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Abstract—The demand for electricity is increasing day by day 

and we have to produce more electrical energy to meet the load 

demands. Most of the experts prefer to extend the existing 

electrical networks over building the new network with greater 

costs. In this paper, the implementation of the flexible AC 

transmission systems (FACTS) devices in a simple electrical 

network is described. FACTS devices enhance power transfer 

capacity of the line without laying out new transmission line. 

These devices also protect the system from overloading in case of 

any contingency in the electrical network. Moreover, this paper 

describes the impacts of FACTS devices on improving the voltage 

stability and power handling capability of a transmission line. 

The proposed methods for the controllable flow of active and 

reactive power in a transmission line are also elaborated. A 

simple electrical system is examined to explain the improvement 

in the constraints of power system using FACTS devices. 

Keywords-flexible AC transmission systems (FACTS); genetic 

algorithm (GA); phase shifting transformer (PST); static VAR 

compensator (SVC); static compensator (STATCOM) 

I. INTRODUCTION  

Modern-day power systems are heavily stressed because of 
the growing demand for electricity and the competition in the 
electricity market [1]. Nowadays, there is a huge difference 
between the supply and demand for electricity. Power 
shortages occur due to the increasing population and improved 
living standards. A solution in these problems is to increase 
power generation and decrease power losses. Any increase in 
power generation demands new transmission lines which 
require high capital investments. Although the existing 
transmission networks operate near their rated capacity, yet 
there is some flexibility in increasing the power handling 
capacity of the existing transmissions lines. Flexible AC 
transmission systems (FACTS) are power electronic based 
semiconductor devices used to enhance the power handling 
capability of the transmission lines [2]. The main capabilities of 

FACTS devices are to control power flow, reactive power 
compensation and voltage control. The installation of a new 
electrical network or extending the existing one requires a high 
capital cost. FACTS controllers save this capital by improving 
the constraints of the power system [3]. FACTS controllers 
utilize the existing electrical network to its maximum capacity. 
In the past, VAR generators were connected to improve the 
voltage profiles of the electrical networks thus improving the 
performance of the network.  

Reliability and quality of the supplied power to the 
customers are improved by using VAR compensators [2]. In 
different contingency conditions, FACTS devices can be used 
to improve the static voltage stability margin of the system. 
The loading margin of the transmission line can be increased to 
its maximum capacity by the use of unified power flow 
controller UPFC [4]. SVCs and STATCOMs show better 
performance in terms of improving voltage profile and 
reducing line transmission losses [5]. Although shunt 
capacitors serve the same purpose and are less expensive, they 
are rarely used because of their operation time. A substation is 
used to transport the electric energy from a producer A to a 
load center B located at a specific distance. The consumer can 
be supplied through a number of transmission lines. The 
problem of uncontrolled power flows between the transmission 
lines occurs in these types of systems. Moreover, the 
transmission lines are loaded unevenly under these conditions. 
Active power can be regulated in the power system through 
phase shifting transformers (PSTs) [6]. The voltage instability 
in a power system is caused by the imbalance of reactive 
power. When an electrical system tends to approach its 
operating limits the loss of real and reactive power increases 
rapidly. Thus, in order to obtain voltage stability, reactive 
power must have to be supplied locally and adequately. The 
application of FACTS controllers enhances voltage stability 
and the loading margin of the system. The addition of UPFC at 
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the weakest bus of the power system improves voltage stability 
and loading margin [7]. FACTS controllers have a strong effect 
on static voltage stability in power systems. The voltage 
stability and loading margin of an electrical network can be 
increased by the application of FACTS controllers [8]. The 
selection of the most suitable FACTS device to control the 
flow of active and reactive power depends upon the 
performance analysis of different FACTS devices. The 
application of FACTS controllers for congestion management 
and voltage support improves the stable operation of the power 
system. The voltage level can be maintained at its reference 
value (1pu) by the use of devices like STATCOM and UPFC 
[9]. The installation of FACTS controllers solves the problems 
of uneven power flow and transient and dynamic voltage 
instability. The application of these devices locally is limited 
by their systematic control and capital cost. The above-
mentioned problems can be solved locally and economically by 
using a combination of energy storage systems (ESS) and 
FACTS devices [10]. The transient stability control ensures the 
stable operation of the power system in the event of large 
disturbances. The transient stability of the power system can be 
improved by applying FACTS controllers [11]. The 
advancements in the field of FACTS technology introduced 
many different configurations to control power flow. UPFC can 
improve the power quality of a system [12]. In order to 
improve power quality, the performance of UPFC with PI 
controller and with conventional system has been investigated. 
The UPFC with PI controller improves the power quality of the 
power system. Active and reactive power can be controlled 
effectively by the use of UPFC. The benefits of applying 
FACTS controllers in AC networks are power flow control, 
stability and loading margin. Power system performance 
characteristics can be improved by using several FACTS 
controllers [13]. As mentioned above, the high initial cost of 
FACTS controllers limits their applications. However, FACTS 
devices had provided the most reliable and efficient solutions 
[14]. The benefits of FACTS controllers in electrical utilities 
are important but the problems of high losses by using 
advanced FACTS controllers must also be considered. Flexible 
and dynamic control of electrical networks is made possible 
through FACTS devices [15]. The effectiveness of FACTS 
devices can be examined by applying them to the system in 
different scenarios. The semiconductor technology can be 
summarized in the development of these devices. In addition, 
major real-world installations and utility experiences with and 
without FACTS controllers can be also examined in order to 
know the importance of these devices. Power flow in electrical 
systems can be optimized through FACTS controllers. 

