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ABSTRACT 

 Everyone requires uninterruptible, dependable power, and the power system must be able 

to handle the complexity that comes with so many people using power at once in modern times. 

The performance of the system can be improved in a variety of ways, including the use of flexible 

AC transmission system (FACTS) devices. FACTS controllers are power electronics-based 

controllers. This can be accomplished through series or shunt compensation. They either add or 

remove reactive power from the power system in response to changes in electricity demand. 

That’s why; flexible AC transmission system (FACTS) has been incorporated into the power 

system to increase the flexibility of power grids. A shunt type of FACTS controller, also known 

as Static Var Compensator (SVC), is investigated in this study to improve system stability and 

reduce the amount of loss that occurs in a nine-bus power system. A Thyristor Controlled Reactor 

(TCR), a Thyristor Switched Capacitor (TSC), a fixed capacitor coupled in parallel to the line, 

and filter components to reduce harmonics in the alternating current comprises the synchronous 

voltage conditioner (SVC). Voltage stability and loss reduction are investigated in terms of 

voltage variation as well as overall real and reactive power losses on each bus where the SVC is 

installed. This analysis determines whether SVC met its objectives. The load flow of a non-

compensated system was then investigated. Finally, a load flow investigation was performed on 

a system that SVC compensated for by relocating the SVC installation from bus 1 to bus 9. 

Analyzing load flow data, voltage magnitude variation, and total losses can help determine the 

best location for the SVC. This aids in locating the SVC. This study contributes to achieving this 

goal. At every stage of the process, MATLAB/SIMULINK was used extensively in the 

performance study. 
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CHAPTER 1 

 
INTRODUCTION 

1.1  Background   

  Electricity is used by people to run appliances, computers, electronics, machinery, and 

public transit systems as well as for lighting, heating, cooling, and refrigeration. It is estimated 

that more than 87% peoples have excess to the electricity across the globe. In some countries, 

like Saudi Arabia, electricity companies are owned and operated by governments, whereas in 

others, like the United States, electricity companies are owned and operated by a variety of 

different companies and organizations. As a result, the government must establish requirements, 

plans, and regulations to ensure that all consumers’ needs are met as well as to maintain the 

country's grids' dependability and safety [1].  

 Regional Transmission Organizations (RTOs) provide power in the United States. 

Similarly, Southwest Power Pool (SPP) oversees the central United States' wholesale power 

market and electric system, while the Federal Energy Regulatory Commission (non-profit 

corporation) has given the duty as a regional transmission organization to guarantee consistent 

power supplies, adequate transmission facilities, and competitive wholesale electricity pricing 

[2]. 

 The SPP region is located in the central Southern United States, within the Eastern 

Interconnection, and serves all of Kansas and Oklahoma, as well as portions of New Mexico, 

Texas, Arkansas, Lowa, Louisiana, Minnesota, Missouri, Montana, Nebraska, North Dakota, 

South Dakota, and Wyoming. Its footprint spans nearly 575,000 square miles and includes more 

than 800 generating plants, nearly 5,000 substations, and approximately 70,000 miles of high-
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voltage transmission lines in all or parts of 14 states in the Central United States. The service 

territory area of Southwest Power Pool (SPP)can be shown as figure below [3] [4].  

 

Figure 1.1: Southwest Power Pool (SPP) service territory 

 Similarly, the jurisdiction area of Southwest Power Pool (SPP), state wise in Central 

United States can be shown as figure below [5].  

Figure 1.2: Jurisdiction of Southwest Power Pool (SPP) in Central United States 
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 While the length of transmission lines by Southwest Power Pool (SPP) can be shown in 

the figure below as follow [5].  

Figure 1.3: Length of transmission lines by Southwest Power Pool (SPP) 

1.2  Inspiration  

 Solar energy has increased significantly in the United States, particularly in California, but 

not significantly when compared to other energy sources. However, the EIA claims that it will 

increase to more than 50% by 2050. SPP areas, such as Kansas, have a lot of sunlight available 

throughout the year, so investing in a solar PV system can help to improve power quality and 

lower power costs [6, 7, 8, 9].  
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Figure 1.4: Annual US electricity capacity and generation [10] 

 

 

Figure 1.5: US renewable energy prediction [11] 
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Figure 1.6: Energy production by fuel type [12] 

1.3  Objective  

 The most critical component is the efficient transmission of electrical power from one 

station to another at the lowest possible cost of consumption. This should be completed as quickly 

as possible and ancillary services are those required to support the transmission. 

