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Abstract: Flexible AC transmission system (FACTS) devices offer great opportunities to regulate
the transmission of alternating current (AC) and bus voltages, increasing or decreasing the power
flow in specific lines and responding almost instantaneously to the stability problems. The
potential of this technology is based on the possibility of controlling the route of the power flow
and the ability of connecting networks that are not adequately interconnected, giving the
possibility of trading energy between agents. There are many types of FACTS devices depending
on the way they are connected in the network such as; series, shunt and the combination of the
two. Examples of FACTS devices include; static compensator (STATCOM), Thyristor control
series compensator (TCSC), series capacitor synchronous compensator (SCSC), Unified power
flow controller (UPFC), Generalized unified power flow controller (GUPFC) etc. Due to the
higher reactive power in the Abuja electricity distribution network in particular at government
feeder Lafia, there is need to insert UPFC into the feeder in order to minimize this effect. Artificial
bee colony (ABC) would be employed for the optimal location of UPFC in the network for power
loss minimization and voltage profile improvement. The power flow of the modeled network will
be run with and without UPFC optimally located in MATLAB environment to analyze the
simulations results and make necessary recommendations.

Keywords: facts devices, synchronous, compensator, reactive power.

INTRODUCTION

The technological advances in power semiconductors permit the development of devices that react
more like an ideal switch, totally controllable, admitting high frequencies of commutation to major
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levels of tension and power (Peter, 2017). The concept of flexible AC transmission system
(FACTYS) devices were associated with the development of the renewable energy sources such as
fuel cells, wind energy and solar cells, another factor to keep in mind in the development and
configuration of the electrical system. FACTS devices require electronic equipment based on
power converters that facilitate the integration of these sources of energy, without damaging over
the reception quality of the users connected to the electricity network (Patel and Umar, 2018). The
FACTS controllers offer great opportunities to regulate the transmission of alternating current
(AC), increasing or decreasing the power flow in specific lines and responding almost
instantaneously to the stability problems. The potential of this technology is based on the
possibility of controlling the route of the power flow and the ability of connecting networks that
are not adequately interconnected, giving the possibility of trading energy between agents
(Tambey and Kothari, 2015). There are many types of FACTS devices depending on the way are
connected in the network such as; series, shunt and the combination of the two. There are many
types of FACTS devices depending on the way they are connected in the network such as; series,
shunt and the combination of the two. Examples of FACTS devices include; static compensator
(STATCOM), Thyristor control series compensator (TCSC), series capacitor synchronous
compensator (SCSC), Unified power flow controller (UPFC), Generalized unified power flow
controller (GUPFC) etc. UPFC is perhaps the most versatile of the FACTS controllers, offering a
unique combination of shunt and series compensation which guarantee flexible power system
control (Sharma and Vadhera, 2016). The three steady state models of UPFC according to
(Elkholy, 2014) are; decoupled, injection and comprehensive newton raphson (NR) models. The
flexible power flow control and high dynamics can be successfully achieved by applying electronic
power converters. It is particularly beneficial to use power converters based on full controlled
switches, such as Gate Turn Off thyristors (GTO) and the more recently available high-power
Insulated Gate Bipolar Transistor (IGBT), which are suitable to handle higher switching
frequencies (Gupta et al., 2015). This proposal will investigate the dynamic stability enhancement
of the Government feeder, Lafia in the Abuja distribution company using UPFC.

Review of Fundamental Concepts

UPFC is a member of FACTS devices consists of two solid state synchronous voltage source
converters coupled through a common DC link. The DC link provides a path to exchange active
power between converters. The series converter injects a voltage in series with the system voltage
through a series of transformer. The power flow through the line can be regulated by controlling
voltage magnitude and the angle of series injected voltage (Kalyani, and Tulasiram, 2010). The
injected voltage and line current determine the active and reactive power injected by the series
converter. The converter has a capability of electrically generating or absorbing the reactive power.
The shunt converter has a capability of independently supplying or absorbing reactive power to
regulate the voltage of the AC system (Patel and Umar, 2018). The UPFC is a device placed
between two buses referred to the UPFC sending bus (B1) and the UPFC receiving bus (B2), It
consists of two voltage-sourced converters (VSCs) with a common DC-link. For the fundamental
frequency model, the VSCs are replaced by two controlled voltage sources (Gomez, 2011).
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By applying the pulse width modulation (PWM) technique to the two VSCs, the following
equations for magnitudes of shunt and series injected voltages can be obtained. Both voltage
sources are modeled to inject voltages of fundamental power system frequency only. The UPFC
is placed on high-voltage transmission network; the arrangement requires step-down transformers
to allow the use of power electronic devices for the UPFC. The series converter injects an AC
voltage (Mohammad and Ewald, 2015).

