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Abstract— The Unified Power Flow Controller (UPFC) is a 

Flexible AC transmission system (FACTS) uses the thyristor 

controlled devices that can control all the three system. 

UPFC is capable of controlling real and reactive powers in a 

transmission system. This paper presents control and 

performance of Unified Power Flow Controller (UPFC) is 

investigated in controlling the real and reactive power flow 

control using IEEE 14 bus standards system. UPFC is 

studied to improve the power flow over a transmission line 

in a standard IEEE 14 bus system by using MATLAB / 

SIMULINK software in a power system. For the selected 

standard system, real and reactive power flows are 

compared with and without UPFC to improve the 

performance and also improve the voltage profile. In this 

paper implementation and digital simulation using UPFC to 

improve the power flow is presented. The 

MATLAB/SIMULINK model results are presented to verify 

the results. It can be shows that compare the waveforms 

results of active, reactive power and voltage when with and 

without UPFC in connected to IEEE 14 bus standards 

system. 
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I. INTRODUCTION 

The Flexible ac transmission a system (FACTS) is the 

combination of the power “electronics” devices to controls 

the power flow and the quantities in power system. Its first 

concept was introduced by N.G Hingorani, in 1988 

(FACTS) is very popular and essential device in power 

systems [1].The flexible AC transmission systems (FACTS) 

concept based on applying leading edge Power Electronics 

Technology to existing AC transmission systems, improves 

stability to increase usable power transmission capacity to 

its thermal limit. FACTS controllers are used for the 

dynamic control of voltage, impedance and phase angle of 

high voltage AC transmission lines. These FACTS 

controllers are based on voltage source converters. Thus, 

FACTS can facilitate the power flow control, enhance the 

power transfer capability, decrease the generation cost, and 

improve the security and stability of the power system. 

FACTS controllers can be divided into four categories,  

 Series Controllers (SSSC,TSSC), 

 Shunt Controllers (SVC,STATCOM),  

 Combined Series-Series Controllers (IPFC),  

 Combined Series-Shunt Controllers (UPFC) 

UPFC is the most flexible multi-functional FACTs 

device which is a new generation of FACTS devices 

proposed by Gyugyi in1991. UPFC is a Combined Series-

Shunt Controllers. The UPFC is one of the most versatile 

devices. In interconnected power systems, it is important to 

have control over power transfer [1].This can improve 

stability and allow transmission lines to be loaded closer to 

their thermal limits A UPFC can simultaneously provide 

control of the transmission line impedance, phase angle and 

voltage. The UPFC is constructed from two power 

electronic inverters which are connected together by a 

common DC link. Two transformers are used to isolate the 

UPFC and to match the voltage levels between the power 

system and the power electronic inverters. One of the 

inverter is connected to the transmission line. The series 

connected inverter can generate a voltage which can have 

adjustable magnitude and phase angle. This inverter 

therefore can provide both real and reactive power to the 

transmission line. The second inverter primarily provides 

the real power required by the series inverter but it can also 

operate as an independent VAR compensator. Therefore the 

UPFC can control the flow of real and reactive power in the 

transmission line. In UPFC, the transmitted power can be 

controlled by changing three parameters of power 

transmission line namely transmission magnitude voltage, 

impedance and phase angle. 

The UPFC can be used to improve the power 

quality due to the separate controlling capability of real and 

reactive power. In this proposed work two bus systems is 

simulated with UPFC. The 14 bus system is simulated with 

and without UPFC and The real and reactive power is 

investigated and observed from simulation model. The 14 

bus system is simulated with and without UPFC show the 

real power is increases and reactive power is compensated 

and increases voltage profile. 

II. UNIFIED POWER FLOW CONTROLLER 

The Unified Power Flow Controller consists of two 

switching converters, which in the implementations 

considered are voltage sources inverters, as illustrated in 

Figure 1. These inverters, labeled “Converter 1” and 

“Converter 2” in the figure, are operated from a common dc 

link provided by a dc storage capacitor. This arrangement 

functions as an ideal ac to ac power converter in which the 

real power can freely flow in either direction between the ac 

terminals of the two inverters and each inverter can 

independently generate or absorb reactive power at its own 

ac output terminal.  

Converter 2 provides the main function of the 

UPFC by injecting an ac voltage Vpq with controllable 

magnitude Vpq (0 ≤ Vpq ≤ Vpqmax) and angle ρ (0≤ ρ 2π) at 

the power frequency, inserted with line via an insertion 

transformer. This injected voltage can be considered 

essentially as a synchronous ac voltage source. The 

transmission line current flows through this voltage source 

resulting in real and reactive power exchange between it and 

the ac system. The real power exchanged at the ac terminal ( 
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i.e. at the terminal of the insertion transformer) is converted 

by the inverter into dc power which appears at the dc link as 

positive or negative real power demand. The reactive power 

exchanged at the ac terminal is generated internally by the 

inverter. 

