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ABSTRACT 

One of the practical challenges faced in a restructured power system network is Congestion management. 

Types of methods used in congestion management are cost-free and non-cost free methods. In this paper the 

congestion has relived by using cost-free method using FACTS devices. The FACTS devices such as Thyristor 

Controlled Series Capacitor and Unified Power Flow Controller were proposed to improve the voltage profile. The 

IEEE 14 RTS system was taken and it was built and analyzed using Mat lab-Power System Analysis Toolbox 

software. The FACTS devices were located at the bus where the voltage limit has violated. The performance analysis 

has been made for IEEE 14RTS system with and without FACTS devices. The result shows that the proposed 

approach has the capability to improve the voltage profile of the power system network. 

KEY WORDS: Congestion Management, TCSC, UPFC, Power System Analysis Toolbox. 

1. INTRODUCTION 

In the competitive electricity market the power system can be classified into three main categories. They are 

namely, Genco – Generating company, Transco – Transmission company, Disco – Distribution company.  

Generating companies (Genco) generate and supply electrical energy. The Genco sell and provide the 

services like voltage regulation control and reserves, power system worker requires for maintaining the quality and 

the safety of an electrical energy supply. The electric power generating corporation can has one generating unit or a 

collection of units. The power producing companies contain vertically integrated utilities, which is called as 

independent power producers. Transmission companies (Transco) contains cables, transmission lines, transformers 

and reactive power compensating devices. Operation of this equipment depending upon the information given by the 

independent system operator (ISO). Transmission companies are also has generating units. An independent 

transmission company (ITC) is a type of Transmission Company that acts as an ISO which does not has any 

generating units. Distribution companies (Discos) control distribution networks. Vertically integrated system use the 

monopoly for the auction of generated power to consumers linked to the power system. In competitive electricity 

market, the retailing of energy to consumers is disconnected from the process, maintenance &expansion of the 

distribution network. Retailers then contribute to carry out electrical power auction. Retailers purchase electric power 

from the comprehensive market and resell it to customers who are not willing to buy the energy from the wholesale 

market (Lev Belyaev, 2010; Rajesh Retnamony, 2015). There is no power generation, transmission or distribution 

systems in retailer side. The retailers each customer has to be joined to the network of the different Disco. The 

computer system has run by a market operator. That system compares the both buyers and sellers bids. It takes care 

of the finishing point of the received bids. The system resends payments from buyers to sellers’ subsequent delivery 

of the electric power. The ISO is in charge for balancing the load and generation of electrical energy. The independent 

system operator (ISO) maintains the safety of the power system. An ISO consists of computing and communication 

system. The communication and computing systems are compulsory to observe and manage the electrical system. 

An ISO combines system operation accountability and the function of the market operator of last resort. Large 

consumers play a major task in power market through purchasing electric power straightly from the market. Few 

consumers can use their capacity to organize their load as a resource that the system is controlled using ISO (Martin 

German-Soberk, 2011). The large consumers are sometimes connected straightly to the transmission system.  

The FACTS devices in the power system are introduced by the advancement of power electronic devices. 

The FACTS devices control the power flow in a fast manner. In power system the FACTS devices are used to improve 

the power transfer capability limit of the lines in the transmission system. The FACTS devices controls the 

transmission system variables like series and shunt impedance, phase angle (δ), current I in Amps, voltage V in Volts, 

and damping of oscillation at a range of frequencies below rated frequency. Flexible AC Transmission System 

devices are used in power system for Voltage stability, small signal stability and transient stability. Thyristor 

Controlled Series Capacitor (TCSC), Unified Power Flow Conditioner (UPFC) devices are used in power system to 

control the voltage by generating and absorbing the reactive power. It also enhances the power flow of the electrical 

system. The FACTS devices are located at the low voltage bus to enhance the voltage profile of the system in case 

of overload conditions and fault condition (Narain, Hingorani, 2000; Rajesh Retnamony, 2015). The simulations are 

done using PSAT (Power System Analysis Toolbox) software. PSAT is the MATLAB based toolbox employed for 

controlling and analyzing the power system (Federico Milano, 2008). 

