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Abstract:  This research employs Differential Evolution (DE) to find the optimal feasible placement and control of Flexible AC 

Transmission System (FACTS) devices in an effort to achieve Security Constrained Optimal Power Flow (SCOPF) in a deregulated 

energy market. SCOPF is an acronym that stands for Security-Constrained Optimal Power Flow. In this method, the AC load flow 

equations are modified to include constraints on power system generation, transmission line flow, bus voltage magnitude, and FACTS 

device settings. Two different kinds of FACTS devices, referred to as thyristor-controlled series compensators (TCSC) and static VAR 

compensators (SVC), are utilised in the suggested method. In order to accurately represent the bilateral exchanges, secured bilateral 

transaction matrices with the AC distribution factor and the slack bus contribution are utilised. The cost of installing FACTS devices 

under typical conditions of operation was factored into the calculation of SCOPF in this body of work. The simulation of an IEEE 6 bus 

system is used to test and validate the proposed method. An investigation is carried out into the economic and security implications that 

FACTS devices may have on bilateral transactions within a deregulated electrical grid. According to the findings, the active power 

production cost as well as the installation cost of FACTS devices can be decreased by determining the suitable position and control of 

these devices using the DE algorithm. This can also reduce the cost of bidding on the active power generated. Because SVC provides 

lower bids for active power generation and cheaper installation costs than TCSC does, it is the FACTS device that provides the most 

value for the money. 

 

Keywords - FACTS,Deregulated market system,Security Constrained Optimal Power Flow,Bilateral Exchange. 

 

I. INTRODUCTION 

  Since the population has been growing at an alarming rate over the past few years, electric utilities have been forced to 

maintain the integrity of their systems while also increasing the amount of power that is delivered through their networks [1]. As 

more people use electricity, the sector is shifting towards a deregulated structure in order to better serve the requirements of 

consumers. Pool, bilateral, and hybrid power systems are the three primary categories that fall under the category of deregulated 

power systems [2]. Examining SCOPF through the lens of a bilateral model of a deregulated electricity system is the focus of this 

paper. Transactions in a bilateral model are carried out directly between the two parties involved in the transaction. Customers 

and providers of electricity will be allowed to sign a wide variety of bilateral service contracts thanks to the deregulation of the 

industry [3]. When modelling bilateral transactions, secured bilateral transaction matrices that use AC distribution components 

with slack bus contribution are used [4, 5]. Synchronous generators are responsible for providing the reactive power for the pure 

bilateral arrangement with the reactive power.In the context of the operation of the electricity system, mixed physical bilateral 

transactions and pool-supplied demand, with varied degrees of combined pool-bilateral coordination, are being examined [6]. 
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 Increasing system performance by striking a balance between safety and efficiency is the goal of the Security Constrained 

Optimal Power Flow (SCOPF) methodology. The SCOPF is a particular instance of the OPF that takes into account restrictions 

brought about by the functioning of the system in accordance with a predetermined group of assumptions. The SCOPF problem 

has both continuous and discrete variables, which transforms it into a nonlinear, non-convex, huge optimisation problem [7, 8]. 

 In order to solve this problem, either the existing transmission lines need to be utilised more effectively or new lines need 

to be installed. Both options are necessary. Because the expansion of the power transmission network is restricted by concerns 

about environmental right-of-way and expense, it is necessary to make more efficient use of the resources that are already 

available in the electrical grid. As a result of recent advancements in power electronics [9, 10], there has been a significant uptick 

in interest in Flexible AC Transmission Systems (FACTS) devices that can be utilised in transmission systems. 

 SCOPF with FACTS tools, employing both time-honoured methods and modern computational procedures. A sensitivity-

based technique was devised to position the thyristor-controlled series compensator (TCSC) and the unified power flow controller 

(UPFC) [11], taking into consideration the system's voltage and angle sensitivities in relation to variations in the load. 