 It is also critical to keep the frequency of the system close to 60 Hertz throughout the 

system. Every generator in a large power grid must spin at the same rate or the system will 

become unstable. Offering frequency regulation to the grid operator in most electricity markets 

indicates that the generator is willing to increase or decrease output (known as "regulation up" 

and "regulation down") 
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Figure 1.8: Frequency regulation 

 Regulation up (RegUp) and down (RegDown) are ancillary services used to keep 

frequency stable. They are sometimes combined into a single regulatory product. If the load rises 

while the generation remains constant, the frequency will fall. To keep frequency tolerances tight, 

generation must be constantly dithered so that load and generation are equal. To track the load, 

a balancing authority or a vertically integrated utility will control generation on a second-by-

second basis, depending on the market.  

 

Figure 1.9: Power supply match 
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   The balancing authority must set aside enough regulation capacity to accommodate 

expected load variations. The ability to provide additional generation on command is referred to 

as regulation up. The ability to reduce generation or store power on demand is referred to as 

regulation down. 

 Follow given below is the objective of this research.  

 Day-Ahead Regulation-Up Service Amount 

1) A Day Ahead Market credit or charge for cleared Regulation-Up Service will be calculated 

at each Settlement Location for each Asset Owner for each hour. The amount will be 

calculated as follows:  

#DaRegUpHrlyAmt , , = 𝐷𝑎𝑅𝑒𝑔𝑈𝑝𝑀𝑐𝑝𝐻𝑟𝑙𝑦𝑃𝑟𝑐 , ∗ Da𝑅𝑒𝑔𝑈𝑝𝐻𝑟𝑙𝑦𝑄𝑡𝑦 , , , ∗ (−1

:

 

2) For each Asset Owner, a daily amount is calculated at each settlement location. The daily 

amount is calculated as follows 

DaRegUpDlyAmt , , = 𝐷𝑎𝑅𝑒𝑔𝑈𝑝𝐻𝑟𝑙𝑦𝐴𝑚𝑡 , ,  

 A day in advance, assurance that system operators have adequate resources available in 

real-time. 

 

Figure 1.7: Day Ahead market   
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1.4  Problem Statement    

 The existing electrical infrastructure across the country, especially in Central United States 

is becoming more challenging day by day. The most critical component is the transmission of 

electrical power from one station to another to the greatest possible extent while maintaining the 

lowest possible cost of consumption. This should be done as efficiently as possible. There is less 

regulation efficiency because of hour-by-hour analysis and has only one load calculation. 

Further, there are more fluctuations in the grid and slow analysis for regulations data.  

 Ancillary services are those required to support the transmission of electricity from 

generators to consumers, given the obligations of control areas and transmission utilities within 

those control areas to maintain the interconnected transmission system's reliability.  

 

Figure 1.10: Ancillary services for transmission lines  

1.5  Contribution to the Field  

 The power transmission system has begun adopting flexible AC transmission system 

(FACTS) devices. This development was made possible by recent advancements in technology 

to solve the problem in the existing power system. 
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 The FACTS system is built on a foundation of power electronics, the controllers that make 

up the system. These controllers may have a shunt connection, a series connection, or both types 

of connections; as an alternative, they may have a connection that combines the two types of 

connections. Combined series-shunt types are referred to as unified power flow controller 

(UPFC). In contrast, combined series-series types are referred as integrated power flow controller 

(IPFC). The static var compensator (SVC) and the static synchronous compensator 

(STATCOM), both are examples of shunt-connected types. 

 The types that are connected in series include the static synchronous series compensator 

(SSSC), the thyristor-controlled series capacitor (TCSC), the thyristor switched series resistor 

(TSSR), and combinations of series-shunt types and series-series types i.e., interline power flow 

controller. The load flow study provides a visual description of the electrical system’s overall 

performance and the total power flow (P & Q) in steady state by recording a variety of system 

circumstances. This allows for an accurate representation of the system’s capabilities. The 

efficiency with which the system is running can be gleaned from this. In addition, it offers a 

comprehensive analysis of the system losses and voltage at various electrical buses, as well as 

the losses incurred by the line and the transformer.  