The shunt converter injects controllable shunt voltage such that the real component of the currents
in the shunt branch balances the real power demanded by the series converter. The reactive power
cannot flow through the DC-link. It is absorbed or generated locally by each converter. The shunt
converter operated to exchange the reactive power with the AC system provides the possibility of
independent shunt compensation for the line (Hingorani and Gyugyi, 1999). If the shunt injected
voltage is regulated to produce a shunt reactive current component that will keep the sending bus
voltage at its pre-specified value. In order to show how the line power flow can be affected by the
UPFC, it is placed at the beginning of the transmission.

Flexible Alternating Current Transmission Systems (FACTS) devices have been widely used in
power systems around the globe. These devices are used to enhance the controllability and
maximize the power transfer capability of the electrical network (Hingorani and Gyugyi, 1999).
The semi-conductor devices such as diodes, transistors, thyristors and gate turn-off thyristors
(GTO) are applied to develop the various types of FACTS. The FACTS devices have the ability
to control many parameters of transmission systems such as; the series impedance, the shunt
impedance, the currents, the voltage magnitude, and the phase angle. FACTS controllers are power
electronics-based system and other static equipment that have the capability of controlling various
electrical parameters in transmission networks which can be adjusted to provide adaptability
conditions of transmission network. FACTS controllers have been proved that they can be used to
enhance system controllability resulting in total transfer capability (TTC) enhancement and
decreasing power losses in transmission networks (Patel and Umar, 2018). The optimal
performance of using FACTS controllers to increase TTC and minimize losses should be obtained
by choosing the maximum numbers, parameter settings, and locations in transmission systems.
Modern heuristics optimization techniques are successfully implemented to solve complicated
optimization problems efficiently and effectively (Patel and Umar, 2018).

Unified Power Flow Controllers (UPFCs) are the most versatile and complex power electronic
equipment applied to control and for the power flow optimization in electrical power transmission
systems. It offers major potential advantages for the static and dynamic operation of transmission
lines. The UPFC combines the functions of several FACTS devices and is capable of implementing
voltage regulation, series compensation, and phase angle regulation at the same time. Thus,
realizing the separate control of the active power and reactive power transmitted simultaneously
over the line. The UPFC thus provides effective means for controlling the power flow and
improving the transient stability in a power network. (Patel and Umar, 2018) Unified Power Flow
Controller (UPFC) is the most effective Flexible Alternating Current Transmission System
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(FACTYS) device which is able to optimize the power transfer capability of interconnected power
systems (Udhaya, 2012). The UPFC can be used to control the line power flow and voltage bus
individually or simultaneously. Now, the implantation of FACTS devices in load flow algorithms
is considered as a fundamental requirement in planning, operation, and the control. Generally, the
existing load flow programs need to be modified to incorporate these devices. The required
modifications due to many reasons such as; addition reference buses related to the number of
FACTS have to be added in the network, the impedances of FACTS have to be incorporated into
original admittance matrix, and the powers contributed by FACTS have to be included into power
mismatches vector. Some of excellent research works have been done to reduce the complexity of
load flow programs with the UPFC device (Chansareewittaya and Jirapong, 2012). The UPFC is
the most powerful and versatile FACTS equipment used to control the power flow and stability of
the power system. The UPFC uses solid state devices, which provide functional flexibility,
generally not attainable by conventional thyristor-controlled systems (Patel and Umar, 2018). The
UPFC is a combination of a static compensator (STATCOM) and a static synchronous series
compensator (SSSC) coupled via a common DC voltage link. The DC terminal of the two
converters is connected together with a DC capacitor. The series converter control to inject voltage
magnitude and phase angle in series with the line to control the active and reactive power flows
on the transmission line (Patel and Umar, 2018). Hence, the series converter will exchange active
and reactive power with the line. UPFC can be act static as well as dynamic condition also. Static
is an analysis at the steady state condition and dynamic is an analysis at the transient condition
such as faults occurs in transmission system. It provides the ability to simultaneously control all
the transmission parameters of power systems, i.e. voltage, impedance and phase angle (Patel and
Umar, 2018).