 
Fig. 1: UPFC Connected to a Transmission Line 

The basic function of Converter 1 is to supply or 

absorb the real power demanded by Converter 2 at the 

common dc link. This dc link power is converted back to ac 

and coupled to the transmission line via a shunt connected 

transformer. Converter 1 can also generate or absorb 

controllable reactive power, if it is desired, and thereby it 

can provide independent shunt reactive compensation for the 

line. It is important to note that whereas there is a closed 

“direct” path for the real power negotiated by the action of 

series voltage injection through Converters 1 and 2 back to 

the line, the corresponding reactive power exchanged is 

supplied or absorbed locally by Converter 2 and therefore it 

does not flow through the line. Thus, Converter 1 can be 

operated at a unity power factor or be controlled to have a 

reactive power exchange with the line independently of the 

reactive power exchanged by Converter 2. This means that 

there is no continuous reactive power flow through the 

UPFC. 

III. IEEE 14 BUS SYSTEM 

Power Systems Engineering Committee of the industrial and 

commercial power systems department of the IEEE Industry 

Applications society (1999) develops IEEE Standard 1100-

1999 which recommended Practice for Powering and 

Grounding Electronic Equipment Power Quality is defined 

in the IEEE 100 Authoritative Dictionary of IEEE Standard 

terms as “ the concept of powering and grounding electronic 

equipment in a manner that it is suitable to the operation of 

that equipment and compatible with the premise wiring 

systems and other connected equipment. The IEEE 14 bus 

system includes 5 generator buses, 11 load buses and 20 

transmission lines. The Figure 2 shows the one line diagram 

of the IEEE 14 bus system.  

 
Fig. 2: Standard IEEE 14 Bus Systems 

IV. SIMULATION MODEL AND RESULTS 

Figure 3 shows the SIMULINK model of IEEE 14 bus 

system. The magnitude of voltage at bus 1 is confirmed to 

1.06 per unit. Line impedances are taken in per unit on a 

100-MVA base. 

 
Fig. 3: SIMULINK Model of IEEE 14 Bus Systems 

SIMULINK model of UPFC with IEEE 14 bus 

system include 8 thyristor, capacitor, 2 three winding linear 

transformer, generator, two loads, active and reactive power 

(mask), voltage and current measurements. In the UPFC 

Simulink model the IEEE 14 bus system is subsystem. 

Rating of capacitor is 500e-6, transformer of line one 

winding 1, V1 =1.9, R1= 0.054104, L1=0.0249 and winding 

2, V1 =1.01, R1= 0.05, L1=0.0249. Transformer of line nine 

winding 1, V1 =1.045, R1= 0.05, L1=0.0249 and winding 2, 

V1 =1.01, R1= 0.05, L1=0.0249, both transformer power is 
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1. All load voltages is 1.01. Whole system in per unit and 

frequency is 60Hz. UPFC Simulink model running time is 1 

sec. After running these systems, we have to check the real 

and reactive power of uncompensated and compensated 

system. When second load is inserted in this system, then 

we check the result of voltage profile for uncompensated & 

compensated system. Compare the result of without 

compensation, with compensation system of UPFC system. 

Figure 4 shows the SIMULINK model of Unified Power 

Flow Controller with IEEE 14 bus system. 

 
Fig. 4: SIMULINK Model of UPFC with IEEE 14 Bus 

Systems 

SIMULINK model of without Unified Power Flow 

Controller with IEEE 14 bus system include generator, two 

loads, active and reactive power (mask), voltage and current 

measurements. In the UPFC Simulink model the IEEE 14 

bus system is subsystem. Rating of two load voltages is 

1.01. Whole system in per unit and frequency is 60Hz. In 

the UPFC Simulink model the IEEE 14 bus system is 

subsystem. SIMULINK model of without UPFC with IEEE 

14 bus system running time is 0.8 sec. After running this 

system, we have to check the real and reactive power of 

uncompensated and compensated system. When second load 

is inserted in this system, then we check the result of voltage 

profile for uncompensated & compensated system. Figure 5 

shows the SIMULINK model of without Unified Power 

Flow Controller with IEEE 14 bus system. 

 
Fig. 5: SIMULINK Model of without UPFC with IEEE 14 

Bus System 

IEEE 14 bus system use transformer and this 

transformer is tap setting value is calculated from bus 4 to 

bus 7 is 0.978 in per unit. Transformer tap setting data for 

IEEE 14 bus system is given in Table 1. 