 It is essential to lay a major emphasis on the following characteristics while conducting a 

study of load flow: voltage, active power, reactive power, and load angle. Any two of the 

aforementioned values are always known for a particular type of bus in the system. The 

remaining two parameters are discovered by applying one of the many different strategies 

available for load flow analysis. These methods include the following: The table that may be 

found below explains each of the settings. It is possible to divide the buses that make up a system 

into one of the following groups, depending on the system type:  
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1) Connect to either the load bus or the PQ bus. 

2) The bus for the generator or the bus for the photovoltaics, whichever is appropriate.  

3) It can take the slack or swing bus to destination. Before beginning the analysis of the load 

flow in a certain power system, it is vital to consider the slack bus present in that system 

because it is a variable that might impact how the load is distributed.  

 This is necessary to accurately account for the transmission losses across the networks 

numerous nodes and segments. The network comprises many different segments and nodes. Since 

it gives greater precision and accomplishes a faster convergence of the result with a smaller total 

number of iterations; the second strategy (N-R) is, in most circumstances, the one that is selected 

because it can be found to be the one that is favored. An electrical system that is made up of nine 

buses is analyzed in this piece using a shunt-connected controller that goes by the name static var 

compensator (SVC). The analysis aims to improve voltage stability, reduce loss, and conduct a 

load flow study.  

 This research aims to compare and analyze the load flow of an uncompensated nine-bus 

system versus an SVC-compensated system in terms of voltage stability and loss minimization 

for optimal allocation of SVC. This is done so that the most efficient utilization of SVC may be 

determined for each system. It will reduce congestion, will do better integration and the ability 

to deliver power to improve the regulation system.  
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CHAPTER II 

LITERATURE REVIEW 

 
 Numerous methodologies are effective for demonstrating stability studies and load flow 

evaluations of power systems, and these approaches have been demonstrated. It is important in 

order to investigate system performance, improve system stability, and guarantee that the system 

is operating as close to optimally as it possibly can while adhering to the limits that have been 

specified. In the positioning of FACTS controllers to minimize power system contingencies, the 

appropriate sizing of those controllers is discussed and, also examines the suitable sizing of those 

controllers [13]. The correct dimensions for these controllers are also discussed in detail by 

investigate the significance of series FACTS controllers, albeit in distinct settings: loss reduction 

and increase in voltage stability [14] [15]. These studies highlight the significance of the series 

FACTS controller for reducing losses as much as possible and improving voltage stability, 

respectively.  

 The study examined the power flow of the 9-bus test system used by the Western System 

Coordinating Council (WSCC). An analysis of the actual and reactive power flow between each 

bus was carried out as a direct result of this investigation. The WSCC 9 bus test system was 

outfitted with a hybrid FACTS controller, which made it possible to conduct load flow tests, which 

are also emphasized [16][17]. These experiments are described in detail in the WSCC 9 manual. 

The installation of the controller allowed for the completion of these trials, which would not have 

been possible otherwise. A hybrid controller consists of the separate components of a series 

FACTS controller and a shunt FACTS controller, such as SSSC and SVC. This allows the hybrid 

controller to combine the best features of both types of controllers [18] [18] [20].  

 By injecting current into the system at the point of connection and simultaneously ensuring 
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that the current is in phase quadrature with the voltage, STATCOM can boost the system’s voltage 

stability and reduce the amount of energy wasted further down the line [21] [22]. This represents 

the load flow analysis that STATCOM and TCSC conducted to improve the system’s overall 

stability. In order to accomplish the goal of achieving initial swing stability in an inter-area system, 

shunt FACTS devices such as SVC and STATCOM may be utilized [23] [24]. It is proved once 

more in how much more advantageous UPFC is in a 14-bus system than any other alternative that 

might be used [25] [26]. The author’s investigates how the application of FACTS devices can 

improve power quality and reflects on the study carried out on these applications. It is investigated 

in reference number 11 whether or not it would be beneficial to enhance the voltage profile with a 

TCR (Thyristor Controlled Reactor) that uses a fixed capacitor. The TCR under consideration is a 

capacitor that is fixed. An examination of the power efficiency of some FACTS devices 

manufactured by various companies has been conducted [27].  

2.1      Basic Theory of Shunt Facts Controllers 

 It is a shunt type controller that controls power flow in transmission systems and improves 

power grid transient stability. This controller controls the amount of reactive power injected into 

or absorbed from the power system to regulate the voltage at its terminals. 

