodal voltage, with the purpose of achieving an improvement in the dynamic behaviour.

4.2 Reactive Power Compensation
Voltage and reactive power control is one of the areas of greatest attention in the development and operation of an EPS. The importance of the V-Q control comes basically from the need to satisfy the quality requirements in the electric power supply. In addition, an adequate control of reactive power and voltage permits to achieve essential advantages in the manoeuvre of the EPS for example the voltage gradients reduction, a more effective utilization of the transmission capabilities and in the escalation of the stability limits [15, 16]. The purpose of voltage control is to adjust all nodal voltages within an operating band. This makes the solution of the problem more complex, compared to the frequency control, since there is a multivariate problem. It is convenient to remember that in steady state there is a unique frequency value in the system, whereas all the nodal voltages may be different.
 
With the development of large generation projects far from the centers of consumption, as well as the use of higher voltage levels, it is essential to carry out a detailed analysis, in order to balance the reactive power, and therefore have a proper voltage control. For this analysis it is essential to understand the practical margins but also the social, environmental and economic impact that determines the use of reactive power compensation devices or the construction of new transmission lines. The reactive power balance must ideally be achieved within each region of an EPS, in each transmission subsystem and in each distribution area. However, in practice, this is not always achieved for one reason or another.

4.3 Basic Concepts of Reactive Power Flow
A fundamental aspect of the compensation and control of reactive power is its balance. The shunt capacitance of the transmission line yields reactive power proportional to the square of the voltage. Since the voltage must be kept within ± 5% of the rated voltage, the output or consumption of reactive power is relatively constant. The series inductance of the transmission line consumes reactive power proportional to the square of the current. Since the current varies from the duration of maximum demand to the duration of minimum demand, the reactive power consumption is also modified by the transmission line. Therefore, the net reactive power flux of the transmission line changes with the charge cycle. Figure 1 shows the model for transmission line, where B is the derivation susceptance.
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Figure 1: π model of a transmission line

Production of the transmission line =  (relatively constant) 
Power consumption of the transmission line =  (variable)

As the ratio  increases (high-voltage transmission systems where  is the resistance of the transmission line and  its reactance) and the power factor is modified, the effect of the reactive current is greater on the voltage change. This follows from Eq. (1) when analyzing the phasor diagram of Fig. 2 [17], where .
                                                            (1)
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Figure 2: Phasor diagram with delayed power factor

For small angular differences, the reactive power tends to circulate from the highest voltage node to the lowest voltage node, this is determined by the reactive power flux equation (2), for the transmission line shown in Fig. 3.
				     (2)
Where, 


 
 





Figure 3: Reactive flow in a transmission line

The losses in the transmission line can be calculated by means of the following expression:
					(3)
Substituting the equations of  and 
			                       (4)
The reactive losses in equation (4) roughly depend on the voltage difference squared. From the analysis of the equations of reactive flow in a transmission line can be summarized the following fundamental points:
1. The reactive flow produces a voltage drop that depends on the reactance of the transmission element.
2. Voltage difference increases the reactive power consumption at the element reactance.
3. Reactive losses have a non-linear behaviour, with increasing changes having a greater voltage difference.
4. The distribution of reactive flows at the ends of the line depends on the charging current and the consumption of reactants at the reactance of the transmission line. 
In an EPS, the controlled voltage nodes act the reactive power compensators supplying the necessary reactive, according to the variations of the demand, in such a way to maintain the specified voltage. The result of modifying the voltage generation is a change in the reactive power. Therefore, there is a reactive power exchange between generators, and as a result the voltage profile of the system is altered. The effectiveness of the change depends on reducing the reactive flow in the paths of higher impedance. 
According to the concepts presented, it can be concluded that the basic problem to avoid degradation of the voltage profile is to eliminate or reduce the reactive power flow in the system over long distances. Because this involves: greater voltage drops, complication in the control of the same and greater losses resulting from higher currents. Therefore, it implies higher costs of operation and unnecessary use of the thermal capacity of mainly transforming and conducting equipment. It is important to note that in steady state the controls keep the voltage of the controlled node at a specified value. Naturally, there is a tendency to supply the reactive power essential by the load across the lines with less impedance. Equation (5) shows that the ratio of reactive flows depends on the reactances of the branches, Fig. 4 [17].
					    (5)
Where it is considered that the voltages 
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Figure 4: Electrical power system (EPS) of 2 machines

The need for controllable sources of reactive power can be summarized fundamentally in three essential points.
1. Check the voltage at nominal values: When sudden changes in load or topology occur, it may be necessary to correct the voltage in a few cycles. For other voltage variations the correction can be made in seconds. Failure to correct voltage deviations, even if temporary, can result in damage to user equipment.
2. Adjust the voltage profile on the network: In order to avoid the circulation of reactive power and thereby reduce energy losses by making better use of the transmission and transformation equipment capacity.
3. Maintain the timing of the generators: Voltage control through controllable sources of reactive power has stabilizing effects on the EPS, in the presence of disturbances that cause the rotors to change their relative positions. Reactive sources can enhance both small signal stability and transient stability.
 