Continuation Power Flow (CPF) was utilised to assist in the sizing and positioning of the series compensators for the purpose of 

improving the overall system reliability and safety. The research identifies the optimal locations for series and shunt 

compensators and finds the values that are best suited to describe their parameters [12]. Using population-based computational 

intelligence methodologies like the Genetic Algorithm (GA), Evolutionary Programming (EP), and Particle Swarm Optimisation 

(PSO), the optimal location of FACTS devices was figured out. EP was created to achieve optimal placement of multi-type 

FACTS devices in order to optimise the overall transfer capability while simultaneously limiting the total system power loss [13]. 

This was done in order to improve upon the findings that were obtained by using the loss sensitivity index technique. PSO [14] 

determined the optimal placement for single-type and multi-type FACTS devices in order to improve the system's overall level of 

safety. DE is the easiest algorithm to use, the most trustworthy, and the one that is effective most consistently when compared to 

other algorithms that are used to tackle optimisation problems [15]. This research makes use of DE to determine where these 

components should be located and how their parameters should be created in order to secure optimal power flow in a bilateral 

model of a deregulated power system. This is done in order to obtain a secure, optimal power flow. This task is completed in two 

stages. The first thing that has to be done is to compile a safe bilateral transaction matrix that deviates from the specified matrix as 

little as is humanly practicable. After determining that the equality and inequality conditions are satisfied, the second step is to 

select the most suitable location for the TCSC and SVC in order to bring down the cost of active power generation and the cost of 

installing the FACTS devices. On an IEEE 6 bus system, simulations are executed, and the resulting data is reviewed in order to 

validate the claimed level of performance. 

II.OBJECTIVE 

A.To enhance Power Quality 

B.To achieve Security Constrained optimal power flow in a deregulated power system 

C.To reduce cost of installation of Flexible Alternating Current Transmission System 

 

CIII. LITERATURE SURVEY 

 A highly doped NBL layer can be put in the junction of the N-epi and P-sub layers in order to further reduce the substrate 

leakage current when the device is operating in conduction mode. [16] Because the HV JFET is a majority carrier device, the 

equivalent reverse recovery feature of the bootstrap diode emulator is also competitive, and its implementation is qualitatively 

investigated. This is because the HV JFET is a majority carrier device. 

 The primary [17] contribution made by this research is a pair of tighter achievable and converse bounds for D2D coded 

caching. These bounds continue to be valid even in the presence of colluding users, which means that some users exchange 

cached contents and demand file indices. To begin, we recommend a D2D private caching technique, the primary component of 

which is the use of fake users to "hide" the actual users' needs from the system. This allows the system to more efficiently meet 

those needs. By comparing the feasible D2D private load with an existing converse bound for the shared-link model without 

demand privacy restriction, it is shown that the recommended technique is order-optimal, with the exception of the very low 

memory capacity regime when there are more files than users. This is the only regime in which the order optimality of the offered 
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approach cannot be shown. Second, a new achievable scheme and a new converse bound under the constraint of uncoded cache 

placement are developed for the case of two users and shown to be within a constant factor of one another for all system 

parameters. This sheds light on the open parameter regime. By introducing a cut-set type parameter, the converse bound that was 

designed for two users may be generalised to work for any number of users. This new converse binding demonstrates that the 

virtual user's technique is optimal across the board for all parameter regimes by utilising the limitations of uncoded cache 

placement and user cooperation as stipulations. As a consequence of this, the failure of the device in HV-TFTs is caused by the 

breakdown of the dielectric close to the end of the gated channel. This is in contrast to the failure of traditional TFTs, which is 

caused by the destruction of the semiconductor close to the drain. This research elucidates the reasons why HV-TFTs fail and 

proposes a practical design strategy for reaching a happy medium between the breakdown voltages of HV-TFTs and their on-

currents. [18] Specifically, this research focuses on achieving a balance between the two. The capacity of a flexible alternating 

current transmission system (in this example, a static synchronous series compensator) to reduce grid current changes and, as a 

result, flicker is the primary subject of this body of research material. When there is a change in the wind speed, there is also a 

change in the mechanical torque, which has an influence on the grid current that is monitored by the static synchronous series 