 

Figure 2.1: Shunt Facts Controller 

 To facilitate load flow analysis, SVC was incorporated into the nine-bus power system in 
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this study. A load flow study on the SVC compensated system was performed to evaluate 

performance by moving the SVC between buses 1 and 9. This was done so that the performance 

evaluation could be carried out. Following that, it was possible to determine where the SVC would 

function best in its new location. 

 Usually, shunt FACTS controllers connect in parallel with the line, and when they do so, 

they inject current into the system at the point it is connected. To achieve this, the current must be 

in phase quadrature with the voltage. 

 

Figure 2.2: Shunt FACTS controllers 

 

 This research incorporated SVC into the nine-bus power system to facilitate load flow 

analysis. First, a load flow study was carried out on the SVC compensated system to evaluate 

performance by moving the SVC between buses 1 and 9. This was done in order to conduct the 

performance evaluation. After this was accomplished, it was possible to determine where the SVC 

would function best in its new location.  

A. Static Var Compensator (SVC) 

 A shunt connection is included on the FACTS controller, referred to as the SVC, also 

known as the Static Var Compensator. Both the SVC and the line are connected in a manner that 

is parallel to one another. It is composed of a series of controllers, such as Thyristor Controlled 

Reactors (TCR) or Thyristor Switched Reactors (TSR), which are used to absorb reactive vars, 
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and Thyristor Switched Capacitors (TSC), which are used to inject reactive vars into the system at 

the time when they are required. For example, a Thyristor Controlled Reactor (TCR) is used to 

absorb reactive var. In addition, it is composed of a wide range of filters, each of which is designed 

to eliminate a specific harmonic frequency from the system. The contributions made by the SVC 

considerably aid the power factor correction process.  

 

Figure 2.3: Static Var Compensator  

 
2.2     Power Flow Solution by Newton-Raphson Method 

 The Newton Raphson Method is an iterative method for solving a collection of nonlinear 

equations with an equal number of unknowns. The Newton Raphson Method provides two 

solutions for the load flow. The first method employs rectangular coordinates for the variables, 

whereas the second employs polar coordinates.  

 In every power system, a load flow analysis is a tool that is obligatory to have to be able to 

examine the flow of power. Load flow studies are comprised of a compilation of non-linear 

equations in order to evaluate a broad spectrum of power system parameters. This is because a 

practical power system is necessarily a non-linear system. The reason for this may be seen in the 

previous sentence. If KCL is employed as a basis, the real and reactive power flow equations at 
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the bus I can be written out as shown in Fig. if they are to be considered valid [3].  

𝑃 =  𝑃  +  𝑃  

𝑄 =  𝑄  + 𝑄  

 In the context of this discussion, the real and reactive power is expressed in terms of the 

voltage variables and the admittance of the network (The Equations in the First and Second Places).  

 

 

Figure 2.4:  Power Flow Solution by Newton-Raphson Method 

 

 By making the appropriate substitutions in equations (1) and (2) with respect to equations 

(3) and (4), you will be able to derive the net real and reactive power flow at each bus I, as shown 

in equations (5) and (6). As a result, you can achieve the desired results.  

PG,i – PL,i – ∑ 𝑉iVjVijcos(𝛿i – 𝛿j - 𝛾ij) = Pi(V, 𝛿) = Pi = 0                   (1) 

QG,i – QL,i– ∑ 𝑉iVjVijsin(𝛿i – 𝛿j - 𝛾ij) = Qi(V, 𝛿) = Pi = 0                  (2) 

 Load flow studies comprise a collection of non-linear equations to analyze various power 

system parameters because a practical power system is inherently a non-linear system. Therefore, 

there will be 2N non-linear equations for every bus system with N stops.  

2.3     Description of the Test Circuit 

The investigation is centered on a testing system with a base capacity of 100MVA, 
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comprising three machines and nine buses. Three distinct buses can be used to generate electricity: 

bus 1, also known as the swing bus; bus 2, also known as the PV bus; and bus 3. (PV bus). 

Similarly, buses 5, 6, and 8 have been assigned the role of load buses. The base nominal voltage 

of each bus is usually agreed upon to be 220 kilovolts, which is the standard.  