That is, the task of voltage control at transmission levels is shared by different control means and operating techniques. The control can be carried out in a discrete way by means of passive compensation equipment in shunt, for example, reactors and capacitors equipped with mechanical switches; changes in transformer leads; with operation manoeuvres, such as opening and closing transmission lines. Another alternative is by means of capacitive series compensation. However, in a continuous way, the voltage control can be carried out basically by the Automatic Voltage Regulators (AVR) of the synchronous machines, Synchronous Capacitors (SC) and by the installation of devices based on electronic power such as SVC and TCSC, which are installed at strategic points in the transmission network [13-14].
 
In planning to incorporate reactive power compensation devices into an EPS, the following points should be considered and analyzed: main device application, sizing, type and location. Responses to the above are not obvious or general. It is necessary to focus them to the particular EPS through complete studies considering different operating conditions. The analysis should include: fault studies, power flow studies, transient and small signal stability studies, transient studies and harmonic studies.

It is difficult to define an appropriate reactive compensation program to control the voltage levels of a system with long transmission lines. One of the first problems is to decide to use derivation or series compensation, or in what quantity each of them should be used [18]. There are some differences in the performance of derivation and series compensation schemes that must be recognized and studied, such as the dynamic performance and transient stability that affect the reliability of these compensating systems. Other differences include the risky sub-synchronous resonance with series capacitors, and harmonic problems associated with power electronics based devices. These factors, as well as the performance of voltage control, are taken into account in EPS planning and operation studies.
 
One way of evaluating the most suitable place for the installation of voltage control devices is by means of sensitivity coefficients [19] since these are very useful indicators in the operation of the EPS. Having a large or small coefficient gives a quantitative idea of ​​the expected change in the variables of interest. The sensitivity coefficients should be evaluated for different operating conditions, so that indexes that adequately reflect the expected behaviour are always available [20, 21].
Among the most important applications of these coefficients we can mention:
1. Evaluate the change in nodal voltage when connecting a capacitor or reactor to the system.
2. Determine changes in the range of reactive in generators by having the connection or disconnection of a reactive element.
3. Quantify the influence areas of generators by modifying the generation voltage.
4. Evaluate the effectiveness of a tap change to control the voltage of a load node.
5. Determine the reactive power losses as a result of a tap change in a transformer.
6. Calculate the change in reactive losses as a result of a change in reactive injection.

4.4 Static VAR Compensator (SVC)
Static VAR compensators are generally composed of capacitor banks and / or reactors, i.e. passive elements. With the use of power electronics and suitable control strategies an extremely fast response (1 cycle) is achieved to connect shunt elements. The connection / disconnection of capacitors is done discreetly by the control of thyristors in the driving periods. The reactor connection is carried out in a controlled manner by varying the firing angle of the thyristors, thus achieving continuous control of the reactor current.
In the transmission systems the proper characteristics of voltage control and reactive power with SVCs are usually obtained based on closed-loop control strategies [22, 23]. Making the distinction of the different hierarchies of operation, the control scheme of the SVC consists of a primary voltage regulation loop and in some compensation schemes, a secondary superimposed loop of reactive power control [24, 25]. From the analysis of the control loop, the quasi-static operational or steady-state characteristics of the EPS are determined. Also, the analysis of the closed loop transfer function establishes the stability characteristics of the control loop and its dependence on the state of operation of the EPS. The control logic is determined by a voltage controller whose simplest form is of proportional characteristic, which translates the error signal into a change signal in the compensator susceptance [23], where  is the current flowing from the terminals of the SVC to the system,  is the SVC equivalent susceptance,  is the voltage at the EPS terminals,  is the signal proportional to the magnitude of the voltage at terminals,  is the transfer function of the measuring device,  is the transfer function of the voltage controller, and  is the transfer function of the trigger control scheme in thyristors.
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Figure 5: Control scheme of an SVC using voltage feedback

From the point of view of operation, the characteristic of interest is the relation between the voltage in terminals and the current provided by the compensator, that is:
						(6)

The graphical representation of equation (6) is known as the steady-state control characteristic curve of a static compensator. Its determination is important since it defines the operation of the SVC within the linear range of control. The operating characteristic curve of the compensator is shown in Fig 6 and is a function of the two steady-state control parameters: the reference voltage , and the adjustable slope of the operating curve.  is the gain of the controller; the voltage is regulated as per this characteristic slope [26].
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Figure 6: Operating characteristic of an SVC

Two forms of voltage control can be performed according to the slope selection:
1. Rigid (flat) voltage control. In this scheme an infinite voltage regulator gain is required, implying a constant voltage at the compensator terminals for any operating condition.
2. Polarized voltage control. In this scheme the gain of the voltage regulator has a positive finite value, allowing some variation in the magnitude of the voltage around the reference value.
 