Table 1 Transformer Tap setting data – IEEE 14 Bus system 

From Bus To Bus Tap Setting Value (p.u) 

4 7 0.978 

4 9 0.969 

5 6 0.932 

IEEE 14 Bus system shows the 14 buses. Bus data for IEEE 

14 Bus system include bus voltage, generation and load of 

14 buses. Bus voltage indicates Magnitude in per unit and 

phase angle in degree. Generation and load indicates real in 

MW and reactive power in MVAR of 14 bus data. Bus Data 

for IEEE 14 Bus system are given in table 2. 

 
Table 2: Bus Data for IEEE 14 Bus Systems 

In IEEE 14 Bus systems 20 transmission lines. The 

Table 3.3 includes Line Impedance, Half Line Charging 

Susceptance, MVA Rating. Line Impedance is two part 

Resistance and Reactance in per unit. Line data for IEEE 14 

Bus system is given in Table 3. 

 
Table 3: Line Data for IEEE 14 Bus Systems 
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A. Active & Reactive Power Flow of without UPFC and 

with UPFC  

In this figures 6 and 7, show the result waveforms of active 

and reactive power flow of without and with UPFC model. 

In those figures indicate the pink color waveform stands for 

active power flow & blue color waveform stands for 

reactive power flow. In those figures x axis - time in second 

and y axis – power in per unit system. 

In figures 6, first load is already connected to this 

system and at 0.2 sec. second load is inserted into the same 

system. In this waveform, we can see that after second load 

is connected to the system active power flow & reactive 

power flow varies from the desired i.e.1. The active power 

variation is (2.327) and the reactive power variation is (-

0.97) of without unified power flow controller. 

 
Fig. 6: Active and Reactive Power Flow of Without UPFC 

In figures 7, first load is already connected to the 

system and at 0.2 sec. second load is inserted into the 

system. In this waveform, we can see that after second load 

is connected to the system active power flow & reactive 

power flow varies from the desired i.e. 1. The active power 

variation is (1.13) and the reactive power variation is (0.84) 

of with unified power flow controller. 

 
Fig. 7: Active and Reactive Power Flow of With UPFC 

B. Voltage Waveform of without UPFC Model across Load 

1 & 2 

Figure 8 shows, the voltage waveform of the without UPFC 

model in below figure the red color waveform stands for 

voltages. In figures 8 shows x axis-time in second and y axis 

– voltage in per unit system. In this first waveform represent 

voltage profile of the system with load 1. First load is 

already connected to the system and at 0.2 sec. second load 

is inserted into the system. In this waveform, we can see that 

after second load is connected to the system the voltage is 

(1.35). In this second waveform represents the voltage 

waveform across load 2. First load is already connected to 

the system and at 0.2 sec. second load is inserted into the 

system. In this waveform, we can see that after second load 

is connected to the system the voltage is (1.41). 

 

 
Fig. 8: Voltage waveform of without UPFC model across 

Load 1 & 2 

C. Voltage Waveform of with UPFC model Across Load 1 

& 2 

Figure 9 shows, the voltage waveform of the with UPFC 

model. In below figure the red color waveform stands for 

voltages. In figures 9 shows x axis-time in second and y axis 

– voltage in per unit system. In this first waveform represent 

overall voltage profile of the system with load 1. First load 

is already connected to the system and at 0.2 sec. second 

load is inserted into the system. In this waveform, we can 

see that after second load is connected to the system the 

voltage is (1.20). In this second waveform represents the 

voltage waveform across load 2. . First load is already 

connected to the system and at 0.2 sec. second load is 

inserted into the system. In this waveform, we can see that 

after second load is connected to the system the voltage is 

(1.34). 
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Fig. 9: Voltage Waveform of with UPFC model across Load 

1 & 2 

D. Comparative Analysis of Active Power, Reactive Power 

Flow 

Table 4 shows the comparative analysis of the net active 

power flow, net reactive power flow. The below Table 

include the net active power flow, net reactive power flow. 

Unified power flow controller is connected to bus 1 and bus 

2. The active and reactive power is measured with and 

without unified power flow controller with 14 bus system. 

In this we can easily find out that net active power & net 

reactive power flow of model with unified power flow 

controller is more nearer to the desired point i.e. 1. The net 

active power & net reactive power in per unit. 

Bus FACTS Device 

Net active 

power flow 

(P.U ) 

Net reactive 

power flow 

(P.U ) 

1-2 
Without UPFC model 2.327 -0.92 

With UPFC model 1.13 0.84 

Table 4: Comparative analysis of active power, reactive 

power flow 

V. CONCLUSION 

In simulation study, to simulate the model of UPFC 

connected to an IEEE 14 bus system MATLAB / 

SIMULINK software is used. In this dissertation, we use 

IEEE 14 bus system model and see the comparative analysis 

of active and reactive power flow and voltage stability when 

with and without UPFC is connected. So we conclude that 

with UPFC device gives better result of active and reactive 

power flow than without UPFC system. Also voltage 

stability is improved in UPFC system. 
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