 

Figure 2.5: Descripation of circuit 

 

 When SVC is installed at bus3, total losses can be calculated and compared to other SVC 

installation locations. This is something that can be seen and investigated. As a result, this is a 

possibility that should be considered. Similarly, when SVC is installed on bus 4, overall losses are 

reduced when compared to other installation locations. This is due to the fact that bus 4 has a 

higher capacity than other installation areas. Because of the high generation level, reactive and real 

power loss may differ. Because of the high level of generation, this possibility exists. 

 The generator owns buses 1, 2, and 3, respectively. The swing-style bus is the first one to 

arrive. The PV category includes both buses in the sequence. The generation statistics for Bus 2 

are P=170MW and Q=5MVAR, whereas the generation data for Bus 3 are P=80MW and Q = 

10MVAR. These two buses generate a total of 5 MVAR when combined. Buses 5, 6, and 8 have 

been given the role of load buses in a manner analogous to that described above. Bus 5 is hauling 
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a load with a P-value of 120 MW and a Q value of 50 MVAR, Bus 6 is hauling a load with a P-

value of 100 MW and a Q value of 40 MVAR, and Bus 8 is hauling a load with a P-value of 110 

MW and a Q value of 30 MVAR. 

 There is a difference of 1.04, 1.025, and 1.025 volts in the magnitude of the p.u. voltage 

on the generator bus 1, 2, and 3, respectively. The information on transmission lines, specifically 

the values of resistance (R) and reactance (X) between the nine separate electrical buses that 

comprise the system, is also included in the table just presented to you. Initially, load flow was 

performed on an uncompensated 9-bus system. It was discovered that there was a variation in the 

magnitude of the voltage (p.u), total power generation and losses. This was discovered after it was 

discovered that there was a variation in the magnitude of the voltage. The issue was resolved after 

the SVC load flow was implemented, which was accomplished by relocating the SVC from bus 1 

to bus 9. This brought about the solution to the problem. As a direct consequence, the optimal 

location for the SVC has been envisioned for the magnitude of the voltage and the decrease in loss.  

 The magnitude of the voltage and the load angle at various buses can be shown to vary 

based on the location of the SVC, as can be seen in the following illustration: When the SVC is 

placed at bus3, there is a greater shift in the voltage magnitude, indicating that this location has 

the least stable state. A red highlight represents the condition at bus3, which indicates that it is 

present. Similarly, bus4 has a green highlight because, when SVC is connected to bus4, the voltage 

magnitude variation is lower than it is with the other buses, and bus4 is the position in this nine-

bus system that is the most stable overall. This is evidenced by the fact that bus4 has the lowest 

variation in voltage magnitude.  

 Within the nine-bus power system, we can investigate the total generation of real and 

reactive power and the total losses at each bus concerning the location of the SVC installation. 
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This may be done in both absolute and relative terms.  

 When SVC is installed at bus3, it is feasible to study those total losses are bigger compared 

to other places of installation (PL=5.31MW & QL=41.7MVAR) of SVC. This is something that is 

observable and can be examined. Therefore, this is a possibility that ought to be considered.  

Similarly, when SVC is put at bus4, overall losses are reduced compared to other places of 

installation (i.e., PL=3.99MW & QL=39.72MVAR) of SVC. Again, this is because bus4 has a 

higher capacity than other installation areas.  

Due to the high generation level, reactive and real power loss may not be the same. This 

possibility arises because of the high level of generation. As a result, bus 3 is considered to have 

the least optimum SVC location, whereas bus 4 is considered to have the perfect SVC placement.  

 

Figure 2.6: Descripation of circuit 
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CHAPTER III 

METHODOLOGY 

3.1  Methodology  

 In this research, we are working on IEEE 9 bus system. The unique part is that we have 

added solar plates as input and are getting 192 mega volts. It will be connected to our solar system 

to the nine-bus load system. The second thing is the installation of a buck boost converter to 

prevent fluctuations. If the power rating is less than 192 megawatts, the system will operate as a 

boost converter, increasing the voltage of the current and the product of voltage and current is 

power, resulting in an increased power bill. If the power rating is greater than 192 megawatts, the 

system will operate as a buck converter, reducing the voltage or crank and equalizing to 192 

megawatts as input. 

 We have also connected two import sources. One is a 192-megawatt state forward 

alternating current load, and the other is a solar system connected to the system, so we must 

interlock the two input sources. It will build a switching circuit from the first and second input 

sources, and the circuit will detect which input or source is being used. 