compensator. The grid-connected technology has been subjected to a meticulous case-by-case analysis, during which both low 

and high wind speeds were taken into consideration. There have been instances in which the static synchronous series 

compensator has been utilised for the series voltage injection of both inductive and capacitive types. We are able to demonstrate, 

with the help of MATLAB and Simulink, that the proposed approach effectively lessens flicker by utilising a static synchronous 

series compensator for inductive series voltage injection. A method for real-time CM of semiconductors in modular multilevel 

converters (MMCs) is presented here. This method makes use of a hierarchy of cascading H-bridge modules. In order to ascertain 

whether or not a transition has taken place, the CM algorithm relies on monitoring the on-resistance of semiconductors over the 

course of time. [19] Using the method that was recommended, it was proved that successful curve tracing of semiconductors in 

MMCs is possible, with the semiconductor junction maintaining a temperature that can be easily detected despite enduring minute 

fluctuations. An estimate of the on-state resistance value can be derived using the observed arm current and the measured on-state 

voltage drop of the semiconductors as inputs. This yields an approximation of the on-state resistance value. One can differentiate 

the effects of those brought on by ageing from those brought on by variations in temperature if readings of the on-state resistance 

are taken at temperatures that are under control. 

 In order to solve the many-to-many CP-CR pairing problem, which is based on the proposed contract-based incentive 

mechanism, we also present a matching technique with polynomial complexity as a solution. The outcomes of the simulations 

provide evidence that our suggested method is effective in enticing user devices to take part in D2D computation offloading and 

in selecting the most suitable CPs to carry out the computation jobs for related CRs. This is demonstrated by the fact that we were 

able to select the most suitable CPs [20]. 

 This [21] presents an in-depth study on self-heating effects, sometimes known as SHEs, in tree-FET devices operating at 

5nm technology nodes. According to a comparison with the Nanosheet FET (NSFET), the Tree-FET, which consists of three 

channels and two bridges, is more analogous to a five-channel NSFET than it is to a three-channel NSFET. Evaluation of tree-

FETs for use in future technological nodes based solely on the factor of rising ON current, as shown by a comprehensive physics-

based analysis, is insufficient, as the study reveals. To demonstrate that Tree-FET is more dependable than competing 

technologies under self-heating conditions, which is of utmost relevance at lower technological nodes, numerical simulations are 

employed. 

  In light of these factors [22], the research presented here presents a device detection and identification architecture (DDI) 

that may be used for simultaneous identification of audio-visual (AUD) and Internet of Things (IoT) devices by making use of 

received overlay signals. The recovered Fourier patterns are used as the representative feature vector in the design. This was done 

so that the detecting and identifying process may be improved. Trials have shown that not only does the architecture have a lower 

computing complexity than standard schemes and techniques based on deep neural networks, but it also has a higher success 

probability for the AUD problem. This was discovered by analysing the results of the trials. An evaluation of the DDI architecture 

for IoT device identification tasks was carried out, and it was compared to a number of different shallow learning techniques in 

order to illustrate its utility even further.  
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 The [23] of this article makes a suggestion for a remedy that relies on the development and use of a portable monitor for the 

patient's breathing rate. This programme will monitor this biometric variable and inform users when it goes outside of healthy 

parameters. At this point, a spirometry test may be necessary in order to discover the condition in its earlier stages, when it is 

most curable. In order to incorporate this instrumentation system, the framework of a pair of glasses will be altered so that the 

sensor can sit on the nasal platelets. This will allow the device to be worn. 

 [24] We use a well-orchestrated data augmentation technique to automatically construct adequate AATCs for different 

positions using a small quantity of obtained data in order to account for the differences in AATCs observed from different relative 

locations. This allows us to account for the variances in AATCs measured from different relative positions. Next, AATCs are 

utilised in the training process for the liquid detection model. We conduct exhaustive research on a significant number of high-

profile instances of liquid fraud, and the results of our investigations demonstrate that we have an accuracy ranging from 92% to 

97% when it comes to spotting the scam [25]. 

