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Abstract— This paper explains the design and simulation of 

a Unified Power Flow Controller (UPFC) application in 

electric power distribution systems using Matlab/Simulink. 

The theoretical concepts for the application of UPFCs in 

electric power systems are reviewed and discussed. To 

illustrate the operation of a UPFC in the distribution system; a 

case study of a radial distribution feeder with specific 

parameters is chosen. The loading conditions were designed 

such that the use of a UPFC is necessary to overcome the issue 

of voltage sag. The voltage drop in the feeder has to be less 

than 5% and so the UPFC device is connected during the 

simulation to compensate that drop caused by the large load 

current. Finally, the simulation results are illustrated for the 

designed feeder system, and the voltage drop issue is resolved 

by utilizing the UPFC. 
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I. INTRODUCTION 

Power electronics systems have been developed and 

widely used in electrical systems, one of these main systems 

is the Flexible AC Transmission Systems (FACTS). Among 

FACTS devices which are significant to operate the 

electrical transmission and distribution systems is the 

Unified Power Flow Controller (UPFC). UPFC is the most 

popular type of FACTS devices and it is based on Voltage 

Source Converters (VSC) which can provide a controllable 

voltage magnitude and phase angle [1]. The issues of power 

factor correction, active and reactive power flow, and 

voltage drop are solved by UPFC technology. As can be 

seen from figure 1, the UPFC is containing two VSCs 

connected by a DC capacitor link. It is obvious that one 

VSC is in series whereas the second is in parallel with the 

system via series and parallel transformers respectively. The 

power flow between the two buses in figure 1 is controlled 

by the control of these two VSCs (UPFC), and also the 

voltage profile is adjusted. The UPFC operates by the 

interchange of real and reactive power between the series 

and shunt VSCs, and so it controls the real and reactive 

power flow in the system [1]. UPFC combines the functions 

of the two FACTS devices: the Static Synchronous 

Compensator (STATCOM) and the Static Synchronous 

Series Compensator (SSSC). As mentioned earlier the two 

VSCs connected by a DC capacitor link present both the 

STATCOM and SSSC devices. The shunt converter is able 

to regulate the voltage at the connecting point, provide the 

appropriate reactive power flow, and balance the active 

power flow in the system. Also, the series converter is used 

to control the injected voltage Vs magnitude and phase, and 

so the active and reactive power flow is controlled. 

Therefore UPFC can function for the reactive shunt 

compensation, active and reactive series compensation, and 

phase shifting. 

In addition, UPFC is used for some more tasks like 

enhancing the system transient stability by eliminating the 

system oscillations. In future UPFC is expected to be more 

significant and more flexible as a fast power flow controller 

[2]. Also, power quality issues in the electric distribution 

systems are often mitigated by utilizing the UPFC 

equipments. The UPFC can work as a series and shunt 

active power filter to help balance the source current, 

minimize the harmonics distortions for supply voltage 

imperfections, and obtain unity power factor [3]. Several 

researches in distribution networks were performed  to 

achieve the advantages of line loss reduction and to improve 

the distribution feeder voltage profile. The radial 

distribution feeder  is commonly used due to its simplicity 

and its cheaper protection schemes. Moreover, it is easier to 

control  the voltage profile than the loop distribution system 

[4]. Voltage compensation, power flow control and isolated 

operation of distributed generators on distribution systems 

utilizing the UPFC are simulated in [5] with a proposed 

control methodology. 

 
A symmetrical three-phase voltage (Vs) with controllable 

magnitude and phase is injected in series with the feeder or 
the line, so active and reactive power flow is controlled by 
the series converter and they are calculated by (1) and (2) 
respectively. Hence, this converter exchanges the active and 
reactive powers with the line, the reactive power is obtained 
from the series VSC and the active power is transmitted to 
the DC terminals. The shunt converter is operated such that it 
makes a constant voltage across the storage capacitor. Then 
UPFC takes from the network only the real power as losses 
in the converters and transformers. Voltage regulation at the 
connection point of the shunt converter is provided by 
exchanging reactive power with the line using the shunt 
converter capacity [2]. If the DC link between the two VSCs 
is separated, these VSCs would work independently. Then 
the shunt converter would be working as a STATCOM 
which regulates the voltage at the connection point by 
exchanging (generate or absorb) the reactive power, while 
the series converter as SSSC that injects a voltage in series 
with the line in order to regulate the current flow then the 
power flow in the electric system [2]. 