 In previous work, we were able to obtain power and deliver it to the IEEE 9 bus load system 

with an efficiency of approximately 70%. We increased the efficiency to 95% by using 14 different 

random loads, each of which is divided into three parts, and the time we are considering is 15 

minutes. After 15 minutes, we get a new output power rating, which is then divided into three 

parts, and so on, for increased efficiency of system regulation in previous work. Most of them use 

less regulation, but we are increasing system regulation. Essentially, the system is a more versatile 

controller with developed capabilities for regulating voltage in serious compensation phase 

shifting. 
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 Furthermore, it controls both real and reactive power flow into the IEEE9 bus 

independently and very quickly, and the power flow will be smoother in the transmission lines that 

we have added. 

 We also use a solar power system, so we have DC voltage from the sun. We need to convert 

DC who is he, and we're using a three-phase regulator to convert DC voltage to three-phase AC 

voltage, which is then transmitted to a nine-bus system. We're also keeping the sinusoidal wave of 

AC voltage as a pure circuit after adding the capacitor what are filters at the output. 

3.2  Elements of IEEE 9 

 Models of the various elements of IEEE9 buses system in BPA are as follows: 

1) Load model 

 The given IEEE model utilizes models with constant power consumption.  

2) Generator model 

 In the BPA model that has been provided, the dual-axis model with damper winding (sub-

transient model) has been selected. The first generator is a hydraulic turbine, and it does not have 

an excitation system. The second generator is a steam turbine, and it contains an exciter, a 

stabilizer, a turbine governor, and the prime mover. The third generator is a hydraulic turbine that 

does not have an associated excitation system. The machine that maintains equilibrium is called 

Generator 1.  

3) Line model 

 The lumped parameter model is utilized, and each value corresponds to a single unit of 

measurement.  
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4) Transformer model 

 The model of a double-winding transformer is employed, and the leakage reactance, 

denoted by p.u., is provided.  

3.3  Increasing the Efficiency of Regulations 

 We can increase the efficiency of regulations by integrating solar panels, Buck-Boost 

Converter for avoid fluctuations, interlocking between two Input sources, increasing efficiency by 

taking 14 loads randomly and increasing the total power input.  
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CHAPTER IV 

SIMULATION 

4.1  Proposed Model  

 I have used MATLAB to run the IEEE 9 bus and came up with some ideas for it, such as 

adding a PV solar system for the purpose of simulations. In addition, if the solar power exceeds 

the load, the capacitor and RLC circuit will smooth the wave, keeping the system safe and reliable. 

For example, in this circuit, we have 40 solar plates connected in parallel; each one has 213 W of 

power, and ten of them are connected in series because ten is a standard number. 

 

Figure 4.1: Proposed Model 
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4.2  Elements of Model 

 The parameters of an IEEE9 buses system are given in BPA, and this project builds an 

IEEE9 buses system in PSCAD according to those parameters. The following is an explanation of 

the transformation rules that apply to the parameters of the various models:  

1) Load model 

 In order to ensure that the models adhere to BPA standards, continuous power models are 

utilized. Make sure that the fact that the values of the parameters for the active and reactive power 

of the load are single-phase is something that you pay attention to.  

2) Generator model 

 In this instance, models of synchronous machines are utilized. Excitation systems are a 

component of generators 1 and 3, and generator 2 is the only one of the three to incorporate an 

exciter in addition to a stabilizer and a turbine governor. Generator 1 is the name of the device that 

ensures that equilibrium is preserved. It is quite important to make a note of the fact that all the 

PSCAD generator parameters have been set to their correct values at the moment.  

3) Line model 

 The BPA employs the use of overhead line models in their correspondence.  

4) Transformer model 

 The leakage reactance, primary side voltage, and secondary side voltage can all be easily 

obtained in PSCAD by referring to the model card that was provided by BPA. The transformer 

models utilized have two windings.  

5) Frequency 

 The base frequency in PSCAD is set to 60 Hz by default. In this project, the frequency 

should be reset to 50 Hz.  
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4.3  Results 

 Buck-Boost converter for avoid fluctuations 

 If Power is less than threshold, then it will work as Boost Converter and boosted the Power. 

If power is much greater than threshold, then it will work as Buck Converter.  