IV. SIMULATION OF DATA ELEMENTS 

A. TCSC MODELLING 

 A thyristor-controlled series compensating capacitor, also known as a thyristor-controlled shunt capacitor (TCSC), is one 

that is bypassed by a thyristor-controlled reactor. It is modelled as a tunable reactance that is linked in series with the transmission 

line to regulate the impedance of the line and, as a result, the power flow in order to make the network safer. This is done in order 

to increase the network's overall safety. 

                                                            

 

B. MODELLING OF SVC 

 As can be seen in Figure 2 [26], SVC is depicted as a shunt-connected static VAR generator or absorber that goes by the 

name QSVC. The output of this device has its value adjusted so that it can switch between capacitive and inductive compensation. 

 

 

C. THE CONSTRUCTION OF A GRID FOR SECURE BILATERAL TRANSACTIONS  

 A model of a lossless bilateral contract can be developed by treating the contracts as independent variables and the system 

security restrictions as fixed ones [9]. This will allow for the creation of the model. Some of the characteristics that are built into 

this transaction matrix are column rules, row rules, range rules, and flow rules [8, 9]. It is only possible to have trustworthy 

bilateral transactions between buyers and sellers if the transaction matrix satisfies all of its essential properties. Customers in a 

deregulated power system that uses a bilateral model have the ability to negotiate pricing and terms of service directly with 
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generators in order to secure the most favourable terms and rates. This concept is sometimes referred to as the direct access 

model. This is illustrated in Figure 3. 

 

Fig.3. Bilateral Model of Deregulated Power System 

 

V. RESULT AND DISCUSSIONS 

 Platforms for equipment and diagnostic testing MATLAB 2021a was used to write the DE code, and a modified version of 

MATLAB's power simulation tool, MATPOWER 4.0b4, was used to solve the SCOPF problem [27]. Validation of DE 

algorithms has been accomplished through the use of the IEEE's 6-bus test system. In TABLE I, we present an overview of the 

initial parameter configurations that are utilised by both the PSO and DE algorithms. The simulations are carried out using a 

computer that features a 2.66 GHz Intel i3 CPU and 4 gigabytes of random access memory (RAM). 

 Infrastructure for testing on the IEEE 6-bus The IEEE 6 bus system includes three generators, three power supplies, eleven 

transmission lines, and six buses in total. On a scale of one hundred MVA, the information regarding the system can be found. 

For the baseline scenario, we require 210 megawatts of actual power and 210 megavolt-ampere-seconds of reactive power. 

 The suggested bilateral transaction matrix is presented in Table II, and the secured bilateral transaction matrix is produced 

from the outcomes of the bilateral model and presented in Table III. Both matrices can be found at the same location. 

 It was determined whether or not optimal placement of FACTS devices had any impact on any of the four different scenarios. 

 The SCOPF Ignoring Facts and Line Boundaries Is a First Example of This. 

 SCOPF deciding to use line restrictions rather than facts 

 The SCOPF and TCSC Have a Conversation About the Line Boundaries 

 Taking into consideration the line limits for SCOPF   

  

Parameters Value

s 

Population Size 20 

Number of 

iterations 

200 

Number of 

variables 

2 

Scaling Factor 0.8 

Crossover Ratio 0.8 

Convergence 

criteria 
10-6 

 

Value of transaction between generator and load bus 

(p.u) 

T(1,4)=0

.2 

T(1,5)=0

.4 

T(2,4)=0

.4 

T(3,4)=0

.1 

T(3,5)=0

.3 

T(3,6)=0

.7 
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Value of transaction between generator and load 

bus (p.u) 

T(1,4)=0.1 T(1,5)=0

.4 

T(2,4)=0.1 

T(3,4)=0.1 T(3,5)=0

.3 

T(3,6)=0.2 

 

Generator Number Bidding Cost 
1 11 ($/Mwhr) 
2 15 ($/Mwhr) 
3 12 ($/Mwhr) 

 

 Case 1 Case 2 Case 3 Case 4 

Pg1 107.87 MW 60 MW 60 MW 60 MW 

Pg2 50 MW 40.MW 40 MW 40 MW 

Pg3 60MW 110MW 110 MW 40 MW 

 