FACTS controllers: 
Thyristor Controlled Series Compensator: A TCSC is a series controlled device which controls the capacitive 
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reactance of power flow on the alternating current transmission line over a full range. Increase of the primary 

frequency voltage across an fixed capacitor (FC) in a series compensated line by the suitable variation of the firing 

angle. (Vijayakumar, 2011) This is the principle of series compensation. This increased voltage causes changes in 

the value of the reactance of the series capacitor. (Karthikeyan, 2011). The TCSC performance can be get by 

analyzing the of a variable inductor behavior connected in shunt with the Fixed Capacitor (Nasimul Islam Maruf, 

2010). 

 The equivalent impedance, Zeq, of the LC combination is given by, 

 

 
Figure.1. Variable inductor connected in parallel with Fixed Capacitor 

The impedance of the FC is given by -j(1/qC). 

 IfωC-(1/ωL)>0orωL>(1/ωC), the reactance of the Fixed Capacitor is less than that of the parallel 

connected variable inductor reactance. This combination provides a variable capacitive reactance. This variable 

inductor rises the equivalent reactance of the capacitor. If ωC-(1/ωL)=0, a resonance developed. This results in an 

infinite capacitive impedance. This condition is not acceptable.  

If ωC-(1/ωL)<0, the inductance provided by the L and C combination is more than the value of the fixed inductor 

(Martin German-Soberk, 2011). This condition is called as the inductive vernier mode operation of the TCSC 

(Karthikeyan, 2011). 

In the variable capacitance mode operation of the TCSC, if the reactance of the inductor is enhanced, the 

reactance of the capacitor is reduced. For higher value of inductive reactance the smallest amount equivalent 

capacitive reactance is obtained or when the inductor is disconnected from the circuit (OC), in which the reactance 

value is equal to the capacitive reactance. The behavior of the TCSC is same as the parallel L and C combination. 

The dissimilarity is in L and C combination voltage and current in the circuit are purely sinusoidal, but in the TCSC, 

voltage and current in the FC and thyristor controlled reactor (TCR) are not sinusoidal because of thyristor switching 

(Sundararaju, 2011). The basic operation of TCSC are, 

 Bypassed Thyristor Mode 

 Blocked thyristor Mode 

 Partially Conducting thyristor Mode 

Unified Power Flow Controller: UPFC contains two Voltage Source Converters namely converter1 and 

Converter2, both operated from a common DC link. The DC storage capacitor is used to provide DC link. . These 

converter setup operates as an ideal ac to ac converter. In this arrangement the real power can liberally flow between 

the ac terminals of the two converters. Each converters can separately generate or absorb reactive power at its ac 

output terminals. (Sapnakhnachi, 2013). 

 
Figure.2. Model of UPFC 

One Converter is connected shunt to the transmission line through parallel connecting transformer and 

another VSC is connected in series with the transmission line by a series transformer. DC terminals of the converters 

are joined and this provides a way for real power exchange between them (Sharma, 2014). Converter is the main part 

of UPFC it provides the control by injecting a voltage in series with the line through an injection transformer with 

controllable magnitude and phase angle. The voltage injected is act as a synchronous ac voltage source (Gowthaman, 

2011). 

The flow of line current through the voltage source causes reactive and active power interchange between it 

and the ac system. The reactive power interchanged at the dc terminal of the converter is generated inside converter. 
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The interchanged real power at the ac terminal is converted into dc. This dc power appears at the dc link as a real 

power demand. The converter1 is used to supply or absorb the real power needed for another converter at the common 

dc link to maintain true power exchange resulting from the series injection of voltage. This dc link power demand of 

converter2 is converted into ac by converter1. Then it is connected to the transmission line through parallel connected 

transformer. Converter1 can generate or absorb Q if it is required. It also provides parallel compensation for the line. 

The Converter1 can be operated at a unity power factor or provide the controlled Q interchange with the line 

independent of the reactive power interchanged through Converter1 (Narain, Hingorani, 2000).  

Power flow formulation: To identify the efficient operation of already existing power system and planning for the 

future development of the system the power flow study of the system is necessary. It is also necessary for developing 

a new power system. Every bus in a power system are related with four parameters (Pushpendra, 2014). They are 

True power (P), reactive power (Q), magnitude of voltage (V), and phase angle of voltage (δ) (Rajesh Retnamony, 

2015). 

Newton-Raphson Method: To solve the nonlinear equations Newton Raphson method is commonly used. It 

converts the nonlinear problem into a series of linear problems whose solutions provides the solution for the original 

problem. This method can be applied to one equation with one unknown or to a system of simultaneous equations 

with many unknowns. The flow chart for Newton Raphson method is shown in fig.3. 