 
 

 
 

Figure 4.2 Buck Boost converters 
 

 
 For efficiency we add back post. As we are working on IEEE9 bus system so we have to 

make buck-Boost of 3 phases and we also need three phase power supply as we are working in 

megawatt not kilowatt or any other simple watt, so for the three phases we have to connect the 

IGBT in parallel form (like what we have in the picture) and after that we have added RLC circuit 

to refine the output wave and then get into the grid system.  

 Interlocking between two Input sources 

 As we are using two sources, we must interlock each other so this circuit will switch 

between two inputs as per input requirements 
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Figure 4.3: Interlocking between two Input sources 

 
 

For switching circuit, we have two scenarios.  

 When we have enough output from the PV solar  

 When we don’t have enough output from PV solar  

 In the second case switch will work and will get the power from the original power supply 

instead of having it only from the PV solar. When sign wave and Repeat square are equal that 

mean we have power coming from solar to the grid. And of course, we will always get all the 

power right away from solar because its way cheaper than the normal generators power. 

 Integration of PV system to IEEE 9 Bus 

 The integration of PV system to the IEEE 9 Bus can done in the Simulink / MATLAB 

having 10 series modules, having 40 parallel strings with the array type 1 soltech-15TH-215-P as 

follow.  
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Figure 4.4: Integration of PV system to IEEE 9 Bus 

 

 The integration of solar PV is done having 10 series modules, having 40 parallel strings 

with the array type 1 soltech-15TH-215-P at the different temperatures i.e., 25oC and 45oC. We 

can see that solar PV produces more power on 25oC, as compared to the working on the 45oC, 

because it has ideal temperature condition of 25oC.  

 On the other hand, current produced on the temperature remained almost same. We can 

conclude that solar PV produces more power near to the standard temperature conditions.  
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Figure 4.5: Integration of PV system to IEEE 9 Bus 

 

 IEEE Bus Model with 3 phase output Load 
 
 We can draw IEEE Bus Model with 3 phase output Load in the Simulink / MATLAB as 

follow. Here, yellow indicates parallel loads, red indicates busses, and blue indicates lines. 

 

 
 

Figure 4.6: IEEE Bus Model with 3 phase output Load 
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Block diagram 
 

 
 

4.4  Discussion 

 Using the Guass Seidel method, as we know this method means the maximum number of 

iterations according to the given scenario will give us more efficiency results. 

 

Figure 4.7: Guass Seidel method 
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 15 minutes interval 

 We know that one hour time has four 15 minutes interval and 24 hours of a day have the 

interval as follow. 

A day = 24 x 4 = 96-time intervals 

 Fixed iteration method does not beneficial for the calculation due to numerous reasons. 

On the other hand, Gauss Seidel method works great for the exact calculation of time interval.    

 

 

Figure 4.8: 15-minute interval 

 
 This date is randomly day and day inform of 24 hours, starting from 12 AM nighttime to 

next day and make it different to 15-minute intervals to get 96.  

 Analysis 
 
 We can do analysis of the time interval in the Simulink / MATLAB as well by putting the 

values. Its y-axis will have the magnitude or no. of time intervals, while x-axis will have the time 

interval condition 15 minutes.   
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Figure 4.9: Analysis  

 Willingness 

 Willingness of power with numeric value option is also integrated in this model having the 

equations as follow.  

𝐶1) 0.8 − 1.0  (1𝑝ℎ𝑎𝑠𝑒) 

𝐶1) 3.0 − 0.8  (2𝑝ℎ𝑎𝑠𝑒) 

𝐶1) 0.0 − 0.3  (3𝑝ℎ𝑎𝑠𝑒) 

 We can do analysis of the time interval in the Simulink / MATLAB as well by putting the 

values as follow.  

 

Figure 4.10: Willingness Model in Simulink / MATLAB 
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 If we run this willingness model in Simulink / MATLAB, having a time interval of 15 

minutes, we can get the table of willingness as follow.  

 

 

Figure 4.11: Willingness Values 

 

 From table, we get the three conditions, with their values as follow.  

 
 C-1): If the willingness is greater than 0.8 that’s mean buyer can beer that load so it’s OK 

if the load is in less consumption we can shift to different level   - Less priority 

 C-2): If the wiliness is between 0.3 to 0.8, it means the buyer needs two phases – Medium 

priority 

 C-3): If the willingness is less than 0.3 that’s mean the buyer need all phases to be active 

at the same time without losing anyone of them.  -- High priority 
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 Surplus 

 Total surplus basically is the number of powers which the buyers can leave without that 

power. So, in the emergency time if we take the power out from the Load the consumer will not 

be affected. Total demand is the sum of all loads at first 15 minutes. We can see they are not sitting 

on 192 Megawatts. Every total is less than the maximum input.   