II. PROPOSED MODEL 

Most loads of a power system are inductive in nature and 
draw reactive power along with active power from the supply 
source. So, in order to obtain better system results we have to 
maintain adequate supply of both active and reactive power. 
The modern electrical power system comprises of a number of 
generators, transmission lines, transformers and loads. Some 
transmission systems are more loaded than their rated capacity 
because of increased power demand. Power transmission lines 
operate at different voltage levels varying from 110kV to 
800kV (66kV to 500kV in Pakistan). The voltages of the power 

transmission lines are kept high to reduce the losses in 
transmission lines, while the distribution systems operate below 
100kV for security and convenience reasons associated with 
the supply of electric power to domestic and industrial loads. 
The power transmission lines are highly interconnected 
because of the following economic advantages:  

• A tie line control is used to share the generating reserves for 
interconnected electric power transmission lines.  

• The transformers increase or decrease voltage levels 
according to the required conditions and power 
transmission lines can operate at different voltages. 

AC lines have inherent power flow control as the power 
flow is determined by the power at the sending end or receiving 
end. Let us assume a lossless transmission line with negligible 
line charging. The transmission line equation can be given as: 

� =
����

�
sin
�� − ���     (1) 

where ��  and ��  are the sending end and receiving end 
voltages, 	��  and ��  are the voltage angles while x is the 
reactance of the line. In case of disturbances such as line 
outage, line trip, generator outage or sudden increase in load, 
power flow is changed to ensure system reliability and security 
under these dynamic conditions. The flow of power is changed 
by the FACTS devices used in the system. Moreover, the flow 
of power in AC transmission line is controlled to enhance 
power system transmission capacity. 