According to IEEE definition and standard UPFC is combination of both static compensator
(STATCOM) and static synchronous series compensator (SSSC). Those devices are coupled via
common dc power link to allow bidirectional flow of real power between the series output terminal
of SSSC and the shunt output terminal of STATCOM.

UPFC Transfer Capability

The word FACTS is an acronym for Flexible AC Transmission System. According to the IEEE
PES Task Force of the FACTS working Group, the general and standard definitions for FACTS
and FACTS Controllers respectively are stated as (Hingorani and Gyugyi, 2000): “Alternating
current transmission systems incorporating power electronic-based and other static controllers to
enhance controllability and increase power transfer capability” and “a power electronic-based
system and other static equipment that provides control of one or more AC transmission system
parameters”.

Classification of FACTS Controllers
Basically, FACTS controllers are classified into (Singh et al., 2012):
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I.  Thyristor controlled based FACTS controllers such as Thyristor Controlled Reactor (TCR),
Thyristor Controlled Series Compensator (TCSC), Static Var Compensator (SVC), etc.

ii.  Voltage source inverter (VSI) based FACTS controllers such as Static Synchronous Series
Compensator (SSSC), Distribution Static Compensator (D-STATCOM), Unified Power
Flow Controller (UPFC) etc.

Categories of FACTS Controllers

Generally, FACTS controllers are categorized based on the nature of their connection in electric
power systems. The four basic categories of FACTS controllers are as follows (Singh et al., 2012):
i) Series connected; ii) Shunt connected; iii) Combined series-series connected; and iv) Combined
series-shunt connected.

Optimal Siting and Sizing Techniques

Researchers have developed and applied several techniques for optimal siting and sizing of FACTS
Controllers in electric power networks in order to enhance the network performance by reducing
power loss and improving voltage profile. Some of the techniques are as follows

Analytical Techniques

This approach is on the basis of simplified network assumptions. The techniques are employed for
various sensitivity analysis for improving the dynamic stability in power networks. Some of the
analytical techniques used for optimal siting and sizing of FACTS Controllers in power networks
include (Singh et al., 2015): Eigen Value Analysis (EVA), Modal Analysis (M.A), Residual Based
Method (RBM), Index Method (IM), Sensitivity Based Method (SBM), etc.

Optimal Allocation of UPFC

In summary, the following literatures are reviewed for the purpose of this research work: Fuerte-
Esquivel and Acha (1997), published on the critical comparison of Newton Raphson UPFC
algorithm in a Power Flow Studies where a general UPFC power flow model was presented. The
UPFC model was incorporated in to an existing FACTS Newton Raphson load flow algorithm.
Critical comparisons are made against existing UPFC models, which show the newly developed
model to be far more flexible and efficient. The algorithm retains Newton’s quadratic convergence
and its efficiency has been illustrated by numeric examples. The results obtained indicated that the
SVS model should only be used when the UPFC shunt converter is attached to an infinite bus bar.

Chen et al. (2000) proposed a control of UPFC to improve power system voltage stability. A
dynamical UPFC model is presented. The impact of the UPFC model on voltage stability was
clarified through bifurcation analysis. Robust techniques were employed for the series and shunt
branches control and the DC capacitor voltage control. Different roles of the series and shunt
branches of UPFC in voltage stability were studied on a three-machine power system. The effects
of the UPFC controllers on voltage stability enhancement were examined on the three-machine
power system. Bifurcation analysis shows that the feasibility region is significantly affected by the
proposed UPFC control. Abdullah et al. (2020) presented the application of evolutionary
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computation technique for monitoring voltage profile of the power system network when UPFC is
incorporated in the network. Evolutionary Programming and Artificial Immune system method
have been applied in IEEE 30 bus RTS system to maintain stable voltage profile and minimize
losses while increasing the power transfer capability.