 

Figure 4.12: Surplus  

 
 

 Increasing the Efficiency on Regulation Up 

 A unified power flow controller (UPFC) is a high-voltage electricity transmission network 

device that provides fast-acting reactive power compensation. It generates current using a pair of 

three-phase controllable bridges, which is then injected into a transmission line via a series 

transformer. The controller has the ability to control both active and reactive power flows in a 

transmission line 

.
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Figure 4.13: unified power flow controller (UPFC) 
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CHAPTER V 

CONCLUSION 

5.1  Conclusion  

 The conclusion of a load flow study for a 9-bus electrical infrastructure was reached as a 

result of an investigation of the most effective means by which SVC may be spread across the 

system. We carried out the study mentioned above as part of the investigation that we were 

conducting. During the investigation that was being carried out, this goal was successfully attained. 

To carry on with their examination, the researchers, after finishing a study on load flow for an 

average system that was not compensated, moved their attention to SVC-compensated systems. 

This allowed them to continue their investigation. After finishing that particular study, the 

researchers returned to the topic of load flow to continue their investigation.  

 Comparing these uncompensated systems with these compensated systems leads to the 

conclusion that the SVC compensated system is superior in terms of voltage stability and reduces 

the total loss in the system. This conclusion is reached as a result of examining both sets of systems 

side-by-side. After examining both sets of systems, we came to this realization as a result of our 

research. As a result of our investigation, we got to this realization after comparing and contrasting 

the two sets of systems. After examining, we came to this realization as a result of contrasting and 

comparing the two sets of systems.  

 On the other hand, it was found that the stability of the SVC improved substantially more 

at one area of installation than any other place of installation, while the losses decreased noticeably. 

This was discovered, although any other place of installation was used. This was noticed in contrast 

to any other location where the installation occurred. This was nonetheless seen, even though there 

were fewer places where the SVC could have been placed. This was observed to be the case, in 
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contrast to any other installation components that could have been considered. When the SVC is 

positioned at bus 4, the magnitude of the voltage oscillations and the amount of loss decrease. 

Since bus 4 is the point at which there is the greatest improvement in voltage stability, the position 

of SVC is the one with the most space for improvement. As a result, the bus 4 job inside SVC is 

the one that offers the highest potential for advancement among all of the jobs there.  

 The voltage stability is greatly reduced when the SVC is placed at bus 3, and losses also 

increase significantly; as a result, placing the SVC at bus 3 is not the most efficient location for it 

to be in. Putting SVC on bus 3 is not in any way, shape, or form the best possible location for it to 

be in at all. Putting SVC on bus 3 is not the finest possible location for it. In addition, it can be 

seen that under some circumstances, the loss of real power decreases while the loss of reactive 

power slightly increases; this may be the result of an increase in the quantity of generation that 

takes place at the level of reactive power.  

 However, it is possible to make an educated guess about which location will produce the 

most fruitful results as long as one considers the voltage stability and the actual and reactive power 

losses. This is one scenario in which it is possible to make an educated guess about which location 

will produce the most fruitful results. In this particular situation, it is conceivable to hazard a guess 

as to which site will give the most profitable outcomes by consulting available information and 

using logic. However, one requirement must first be met before attempting such estimation. 

Implementing SVC in power systems will have three primary consequences: increased voltage 

control, fewer line losses, and improved voltage stability. These effects are produced directly from 

using the technology that has been utilized.  

 We can conclude that instead of 24 regulation time per day we increased it to be 96 times 

per day. Similarly, we integrated Solar Panels, did Buck-Boost Converter for avoid fluctuations, 
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interlocked between two Input sources and increased efficiency by taking 14 loads randomly. All 

that helped in increasing the efficiency on regulation from 70% to 95%.  

5.2  Future Work  

 In the future we can cooperate with other power US organization like ERCOT to connect 

our regulation system with their 15 minutes settlement power price; can improve the interval 

calculation to have more time periods to analysis and test, can do more weather forecasting to 

improve the work of solar system and can increase the loads number and loads levels calculation.  
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