As the load increases, bus voltage drops and may cross the 
minimum allowable limit. So the buses operating closer to the 
limits have a tendency to drop their voltage below 0.95pu 
which is a limiting standard. We have to cope with this 
problem by using FACTS devices which can set and maintain a 
reference voltage level. Moreover, in case of the contingency 
of one line, others can become overloaded. The voltage at the 
buses change and line currents are redistributed throughout the 
network when a transmission line is switched on or off through 
circuit breakers. In order to predict a new steady-state, bus 
voltages and line currents technique of contingency analysis is 
used. The system planners and operators are more concerned 
about overloads and under voltages rather than finding the 
exact values of voltage and current. Due to this reason, large-
scale network models used for contingency evaluation are not 
required to be exactly like the models used for fault 
calculations. In this case, various contingency conditions, their 
effect on bus voltages and currents and the application of 
devices are checked. We can maintain power flow across lines 
by fixing these devices [10]. They will only allow reference 
power to flow, diverting the remaining power to flow from 
under-loaded lines. The proposed model shows that these 
problems come in our selected network and FACTS devices 
help to solve these problems. UPFC can be used to control the 
flow of active and reactive power in a transmission system 
connected to the high voltage side of the network and control 
the amount of reactive power supplied to the line at the 
installation point. When a line is switched on or off, line 
currents are redistributed throughout the network and bus 
voltages change. The new steady-state bus voltages and line 
currents can be predicted by what is called the contingency 
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analysis program. Although Matlab has some disadvantages, 
most of the electrical systems can easily be examined through 
this software. In our case, some options are not available in 
Matlab for load flow analysis as they are available in other 
professional software. For example, there is no bus bar 
available in Matlab. We used three-phase measurement block 
as a bus bar. In PWS we have the facility to add fields 
(Voltages, angle, etc.) around the bus but in Matlab this facility 
is not available. Moreover, in order to calculate the line power 
flows, we have to adopt a lengthy procedure. However, some 
important features which are quite helpful in load flow analysis 
are provided in later versions of Matlab. Large-scale network 
models used for contingency evaluation, like those used for 
fault calculations, do not have to be exact because the system 
planners and operators are more concerned with knowing if 
overload levels of current and out-of-limit voltages exist than 
with finding the exact values of those quantities. The 
simulation of the whole electrical network is carried on Matlab, 
but in Matlab, load flow analysis does not work with FACTS 
devices, so to cope with this problem one can develop his own 
load flow tool for more accuracy. We implemented UPFC from 
FACTS family on a four bus network. The data obtained from 
the network including line impedances, transformer 
parameters, load demand and generation are shown below. 
UPFC can provide reactive power to the system because it 
consists of STATCOM which has the ability to generate 
reactive power according to the network demands. The power 
grid consists of two power generation substations and one 
major load centre at bus B3. The first power generation 
substation (M1) has a rating of 2100MVA (L3). UPFC is 
connected between bus number one and two. Without UPFC, 
active power of bus number two was 663MW and reactive 
power was -122.3MVAR. The generation substation M2 is also 
connected to the load by a 50km line by setting the reference of 
the active and reactive power of M1 connected to this load by 
two transmission lines L1 and L2. L1 is 280km long and L2 is 
split into two segments where the active and reactive power are 
absorbed by the load. The total length of the line L1 is 280km, 
line L2 is 300km long and line L3 is 50km. The UPFC 
measurement block has the set parameters of active power, 
reactive power and the phase and magnitudes of the voltage 
values. Both generators are also connected with transformers. 
The network diagram on Simulink is shown in Figure 1. 

III. RESULTS AND DISCUSSION 

The generation substations M1 and M2 representing 4 and 6 
machines of 350MVA respectively have a rating of 1400MVA. 
The load center of approximately 2200MW is modeled using a 
dynamic load only transfer’s active power from one line to the 
other according to the reference which is set for active power in 
order to simulate the effect of UPFC. It should be noted that the 
UPFC does not produce active power on bus two, it sets the 
active power to 763MW and maintains reactive Power to 
 -122.3MVAR. However, the shunt compensation devices in 
the UPFC supply the reactive power to the system. The UPFC 
basically controls the active power flow. In overload 
conditions, it allows the flow of active power according to a set 
reference power, thereby minimizing the contingency. The 
results with and without UPFC are shown in Tables I-IV and in 
Figures 2-5. 