Suppakarnand (2010), presented on the topic “Power Transfer Capability Enhancement with
Multi-type FACTS Controllers Using Particle Swarm Optimization” in IEEE Conference
Publications. In which, particle swarm optimization (PSO) is proposed to determine the optimal
allocation of multitype FACTS controllers to enhance power transfer capability of power
transactions between sources and sink areas in power systems. Test results from the test system
indicate that optimally placing OPF with FACTS controllers by PSO can effectively and
successfully enhance the power transfer capability compared to those from EP. Advantage of PSO
is it gives higher benefit to cost ratio and faster convergence.

Suppakarnand (2012), carry out studies on the “Total Transfer Capability Enhancement with
Optimal Number of UPFC Using Hybrid TSSA” in IEEE Conference Publications. In the paper,
hybrid tabu-search and simulated annealing (TSSA) with search space managing methods are
proposed to determine the optimal number and allocation of unified power flow controller (UPFC)
to enhance power transfer capability of power transactions between generators and loads in power
systems. Test results on IEEE 118-bus system showed that the proposed hybrid TSSA with optimal
number of UPFC criteria and the split search space managing method give higher than those from
non-split search space method. In also, 2012 Udhaya and Rani presented a paper with the title
“Stability Enhancement of Power System by Optimal Placement of UPFC” in an international
journal of Advanced Engineering Research and Studies. For enhancement of power system
stability, the author introduced two method of optimization like conventional algorithm and
genetic algorithm to determine the optimal location of UPFC. Simulation was done by using IEEE
5-bus test system. From the result both techniques performed better to optimize the FACT device
and genetic algorithm obtained good results than conventional algorithm.

In 2014, Jayanti published a paper on “Solution of multiple UPFC placement problems using
Gravitational Search Algorithm “in international journal of electrical power and energy systems.
The paper presents a heuristic method based on Gravitational Search Algorithm (GSA) to find
optimal number and location of UPFC devices considering generation cost and power system
losses. The performance of GSA is compared for accuracy and convergence characteristics with
heuristic search techniques. The proposed UPFC placement algorithm has been tested on several
test and real-life power systems and some of the results are produced in this paper to establish the
computational ability and robustness of the method.

Shameem et al., (2014) presented a paper on “Fuzzy Based Controller for Dynamic Unified Power

Flow Controller to Enhance Power Transfer Capability” in Energy Conversion and Management
79 652-665. In which, a dynamic model of Unified Power Flow Controller (UPFC) is developed
to improve the power transfer capability (PTC) through the transmission line. The new controller
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of UPFC has been developed based on FL controller. For verification, the performances of FL
based UPFC controller has been compared with Pl based UPFC controller where FL based
controller has outperformed P1 based controller.

Qader (2015) presented on the design and simulation of a different innovation controller-based
UPFC for the enhancement of power quality” The paper provides a comprehensive presentation
of UPFC model in practical circumstances; while the paper also discusses the control strategy and
transient model of the UPFC. The control system presented in the paper was able to control the
voltage flickers/sags; while eliminating the harmonics at the same time. Moreover, a
MATLAB/Simulink model was also established for the UPFC in the environment of Simulink,
once its principles are analyzed. Test results using different power system models were presented
illustrating the effectiveness of unified power flow controller.

Kunal et al, (2015) published on the topic “Available Transfer Capability Enhancement by Unified
Power Flow Controller” in the IEEE Conference Publications. In deregulated electricity market
available transfer capability (ATC) are of great importance. In the paper authors incorporate the
UPFC in power system and enhance the total system flows by using it. Voltage source model of
FACTS devices is incorporated due to its merits over power injection model. A sample 5 bus
system is used for showing results.

In 2016, Sandeep and Shelly, published a paper on “Enhancement of Power Transfer Capability
of Interconnected System by Using (UPFC)”. The paper proposed the use of phasor model of
UPFC to maximize the power transfer capacity of interconnected power systems. The modelling
was done in Matlab/Simulink using test system consisting of 20 bus system incorporating UPFC.
The simulation results give us a clear idea about the uses of UPFC on the interconnection of two
different power system in order to maximize the real power flow between them.

CONCLUSION

In this review, improved artificial bee colony (ABC) would be employed for the optimal location
of UPFC in the network for power loss minimization and voltage profile improvement. The
presence of resonance phenomena in thyristor controlled based FACTS Controllers remains a
major disadvantage. Thus, the VSI based FACTS controllers have better performance in power
networks due to the absence of resonance phenomena.
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