 
Figure.3. Flow chart For Newton-Raphson Method 

3. SIMULATION AND RESULTS 

PSAT Model for IEEE 14 RTS System: The IEEE 14 RTS system modeled using PSAT toolbox is shown in below 

fig. The IEEE 14 bus system consists of 5 generating units, 14 number of transmission lines, 11 number of static 

load and 4 number of transformers. The Base MVA is considered as 100 and base voltage in the system is 69KV 

The minimum and maximum limits of voltage magnitude is 0.9p.u. to 1.1p.u. and phase angle is -45° to +45°). 

 
Figure.4. PSAT model for IEEE 14 RTS system 
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Base Case: 

Table.1. Power Flow Result for Base case 

Power Flow Results For Base Case In Pu 

BUS V (PU) PHASE (rad) P Gen Q Gen P Load Q Load 

1 1.06 0 3.5203 -0.28197 0 0 

2 1.045 -0.13568 0.4 0.9486 0.3038 0.1778 

3 1.01 -0.33212 0 0.59736 1.3188 0.266 

4 0.99782 -0.26441 0 0 0.6692 0.056 

5 1.0029 -0.22695 0 0 0.1064 0.0224 

6 1.07 -0.36956 0 0.44433 0.1568 0.105 

7 1.036 -0.33938 0 0 0 0 

8 1.09 -0.33938 0 0.33402 0 0 

9 1.0129 -0.37908 0 0 0.413 0.2324 

10 1.0122 -0.38446 0 0 0.126 0.0812 

11 1.0357 -0.37984 0 0 0.049 0.0252 

12 1.0462 -0.39059 0 0 0.0854 0.0224 

13 1.0366 -0.39147 0 0 0.189 0.0812 

14 0.99695 -0.41056 0 0 0.2086 0.07 

Overloaded Case: In this case the load has incremented on the buses 9, 10, 11, 14 of the IEEE 14bus system, this 

made the system overloaded. The load flow has performed for overloaded case. The load flow result for overloaded 

case is shown in below table. From the table it has been identified that the voltage at bus 14 is low and it has identified 

as the weakest bus of the IEEE 14 RTS System.  

Table.2. Power Flow Result for Overloaded case 

Power Flow Results For Overloaded Case in PU 

BUS V (PU) PHASE (rad) P Gen Q Gen P Load Q Load 

1 1.06 0 4.7926 -0.24801 0 0 

2 1.045 -0.18464 0.4 1.6498 0.3038 0.1778 

3 1.01 -0.41661 0 0.83177 1.3188 0.266 

4 0.95959 -0.36486 0 0 0.6692 0.056 

5 0.96932 -0.31868 0 0 0.1064 0.0224 

6 1.07 -0.5725 0 1.0392 0.1568 0.105 

7 0.98063 -0.53135 0 0 0 0 

8 1.09 -0.53135 0 0.67679 0 0 

9 0.92314 -0.62415 0 0 0.885 0.498 

10 0.9233 -0.6319 0 0 0.27 0.174 

11 0.98351 -0.60734 0 0 0.105 0.054 

12 1.0337 -0.60343 0 0 0.0854 0.0224 

13 1.0084 -0.60963 0 0 0.189 0.0812 

14 0.88405 -0.69568 0 0 0.5215 0.175 

IEEE 14 RTS System with TCSC: The FACTS device TCSC has connected between the low voltage buses 9 and 

14 of the IEEE 14 RTS system as shown in fig.5, to improve the voltage profile. The load flow has performed for 

IEEE 14 Bus system with TCSC. The load flow result for with TCSC case is shown in below table.3. From the table 

it has seen that the voltage has improved at the weakest bus 14. 