 

Fig. 1.  Network diagram on Simulink 

TABLE I.  SIMULATION RESULTS WITHOUT UPFC 

Bus 
Active Power 

(MW) 

Reactive Power 

(MVAR) 
Voltages (V) 

B1 1337 -233 1.006 

B2 663.5 -122.3 1.006 

B3 988.9 -29.25 1.002 

B4 563.2 -40.67 1.014 

TABLE II.  SIMULATION RESULTS WITH UPFC 

Bus Active Power 

(MW) 

Reactive Power 

(MVAR) 

Voltages (V) 

B1 1331 -294.2 1.01 

B2 762.4 -122 0.9925 

B3 987 -10.71 0.9988 

B4 460.3 -15.92 1.017 

TABLE III.  COMPARISON OF ACTIVE POWER RESULTS 

Bus Without UPFC (MW) With UPFC (MW) 

B1 1337 1331 

B2 663.5 762.4 

B3 988.9 987 

B4 563.2 460.3 

TABLE IV.  COMPARISON OF REACTIVE POWER RESULTS 

Bus Without UPFC (MVAR) With UPFC (MVAR) 

B1 -233 -294.2 

B2 -122.3 -122 

B3 -29.25 --10.71 

B4 -40.67 -15.92 

 

Active power is set at 763MW and the other parameters are 
changed simultaneously. The active power has a relationship 
with the voltage angles and the reactive power is changed by 
changing the voltages of the lines. It can be seen from the 
Figures that the active power of the bus 1 was 1337MW 
without UPFC and it is changed to 1331MW by incorporating 
the UPFC between the lines. The reactive power of the bus 1 
without UPFC was -233MVAR which has been changed to  
-294MW and the simultaneous changes in the bus voltages 
with and without UPFC can be seen. 

 



Engineering, Technology & Applied Science Research Vol. 9, No. 2, 2019, 3900-3904 3903  
  

www.etasr.com Khan et al.: Power Flow Control by Unified Power Flow Controller 

 

 

Fig. 2.  Active power without UPFC 

 

Fig. 3.  Active power with UPFC 

 

Fig. 4.  Reactive power without UPFC 

 

Fig. 5.  Reactive power with UPFC 

The increase in the active power of the BUS 2 from 
663MW to 763MW can be seen from the graphs. It should 
been noted that the reactive power at bus 2 is the same with and 
without UPFC. This shows that employing UPFC doesn’t 
change the reactive power of the concerned bus. However, 
reactive power is transformed from a bus to another bus to 
change the active powers of the buses. The bus voltages in the 

system have a dynamic range of 10%. If the voltage drops 
below 0.90pu or increase above 1.10pu the system operation 
will be disturbed. Shunt compensating FACTS devices 
maintain the voltage range by supplying or absorbing reactive 
power. Moreover, the active powers are changed at the expense 
of voltage angles by controlling of voltage angles at the 
sending and receiving end of the transmission lines. 

IV. CONCLUSION 

The flow of power can be controlled in a network through 
FACTS devices. Basic parameters of a power system like 
active power, reactive power and voltages can be controlled 
and adjusted simultaneously by the use of a UPFC. The 
incorporation of FACTS devices improves the stability of the 
power system. In Pakistan’s WAPDA system, the rapid 
increase in load and no generation to cope the load has 
increased load shedding and supply problems through the 
country. The government has planned to increase the 
generation capacity but the supply companies faced the 
problems of line load-ability, environmental constraints, power 
limits etc. The series controlled compensation provided by 
FACTS can provide an efficient solution to this problem. With 
the use of TCSC we can enhance the power transfer capability 
of the existing lines and hence we can mitigate the problem line 
load-ability issues. With the application of FACTS, we also 
provide an additional feature of stability even in post 
contingency conditions for both transient and steady-state 
stability issues. So Pakistan transmission companies should 
install FACTS devices because they will be proved to be 
beneficial in terms of cost and environmental concern. 
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