For large gain of the voltage controller, small slopes of the characteristic curve are obtained, thus increasing the speed of response of the compensator. A similar effect is achieved by decreasing the value of the controller's time constants. The second factor influencing the SVC response is the short-circuit capability of the EPS. It is important to mention that for voltage regulation studies the operating characteristic of the EPS is defined by its equivalent of Thevenin seen from the compensated node, where the impedance of the system is considered approximately equal to the short-circuit reactance [23]. The compensator response is very fast for the weakest operating conditions. That is, for a system with a shorter short-circuit capacity. Respectively an increase in the level of short circuit results in a slower response of the compensator. The slope value is determined on the basis of dynamic and steady-state studies of the EPS. Therefore, practically the stability requirements and response time of the control loop, should be determined by appropriate selection of the time constant of the voltage regulator [24, 25].
 
The characteristic curve consists of three zones or control ranges that are of interest [27, 28, 29]:
1. A linear zone of operation defined by the compensator control scheme. The voltage at the SVC terminals is regulated between its minimum and maximum operating limits  and , respectively.
2. A low voltage operating area. In this the compensator operates at its minimum control limit, thus losing its capacity as a voltage regulating element. This zone seen from the EPS indicates that the operation of the SVC is determined by the nominal capacity of its capacitive branch, with the voltage in terminals varying between 0 and , as per the need of the electrical system.
3. An overvoltage operating area. In this one the compensator operates in its maximum value of control, arising a characteristic of variation of voltage in terminals of the SVC, corresponding to the one of a fixed reactor with a nominal capacity equal to the inductive branch of the SVC.
 
In analytical form, the voltage regulating characteristic of the compensator in its nominal operating range is expressed by:
					(7)
Where  is the slope of the characteristic curve and  satisfies the constraints:
					  (8)
Where  and  represent the nominal capacitances of current injection in the capacitive and inductive branches of the compensator respectively.
According to the control of the compensator the operation of the SVC in the area of low voltage corresponds to a fixed capacitor, described by the relation:
					(9)
Where  represents the nominal capacity of the SVC capacitor branch.
In the overvoltage range the SVC operating characteristic corresponds to that of a fixed reactor of  capacity with:
				           (10)
In general, only the operation of the compensator within its nominal control range represents a desirable voltage regulation characteristic, the other two being considered as degraded modes of operation [23].
The reactive power caused by the SVC, that is the reactive power inserted at bus , is expressed as:
				   (11)
Now the equation (12) represents the linearized form of the SVC where the equivalent susceptance,  is considered as state variable:
                                    (12)
Towards the end of iteration ,  varies:
                                         (13)
This varying susceptance characterizes the overall SVC susceptance required to sustain the nodal voltage magnitude at the specific value.
4.5 Thyristor Controlled Series Compensator (TCSC)
This device is widely used for the control of flow of power in the transmission lines through a series compensation. The function of a TCSC, is to transform the impedance of the line, inserting capacitors or inductances in series with the circuit to modify the power flow. The capacitive compensation is the most used, because it helps to verify the natural inductive effects of the transmission lines.
The advantage of the TCSC over conventional stabilizers is that these latter use devices with mechanical drives, which over time and use tend to wear out and suffer breakdowns, whereas the TCSC when using static drive devices based on Thyristors do not have this problem due to mechanical stress [30].
For the modeling of a TCSC in a transmission line, the simplified model is taken from the line and in series to the line impedance, a  variable reactance is placed, representing the inductive or capacitive capacitance that the compensator has over the Line as shown in Fig7.
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Figure 7: Diagram of a transmission line compensated with a TCSC [31]

TCSC Modeling
During the steady state, the compensator can freely change between reactance values according to its control. To avoid over-compensation of the line, limits are recommended for the reactance oscillation, given by the equation (14).
			       (14)
The proposed limit vary among different research works, but a tendency of capacitive factor greater than 50% of reactance of the line and inductive factor less than 25% of the inductance of the line is maintained.
In order to be used in a power flow, the model must be in a line impedance with the built-in transformer reactance, in order to obtain the scheme shown in Fig 8, the reactance variations introduced by the compensator are expressed through the variation equation (14).
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Figure 8: TCSC Power Injection Model [31]

		   (15)
Where
				           (16)
			                     (17)
		          (18)
In function (15) it is stated that in fact there is a variation of admittances by the presence of the compensator, so that the admittances matrix will also be affected in the mean indicating (19).