  𝑃 =  
𝑉2𝑉3 sin 𝛿

𝑋
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𝑉2(𝑉2−𝑉3 cos 𝛿)
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Since the active power can be transferred from the shunt 

converter to the series one via the DC bus, the active and 

reactive power can be controlled by the UPFC with 

flexibility. The injected voltage Vs could have any angle 

with respect to the line current (I), whereas in SSSC Vs is 

limited to have 90° with the current.  
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Fig. 1. Single-line diagram of the UPFC and phasor diagram of voltages and currents [2]. 

As figure 1 illustrates the injected voltage Vs is under 

control such that it has fixed magnitude and the angle ϕ is 

adjusted. So it gives a locus of the circle presented, and the 

voltage V2 (V1+Vs) is controlled. Both V2 and V3 with the 

angle between them are changed, then the active and 

reactive powers are varied according to the above equations 

[6]. In  [6] and [7] MathWorks prepared many Simulink 

models related to the FACT devices and their applications. 

Also, reference [1] presented Simulink implementation of 

STATCOM, SSSC, and UPFC while considering their 

control systems. So their models can be utilized in further 

studies to analyze the dynamic behavior and steady-state 

characteristics of FACTS devices [1]. The simulation has 

been done in this paper to obtain the results for using the 

UPFC in a distribution feeder and keep the voltage profile in 

the accepted range of 5% drop. 

Matlab Simulink model of a UPFC controlling power flow 

on a 500 kV/230 kV power system which contains five 

buses connected through three transmission lines and two 

500 kV/230 kV transformers is illustrated in [7]. It has two 

generation plants on 230 kV system generate 1500 MW. 

Also, a speed regulator, an excitation system, and a power 

system stabilizer (PSS) are modeled in each plant. This 

model explains the UPFC function to relieve this power 

congestion. The UPFC is used to control the active and 

reactive powers at the 500 kV bus B3, and the voltage at bus 

B_UPFC. The UPFC has two 100 MVA IGBT-based VSCs 

(shunt and series converters connected by DC bus). Up to 

10% of the nominal line-to-ground voltage (28.87 kV) 

would be injected by the series converter to regulate the 

voltage after line L2 [7]. 

It is mentioned in the literature that the UPFC is becoming a 

more significant device in electric power systems since it is 

able to improve the transient stability effectively as well as 

changing several parameters of the electric system. 

Simulation works are essential to understand the 

characteristics of the UPFC and its switching converters 

during the dynamic operation [8]. The main role of the shunt 

converter is supplying the series converter with the active 

power via the DC link. While the series converter plays the 

main function of the UPFC since it presents a voltage source 

providing series compensation to control the flow of P and 

Q in the system [8]. Generally the UPFC functions are: 

active and reactive power control, voltage control, VAR 

compensation, damping oscillations, transient and dynamic 

stability, voltage stability, and fault current limiting. 

By reducing the voltage drop in distribution feeders, the 

losses in these electric lines will be reduced. The radial 

distribution feeder is usually used due to its simplicity as its 

voltage profile is easily controlled. There are some studies 

addressed the application of UPFC in loop distribution 

feeders and minimizing the losses. However, this paper 

considers a case study of a radial distribution feeder which 

utilizes the UPFC device to control the voltage drop and 

then analyze the simulation results for the case study. 
The objective of this paper is to investigate and 

synthesize the application of UPFC in electric distribution 
system, model it in Matlab Simulink, and get the simulation 
results for the radial distribution feeder specified in the case 
study. Figure 2 shows the single line diagram of an electric 
distribution feeder which is considered in this simulation 
case study. Usually, feeder voltage is around 10 kV in order 
to reduce the current and then the power losses. Feeder 
conductor size affects the voltage profile especially if the 
feeder length is relatively high. The UPFC is very useful in 
this kind of application to overcome the voltage drop issue at 
the end of the feeder. 

II. DESCRIPTION OF THE ELECTRIC DISTRIBUTION FEEDER. 

Consider an overhead radial three-phase distribution 
feeder having the following characteristics:  

• The infinite bus is number 1 provides three-phase 
source of 13.2 kV, with three-phase short-circuit power of 
1,600 MVA.
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Fig. 2. Single line diagram of an electric distribution feeder [9]. 

