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Abstract— With the advancement of technology the demand 

of electrical energy has also increased. The demand of 

electricity has become the parameter of growth of a nation. 

An electrical utility company has to use its existing 

transmission capacity to feed the ever increasing demand of 

electricity, due to the transmission lines has to be operated 

near its thermal stability limit. Operating the lines in close 

proximity to or above thermal stability limits makes system 

vulnerable to faults moreover it also increases the losses in 

the system. One way to increase the transmission capacity of 

the system without operating it to its thermal stability limit 

is to provide reactive power compensation at various 

locations. Reactive power reparation improves the voltage 

profile of the system, increase the power transfer in the lines 

and reduce losses. STATCOM is one such device that is 

used for reactive power compensation. It provides reactive 

power compensation thereby improving the voltage profile 

of the system. In this thesis reactive power compensation is 

attempted using STATCOM. To study its effect Load flow 

study is performed on IEEE (Institute of Electrical & 

Electronics engineer) 5 bus, IEEE 14 bus and IEEE 30 bus 

with and without STATCOM and the results are then 

compared to show the effect of STATCOM on the system. 

Newton Raphson method is used for the load flow study of 

the system. Simulation is done using MATLAB (Matrix 

Laboratories). 
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I. INTRODUCTION 

Over the time human race has become very much dependent 

upon electrical energy, to fulfill their daily needs. This has 

resulted in the rapid growth of power system. There are few 

problems that we face. They are power disruption and 

individual power outrages. To maintain the urban lifestyle 

there is enormous demand of power so transmission systems 

are being pushed to operate closer to their stability limit and 

also reaching close to their thermal limit. The constraint 

faced in keeping the demand and supply of power equal or 

matched are:    

 To fulfill the demand of power within the thermal 

limit. 

 Sometime when the power demand is greater than 

the supply then there is a stability problem and this 

causes blackouts incurring huge losses. 

The quality of the power delivered is affected by the 

above two reasons. Now the require arises to check the over 

constraints and they can be done by enhancing the power 

system control. These constraints can be controll by FACTS 

devices. FACTS devices stand for Flexible AC 

Transmission Systems devices. To begin the match between 

the demand and supplies of power, control in excess of the 

power flow and enhancement in system stability is 

important which can be achieved by the FACTS devices. 

FACTS devices have now became the need the hour. It is 

now becoming our necessity to use FACTS devices to 

improve the efficiency of the power system. FACTS devices 

are cost effective alternatives to new transmission line 

construction. 

To minimize the power transmission loss reactive 

power compensation used. Reactive power compensation is 

also worn to maintain power transmission capability and to 

maintain the supply voltage. In the transmission line, control 

of line impedance is known as Series compensation. When 

the impedance of a line changes it means that either 

capacitive or inductive compensation can be obtained thus 

controlling active power. TCSC (Thyristor Controlled Series 

Capacitor) is connected in series with the transmission line 

to enhance the power transfer capability. To increase the 

steady state transmittable power and to control the voltage 

profile shunt compensation is used. STATCOM (Static 

Compensator) is a shunt compensator and comes under 

FACTS device category that is being applied to long 

transmission lines. They are used for the control of power 

system. Applications such as scheduling of power flow, 

decreasing unsymmetrical components, decreasing the 

power oscillations and increasing the transient stability. 

II. LOAD FLOW STUDY 

With the huge increase in population, the demand for the 

electrical power has increased proportionally. It is an 

enormous task for the electrical utility company to supply 

this large amount of power to the consumer continuously 

and safely. 

Apart supplying the power, there are some basic 

operational policies that must be followed these are  

 Nodal voltage magnitude of all the buses in the 

power system must be kept in the permissible 

limits. 

 The system frequency should also fall within the 

predefined values and it should not be violated. 

 Thermal limit and stability limit of transmission 

line should not be violated. 

 Any kind of outage due to fault or due to any other 

maintenance activity should be kept minimum 

Apart all these points, efforts have to be made to reduce 

the transmission cost of the system. There are lots of 

constraints for an electrical utility company to be followed 

for smooth, economical and profitable operation. 

Furthermore addition of generator or any other equipment 

makes the power system more vulnerable to faults. So from 

the discussion we conclude that the power system network is 

a huge interconnection of generators, buses and transformers 

combined together to supply load at various points of the 

system any chances of fault should be minimized as it would 

lead to large economic losses. Moreover it should be made 

to function so as to draw maximum efficiency with safety. 

Load flow study is employed to the power system to study 
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the power system network, and its behavior when it is 

subjected to any expansion or upgraded for any system. 

A. Power Flow Analysis 

A power system is subjected to various daily plans and 

activity that includes maintenance work, up gradation and 

expansion activities. A load flow study on a power system 

network will give us information on whether or not the 

Nodal voltages ,active and reactive power flow of the bus 

will remain in the permissible limits or not. 

For example, in a power system a generator has to 

be synchronized with the system, load flow study will 

determine whether or not the nodal voltages and power 

flows will be in the permissible limits or not and in turn will 

show that the addition of generator in the system will be 

feasible or not. If the values comes out to be out of the 

prescribed limit the power system engineer can take steps to 

make the addition feasible. 

B. General power flow concept 

A power flow equation when solved will tell about the 

steady state complex voltages at all the buses of the network 

and we can calculate the real and reactive power flows from 

these equations. The problem with these power flow 

equations are that they are non linear in nature and cannot be 

solved by basic mathematical calculation. These non linear 

equations are normally solved by taking an approximate of a 

value and correcting it in continuous iterations process until 

the solution lies within the permissible values. There are 

many methods available to solve these equations like Gauss 

Method, Gauss Seidel, Newton Raphson and Fast 

Decoupled Load Flow. 