 Case 1 Case 2 Case 3 Case 4 

Qg1 55.79 
MVAR 

15.95 
MVAR 

55.37 
MVAR 

79.84 
MVAR 

Qg2 46.21 
MVAR 

74.35 
MVAR 

43.71 
MVAR 

89.57 
MVAR 

Qg3 77.22 
MVAR 

89.62 
MVAR 

79.26 
MVAR 

100 
MVAR 

 

 ESTIMATES OF THE COST OF AN IEEE 6-BUS SYSTEM   

  Table V contains the result of adding up three different measurements that represent the generators' real power output. 

According to the table, the actual amount of power generated by each of the three generators is within acceptable parameters.  

Figures relating to reactive power generation. According to the data, reactive power generation satisfies all of the limitations at all 

of the generators. Both the real power and the reactive power graphs are displayed down below. 

  The information that can be found in Table VII includes the cost of active power generation and the cost of installing 

FACTS devices, as well as the location of TCSC and SVC and the parameter values for both. The bid price is used to calculate 

the cost of generating active power, and this information may be found in Table IV. According to the findings of the DE 

algorithm, line 9 (3-6) is the best location for the TCSC since it has the lowest cost of active power generation at 2372.56 dollars 

per hour. Table VII contains this information for your perusal. In addition, the DE algorithm has identified the best configuration 

for the parameters of the TCSC, which has led to the production of active power at the lowest feasible cost. It indicates that DE 

can be achieved with benefits such as shorter calculation time and cheaper active power production if TCSC is placed in the best 

feasible location and its settings are adjusted. The proposed method has identified the optimal location for an SVC as well as the 

optimal way to provide the parameters of this component. By locating SVC in the optimal location (bus 5), we were able to 

reduce the cost of actively generating power from 2372.56 dollars per hour to 2370.25 dollars per hour. A comparison of the costs 

of active power generation, the installation of the FACTS device, and the overall cost. 

  By relocating TCSC to lines 3-6 with the acquired parameter setting, line 2-4 loading is decreased to 98.23%, as shown in 

Table VIII. Furthermore, by relocating SVC to bus line 5, line 2-4 loading is reduced to 84.48%. 
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VI. CONCLUSIONS 

 When it comes to the deregulated electricity market, there are a variety of approaches that can be utilised to handle power 

transmission network challenges without expanding the network itself due to concerns around the expense of environmental 

rights-of-way and cost. Normal operations and emergency operations both benefit from an increase in safety when a power 

system is equipped with TCSC and SVC devices. It is essential to their effectiveness that TCSC and SVC devices be placed in the 

appropriate locations. In this paper, the DE method was used to establish the ideal positions for the TCSC and SVC in relation to 

the SCOPF issue. The criterion for optimisation takes into account the cost of active power generation in addition to the cost of 

the TCSC and SVC installations. Throughout the simulations, the IEEE 694 bus test system was utilised. In light of the findings, 

it is abundantly obvious that DE is the best algorithm for solving the SCOPF problem posed by the optimal placement of FACTS 

devices in the transmission system under the Bilateral Model of the deregulated energy market. This problem was posed by the 

optimal deployment of FACTS devices in the transmission system. When compared to the other FACTS device that is used, the 

SVC has both reduced active power generation costs as well as lower installation expenses. In conclusion, DE with SVC offers 

higher performance when used to solve the SCOPF problem of optimally deploying FACTS devices in the transmission system in 

the bilateral model of a deregulated power system with FACTS devices utilising a computational intelligence algorithm. This 

problem arises in the context of the bilateral model of a deregulated power system with FACTS devices. 

 

VII.SCOPE OF WORK 

In future the problem of Security Constrained Optimal power flow can further be analysed and solved using other intelligent 

methods using Particle Swarm optimisation  and Combination of Artifical Neural network and Fuzzy logic Technology as 

ANFIS.Further cost of optimsation of location of FACTS controller can be achieved using testing other IEEE buses and sampling 

the data. 
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