• The electric loads given in Table 1 are modeled as 
resistors and inductors connected in parallel. The different 
Rload and Xload at buses 1 to 5 are calculated; it is assumed 
that the buses voltages are the rated values. 

• The short-circuit impedance of the infinite bus is 
0.1089Ω. The primary feeder conductor is selected to have a 
current capacity of 900A with a resistance of 0.1288 
Ω/conductor/mile. Some safety margin is assumed when 
calculating the maximum current the feeder will carry under 

the worst-case condition. The conductor impedances 
according to the spacing factor for phase wires and mutual 
geometric mean distance are calculated by considering the 
overhead pole-top conductor configuration as explained in 
[9], and the inductive reactance is obtained from the 
characteristics of Aluminum Steel reinforced cables as 
presented in Table A.5 of [9]. Then the impedances for the 
different segments from the infinite bus to the end of the 
feeder are obtained and presented in Table 2. 

Table 1. Aggregated three-phase peak loads at each bus (summer time). 

Bus P in MW Q lag in MVAR Rload (Ω) Xload (Ω) 

1 1 0.4 174.24 435.6 

2 100 0 1.74 ----- 

3 0.9 0.3 193.6 580.8 

4 0.5 0.05 348.48 3484.8 

5 0.095 0.08 1834 2178 

Table 2. Feeder segment distances and impedances using 900A conductor size. 

From To Length in ft Length in mile R X 

1 2 3500 0.6629 0.0854 0.4050 

2 3  50 km line parameters specified in simulation below 

3 4 2200 0.4167 0.0537 0.1546 

4 5 3500 0.6629 0.0585 0.1777 

The voltage profile along the line is calculated by 
performing a load flow analysis for a balanced three-phase 
system using Matlab Simulink. If the voltage difference 
between the substation bus B1 and the last bus B5 on the 
feeder is greater than 5% of the per-phase voltage, the UPFC 
would be connected to compensate the voltage drop to be 
less than 5%. 

III. SIMULATION RESULTS AND DISCUSSION 

The UPFC device has been modeled in [7] and the 
SimPowerSystem toolbox illustrates its application to study 
the steady-state and dynamic performance of the UPFC used 

to relieve power congestion in a transmission system. 
Starting from that model available from MathWorks, the 
Simulink model for the distribution feeder system with 
UPFC for voltage regulation has been developed as shown in 
figure 3. Here there is a three-phase source presents the 
infinite bus for the feeder, the first load is located at bus B1, 
and the second load is 100MW before bus B2. The UPFC is 
placed before bus B2 and the short (50 km) transmission line 
to mitigate the issue of voltage drop of the feeder. As 
mentioned earlier the rated line to line voltage is 13.2 kV. 
Voltages at all buses are measured using the ideal three-
phase voltage and current measurement block, as well as 
active and reactive powers.
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Fig. 3. Designed Simulink model for the distribution feeder with UPFC voltage regulation.

In this model, UPFC is rated at 13.2kV, 10MVA for both 
series and shunt converters with 10% of series voltage 
injection. The three input terminals are (A1, B1, C1) which 
are connected to Bus B1, while the three output terminals 
(A2, B2, C2) are connected to Bus B_UPFC.  The trip input is 
disabled by grounding the input signal since the UPFC is 
inserted after 4 seconds of the simulation. The Bypass 
Breaker parameter is set to External Control, so the Bypass 
input is a logical signal. When this input is high the bypass 
breaker is closed. Therefore, this timer input is low after 4 
seconds. Vdqref input is visible only when the External 
control of the injected voltage Vdref _Vqref parameter is 
checked. A Simulink vectorized signal was applied to 
specify the reference voltages Vdref and Vqref, in per unit 
(pu). Also, PQref input is checked for External control of 
power references Pref _Qref parameter. The Simulink output 
vector (m) contains 34 UPFC internal signals. These signals 
are either voltage or current phasors (complex signals) or 
control signals. They can be individually accessed by using 