 
Figure.5. IEEE 14 RTS system with TCSC 
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Table.3. Power Flow Result with TCSC 

Power Flow Results With TCSC in PU 

BUS V (PU) PHASE (rad) P Gen Q Gen P Load Q Load 

1 1.06 0 4.7769 -0.24674 0 0 

2 1.045 -0.18407 0.4 1.6492 0.3038 0.1778 

3 1.01 -0.41577 0 0.83446 1.3188 0.266 

4 1.095914 -0.36353 0 0 0.6692 0.056 

5 1.096924 -0.31741 0 0 0.1064 0.0224 

6 1.07 -0.56912 0 1.0037 0.1568 0.105 

7 0.97839 -0.52998 0 0 0 0 

8 1.09 -0.52998 0 0.69063 0 0 

9 0.91858 -0.62317 0 0 0.885 0.498 

10 0.9194 -0.63051 0 0 0.27 0.174 

11 0.98144 -0.60483 0 0 0.105 0.054 

12 1.0361 -0.59977 0 0 0.0854 0.0224 

13 1.0132 -0.60662 0 0 0.189 0.0812 

14 0.90465 -0.6916 0 0 0.5215 0.175 

IEEE 14 RTS system with UPFC: The FACTS device UPFC has connected between the low voltage buses 9 and 

14 of the IEEE 14 RTS system as shown in fig.6 to improve the voltage profile. The load flow has performed for 

IEEE 14 RTS system with UPFC. The load flow result for this case is shown in below table.4. From the table it has 

seen that the voltage has improved at the weakest bus 14. 

 
Figure.6. IEEE 14 RTS system with UPFC 

Table 4. Power Flow Result with UPFC 

Power Flow Results With UPFC in PU 

BUS V (PU) PHASE (rad) P Gen Q Gen P Load Q Load 

1 1.06 0 4.7678 -0.24951 0 0 

2 1.045 -0.18385 0.4 1.6452 0.3038 0.1778 

3 1.01 -0.41573 0 0.83507 1.3188 0.266 

4 0.95905 -0.36363 0 0 0.6692 0.056 

5 0.96986 -0.31619 0 0 0.1064 0.0224 

6 1.07 -0.55788 0 0.97384 0.1568 0.105 

7 0.97843 -0.53491 0 0 0 0 

8 1.09 -0.53491 0 0.69036 0 0 

9 0.91937 -0.63069 0 0 0.885 0.498 

10 0.91972 -0.63439 0 0 0.27 0.174 

11 0.98119 -0.60079 0 0 0.105 0.054 

12 1.0375 -0.58489 0 0 0.0854 0.0224 

13 1.0172 -0.58846 0 0 0.189 0.0812 

14 0.91805 -0.64499 0 0 0.5215 0.175 
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Comparison of Voltage Profile: The voltage profile comparison of different cases has shown in below table. From 

the table it has seen that the voltage profile with UPFC device has given best result compared with TCSC device. 

Table.5. Comparison of Voltage Profile 

Voltage Profile (PU) 

Bus No Base Case  Overloaded Case  With TCSC   With UPFC  

1 1.06 1.06 1.06 1.06 

2 1.045 1.045 1.045 1.045 

3 1.01 1.01 1.01 1.01 

4 0.997 0.959 0.959 0.959 

5 1.002 0.969 0.969 0.969 

6 1.07 1.07 1.07 1.07 

7 1.036 0.980 0.978 0.978 

8 1.09 1.09 1.09 1.09 

9 1.012 0.923 0.918 0.919 

10 1.012 0.923 0.919 0.919 

11 1.035 0.983 0.981 0.981 

12 1.046 1.033 1.036 1.037 

13 1.036 1.008 1.013 1.017 

14 0.996 0.884 0.904 0.918 

 

 
Figure.7. Voltage Magnitude at bus No 14 

Table.6. Comparison of real power losses with and without FACTS Devices 

Overload With TCSC With UPFC 

58.17 56.595 55.69 

By using FACTS devices the real power losses are minimized as shown in table. From the table UPFC device 

has given good result compared with TCSC device. 

4. CONCLUSION 

This paper has proposed the cost free congestion management method required for smooth operation of 

deregulated power system. The cost free method using FACTS devices gives the remedy for congestion by enhancing 

the active power flow capability of transmission line. The IEEE 14 RTS system was taken and it was built using 

MATLAB-PSAT software. The power flow has run for base case without FACTS devices. Increase the load at the 

load buses 9, 10, 11 and 14. The power flow has run to find the low voltage bus. The FACTS devices such as TCSC 

and UPFC were connected separately to the low voltage bus to enhance the voltage profile and the load flow has run 

for each case separately. From the comparative power flow analysis of TCSC and UPFC, it can be conclude that the 

UPFC has given the best result than that of TCSC.  
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