These power system equations are formulated and 

what makes the base of these equations. For analysis of 

power system we assume that at any bus the incoming and 

outgoing real and reactive power are equal. In brief at any 

bus the generation, power exchanged and load through the 

transmission lines should add up to zero. From this we can 

formulate the equations known as “power mismatch 

equation” [52]. 

                                                                                                

                                                                                             
The equations 3.1 and 3.2 are known as the power 

mismatch equations at bus k. 

Where  

 Active power injected in the bus by the generator    

  Reactive power injected in the bus by the 

generator  

 

 

  

 
 Let 

                                                                                                          

                                                                                                                
Putting these values in equations 3.1 and equations 

3.2 we get 

                                                                                                        

                                                                                                      

We have to calculate  and  through 

the power flow equations. They can be easily calculated if 

nodal voltages at the bus and system voltages are known. In 

this case the corresponding mismatch equations are zero and 

hence power mismatch equations can be satisfied. Suppose 

if nodal voltage at the bus is not known than we assume a 

nodal voltage for the bus and solve for the power mismatch 

equation. This assumed nodal voltage is corrected in various 

steps or we can say iterations and is continued until the 

power mismatch equation becomes equal to zero. 

Though for the practical purpose it is not possible 

that the power mismatch equation will became equal to zero 

as these type of load flow study will be solved through 

computer program we can set the mismatch level as low as 

1e-13. That means at the point where the mismatch become 

equal to as low as 1e-13 further correction of assumed nodal 

voltage or iterations is halted. After convergence, the nodal 

voltage magnitude and the phase angle will provide us the 

information about the steady state operating condition of 

power system. 

C. Power Flow Equation 

 
Fig. 1: Single Line Diagram of Power System Network [51] 

The most basic step toward formulating a power 

flow equation is to draw a relation between the bus current 

and bus voltage. From the figure 3.1 the current  will be  

                                                                                              
      

 

III. CASE STUDY AND RESULTS 

A. Case Study for an IEEE 5 Bus System 

Consider a standard IEEE 5 bus system for load flow study 

by Newton Raphson load flow method. It has 5 buses 

namely North, South, Lake, Main and Elm. The source 

impedance is . For simplicity the bus has 

been denoted as  

 North= bus 1  

 South = bus 2  

 Lake= bus 3 

 Main = bus 4 

 Elm = bus 5 

Bus 3, 4 and 5 are considered load bus. Bus 1 is 

slack bus while bus 2 is voltage controlled bus. 
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Fig. 4: An IEEE 5 bus system [51] 

For the figure, the table shows the bus number and 

type of Bus. 

Bus Number Type of bus 

Bus 1 Slack bus 

Bus 2 Voltage controlled bus 

Bus 3 Load bus 

Bus 4 Load bus 

Bus 5 Load bus 

Table 1: Bus type 

B. Bus Data 

Table 1shows the bus data for the 6 bus system. Column 1 

and column 2 shows the bus number and bus type. Columns 

3 and 4 show the voltage magnitudes in p.u. and phase angle 

in degrees. Columns 5 and 6 outline the size of the active 

and reactive loads connected to the corresponding buses in 

MW and MVAR. Columns 7 through to 10 are MW, 

MVAR, minimum MVAR and maximum MVA of 

generation, in that order. The bus code entered in column 2 

is used for identifying load, voltage-controlled, and slack 

buses as outlined below; 

 Code 1 is used for the slack bus. 

 Code 2 is used for voltage controlled bus. 

 Code 3 is used for load bus. 

Below is the table for bus data of an IEEE 5 bus system. 

The column is divided into bus number, bus code, voltage 

magnitude at the bus, phase angle, load in MW at that bus, 

reactive power at the bus in MVAR, Generator real and 

reactive power. The last two columns show the specified 

limit for the minimum reactive and maximum reactive 

power limits. 
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Table 2: Bus Data, IEEE 5 Bus System 

IV. CONCLUSION AND FUTURE SCOPE 

Power flow study determines the best operating condition of 

a Power System Networks. Newton- Raphson load flow 

methods has been used for solving the power-flow 

equations. To study the effect of STATCOM on power 

system, a bespoke (modified) power flow model of the 

STATCOM is attempted. STATCOM is placed at different 

location in various bus systems and the modified load flow 

program is used to access the effect of STATCOM on the 

system. The simulation is using MATLAB.  

Load flow study of all three bus (IEEE 5, IEEE 14 

& IEEE 30) is considered and it is shown that the voltage 

profile of the system is improved and it is shown using plot. 

It was also manifest that the voltage magnitude of that 

particular bus at which STATCOM is placed is maintained 

at 1 p.u. The reactive power cohort (generation) and 

absorption of the slack bus generator is condensed. The 

buses placed far away from the STATCOM are least 

effected while there was no effect of STATCOM on the real 

power. 

The completion of one research project opens the 

avenues for work in many other related areas. The following 

areas are identified for future work: 

 The load flow study can be done on larger 

consistent power systems like IEEE 118 bus and 

even larger 

 UPFC, IPFC and other FACTS controller can be  

incorporate along with the     STATCOM and their 

effect on the systems can be studied 

 Optimal location of STATCOM can be founds out 

using Genetic Algorithm and fuzzy logic  

 Economic Assessment of FACTS device against 

other methods can be studied. 
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