the Bus Selector block. In Power data parameters, the series 
converter is rated 100MVA with a maximum voltage 
injection of 0.1 pu. The shunt converter is also rated 
100MVA. However, in the control parameters, the shunt 
converter is in voltage regulation mode and the series 
converter is in power flow control mode. The UPFC 
reference active and reactive powers are set in the magenta 
blocks labeled Pref(pu) and Qref(pu). Initially, the Bypass 
breaker is closed and the resulting voltages before using the 
UPFC at buses B2, B3, B4, and B5 are less than 0.93 pu. The 
magnitude of the injected voltage is controlled by varying the 
dc voltage which is proportional to Vinj (3rd trace) [6]. The 
DC link nominal voltage was set to 4000V. Figure 4 shows 
the UPFC Phasor Model built in [7] which presents power 
components modeling of the shunt and series converters, 
measurements, and voltages computations. There is a 
transmission line of 50km between the buses B2 and B3 and 
after the UPFC model. The parameters of this line are: (R = 
1.27Ω, L = 41.7mH, C = 0.64µF).

 

Fig. 4. The UPFC phasor model [7].

Figure 5 shows the waveforms of the UPFC reference 
active and reactive powers, and voltage magnitude and phase 
angle. The active power (P) is curved as an increasing line in 
the first 4 seconds, but after inserting the UPFC the slope of 

the line is inverted to form a decreasing line. While the 
reactive power (Q) is less than 1 pu. The change at 4 seconds 
when UPFC has been included in the system is obvious from 
the voltage magnitude and angle curves. Figure 6 shows 
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voltages magnitudes in pu at the five buses (B1, B2, B3, B4, 
and B5) under peak load conditions without and with the 
usage of UPFC. These are five curves that show the voltage 
profile for the considered distribution feeder system. There is 
a clear difference between the voltages at bus B1 and bus B2 
before inserting the UPFC (1.01 pu and 0.92 pu respectively) 

because of the large resistive load (100MW). The voltages at 
all buses (B2 : B5) present great improvements as changed 
from less than 0.93 pu to more than 0.966 pu. These voltages 
at all feeder buses are significantly improved after 
connecting the UPFC to be (0.99, 0.979, 0.977, 0.968 pu) 
which are satisfying the limit of 5% voltage drop.

 

Fig. 5. B_UPFC Bus active and reactive powers, and voltage magnitude and phase angle. 

 

Fig. 6. Voltages magnitudes in pu for the designed feeder buses (B1 : B5).

Figure 7 shows the active and reactive powers (P & Q) at 
buses B1, B2, B3, B4, and B5. There are clear changes in the 
active and reactive powers of bus B1 because of inserting the 
UPFC at 4 seconds. 
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Fig. 7. The active and reactive powers at buses B1, B2, B3, B4, and B5. 

Figure 8 presents the reference voltage from the UPFC 
measurements. It is clear that UPFC makes this drop in Vm 
while it was around 0.993 pu before UPFC usage. It is due to 
the function of the series converter to compensate for the 
voltage drop. 

 

Fig. 8. The reference voltage from the UPFC measurements. 

Figure 9 illustrates the DC voltage between the shunt and 

series voltage converters of the UPFC which is very close to 

the steady-state value of 4000V with an overshoot at 4 

seconds. That is because the UPFC’s shunt converter regulates 

the voltage at the connecting point, provides the appropriate 

reactive power flow, and balances the active power flow in the 

system. While the series converter is used to control the 

injected voltage magnitude and phase, and so the active and 

reactive power flow is under control. 

 

Fig. 9. The DC voltage between the UPFC shunt and series converters. 

IV. CONCLUSION  

The design and simulation of a unified power flow 
controller (UPFC) application in the electric power distribution 
system using Matlab/Simulink have been presented. The 
theoretical concepts for the application of UPFCs in electric 
power systems are reviewed and discussed. The UPFC model 
from MathWorks has been included to simulate the case study 
of the radial distribution feeder, such that the use of UPFC is 
necessary to solve the voltage sag issues. The UPFC device is 
connected during the simulation (after 4 seconds) to 
compensate for the voltage drop caused by the large load 
current so it is less than 5% at the feeder end buses. The 
simulation work has been performed for the designed three-
phase distribution feeder with UPFC voltage regulation. Finally 
simulation results are presented and analyzed for the designed 
distribution system, and the voltage drop issue is certainly 
resolved by utilizing the UPFC. 
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