 	         (19)
In terms of power flows between bars, the equations denoting power with the addition of the compensator can be written for active and reactive power flow, applying the admittance variation produced by the compensator series so that they are obtained [32, 33]:
 	         (20)
 	        (21)

5. Problem Formulation
A very large part of the power losses in the electrical networks are attributed to those of distribution. On the whole power carried by the electrical power system, the power losses are estimated at 14%. The level of these losses combined with the deregulation of the electricity marketplace has prompted the distribution companies to give serious consideration to the problem of losses in the EPS in order to increase the power transmission of the latter before thinking of invest in the construction of new lines.
For a given line configuration and given that the demand for active power is incompressible, the reduction of voltage drops and that of power losses can only be achieved by reducing the transit of the reactive component. For this purpose reactive energy compensation is optional i.e. the shunt capacitor. However, it is not enough to place the capacitors to say that the problem posed (circulation of strong reactive currents) is solved.
The optimization of the reactive energy compensation is to be understood as the choice of the capacitor bank capacitances, their locations and even the time they will remain in line if it is an adaptive compensation. Of course, these choices have to be made so that there is the least power loss in line and an improvement in the voltage profile while having a positive economic return. The choices of the objective function are dictated by the concern to take into account both the electrical and economic aspects of the problem.
This paper proposes a system for reduction of power loss using localization and sizing of FACT device. The objective function is modelled as follows:

                                     (22)
Where, =Active power loss, =Reactive power loss,  =location, =size of device

6. Newton-Raphson Technique for Load Flow Analysis
Let us assume that:
				                     (23)
				  	     (24)
					  (25)
The variation of the active power is less sensitive to the variation of the voltage V. Then again, it is more sensitive to that of phase. On the other hand, the variation of the reactive power is more sensitive to the variation of the voltage V, and is less sensitive to that of phase. The elements of JACOBIEN  are calculated [34] [35]:
			       (26)
Where,  then =0.0
Now, we calculate the elements of JACOBIEN :
		           (27)
Where,  then = 0.0
Consequently, the sub-matrices of the JACOBIEN  and  are null.
		      (28)
The elements of JACOBIEN are calculated:
				   			(29)


(30)
Where,
				   (31)
And
		       		   (32)
,     and  so    
Now we calculate 
		                (33)
Since , therefore,
			             (34)
Where,, 
					       (35)
The elements of Jacobien are calculated:
				    		       (36)
.	                 (37)
.		(38)
.			        (39)
Where  
 ,   And   
.. 			(40)
Since , therefore,  
..			                 (41)
Where, .,  
The individual power change equations in  and  are:
	                      (41)
		(42)
	                   (43)
		        (44)
The fast decoupled method FDL performs the same execution times as that of Newton-Raphson for very small networks. However, it becomes faster for more and the usual tolerances.

7. Optimal Location using Grey Wolf Optimization
The location and sizing of FACT device for any specific bus system is optimized by Grey Wolf Optimization (GWO) [36]. The objective function is minimized using the abovementioned technique. 
The GWO algorithm simulates the natural behaviour of a mob of wolves to hunt its prey. Within the wolves different categories are distinguished as in a more forceful way in the search space. The pseudo-code is presented in GWO Algorithm. At the end of the execution, the best individual is going to be starts with a value of 2 and decrementing along the evaluations until they reach 0. They help the candidate solutions, moving them in the search space. The key to the algorithm is found in the function updateposition(..) (See line no.8 of GWO Algorithm) which is defined as [36]:
					           (45)
Where each ,  and  is obtained as follows:

         (46)
To determine ,  and , used in equation (46), the following formulas are used:
              (47)
In this work, the algorithm initially raised for real numbers in Boolean values has been converted. To accomplish this purpose, we have discretized the result return 1, otherwise return 0.
7.1 GWO Algorithm
1. generate (X) / / Initialize the population of grey wolves
2. initialize Parameter (a, A, C);
3. evaluate X (0);
4. select new (Alpha, Beta, Delta, X (0));
5. for e = 1 to EVALMAX to do
6.    for every Wolf l in Omega do
7.         for i = 0 to DIM do
8.             updatePosition (l, i); // Update current position
9.         end for
10.       adjust parameters (a, A, c); // adjust the algorithm parameters
11.       evaluate X (e + 1);
12.       select new (Alpha, Beta, Delta, X (e + 1));
13.       e = e + 1;
14.   end for
15. end for
8. Simulation And Results
8.1 Results for IEEE-30 Bus Systems 

[image: ]
Figure 9: Comparative analysis for active power loss and reactive power loss in IEEE-30 bus system with SVC-GWO
From figure 9 it can be depicted that before applying SVC the power losses in IEEE 30 bus system were 17.84 MW and 69.23 MVAr which was reduced to 16.882 MW and 67.60 MVAr after allocating the SVC using Grey Wolf Optimization. Figure 10 shows the number of iterations required to get the fitness value of the function in GWO.

[image: ]

Figure 10: GWO iteration graph
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Figure 11: Comparative analysis for active power loss and reactive power loss in IEEE-30 bus system with TCSC-GWO
Figure 11 shows that the power losses in the system are 17.48 MW and 69.2327 MVAr before the application of TCSC which are reduced to 9.475MW and 30.7576 MVAr after TCSC were allocated using GWO. There is a significance percentage reduction in power losses (45% reduction in active power loss  & 55% reduction in reactive power losses  ). Figure 12 shows only 20 iterations were required by GWO for calculating the fitness value for the objective function. 
[image: ]

Figure 12: GWO iteration graph

8.2 Results for IEEE-57 Bus Systems 

[image: ]
Figure 13: Comparative analysis for active power loss and reactive power loss in IEEE-57 bus system with SVC-GWO
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Figure 14: GWO iteration graph
Figure 13 shows the comparative results of application of SVC in standard IEEE 57 bus system. From the figure it can be concluded that with the allocation of SVC with GWO active power loss reduces from 27.937MW to 27.075 MW while reactive power losses were reduced from 128.7739 MVAr to 127.4094 MVAr. Figure 14 shows that the GWO took less then 15 iteration to allocate the SVC and to get best fitness value of the objective considered. 
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Figure 15: Comparative analysis for active power loss and reactive power loss in IEEE-57 bus system with TCSC-GWO
Figure 15 compares the losses when applying FACTS (TCSC) and before its application. We can see that before applying TCSC the active and reactive power losses are 27.7397 MW and 128.7739 MVAr respectively. The same has been reduced to 27.6812 MW and 121.0877 MVAr respectively. Figure 16 gives the detailing about the number of iteration required for getting best value of fitness function applying GWO. Here number of iteration required are about 120.
[image: ]
Figure 16: GWO iteration graph

Table 1: Comparison of active power loss and reactive power loss in IEEE-30 bus system

	Method
	Active Power Loss
	Reactive Power Loss

	No SVC
	17.4872
	69.2327

	SVC-GWO
	16.8822
	67.6053

	TCSC-GWO
	9.4758
	30.7576



Table 2: Comparison of active power loss and reactive power loss in IEEE-57 bus system

	Method
	Active Power Loss
	Reactive Power Loss

	No SVC
	27.7397
	128.7739

	SVC-GWO
	27.0759
	127.4094

	TCSC-GWO
	27.6812
	121.0887


[bookmark: _GoBack]Table number 1 shows the comparison of active and reactive power losses in IEEE 30 bus system when no FACTS device is applied, with the application of GWO allocated SVC and with GWO allocated TCSC. Similarly, table number 2 details the comparison of active and reactive power losses in IEEE 57 bus system when no FACTS device is applied, with the application of GWO allocated SVC and with GWO allocated TCSC

9. Conclusion
This paper presented a novel approach for optimizing the compensation of reactive energy in distribution networks. In the latter and contrary to all the authors having treated this problem, we included in the objective function the reduction of the reactive losses of the power. Indeed, when capacitors are placed, the reactive components of the branch currents are reduced due to the prompt supply of reactive power and the active components of these currents also decrease due to the improvement of the voltage where not only a reduction of the active power losses but also a reduction of the reactive power losses.
The method that we have presented in this paper, classified among the heuristic methods, is carried out in two steps which are the result of a tenfold increase in the problem of the locations of the sizes. In the search for the powers of the capacitor banks, it has been shown that in the case of some authors, the stress on the voltage has been violated and therefore in the last n would not have to lead to a solution.
Furthermore, the Newton-Raphson technique is used for load flow analysis. Grey Wolf Optimization is utilized for the optimization of sizing and location of FACT device (SVC and TCSC) for IEEE-30 and IEEE-57 bus test systems. Simulation results show that the proposed GWO based method reduces the power loss in both of the devices. 
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