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Abstract: The increasing demand for electricity has put a strain on existing power transmission and
distribution systems. As a result, utilities are often forced to overload their existing systems, which
can lead to voltage instability, transmission line congestion, and even blackouts. To fix these problems,
flexible AC transmission system controllers (FACTs) can be used. This paper deals with two objectives:
minimizing voltage deviation and real power losses, and the minimization has been performed using
the multi-objective artificial bee colony algorithm (MOABC). UPFC has been optimally placed on the
IEEE bus-39 system. The proposed work is implemented through MATLAB coding.

Keywords: multi-objective; Multi-Objective ABC Algorithm (MOABC); UPFC controller; IEEE-39
bus system

1. Introduction

The power grid in many parts of the world is struggling to keep up with the increasing
demand for electricity. Therefore, utilities are often overloading their existing capacity,
causing problems like transmission line losses and voltage instability. The integration
of FACTs controllers will help reduce power losses, improve voltage stability, and man-
age congestion in electrical grids [1,2]. FACT devices should be strategically placed at
locations where they can control the power flow and minimize transmission losses the
most. Determining the best location for UPFC poses a significant challenge, even when
solely considering steady-state conditions. Achieving optimal UPFC placement requires
evaluating all potential system configurations and considering the range of possible control
settings [3].

In recent research [4], a hybrid approach has been suggested to enhance stability by
determining the optimal placement and size of UPFC. In this method, the bus with the
highest losses is recognized as the best location for installing the UPFC. Laifa, et al. [5]
have proposed a modified particle swarm optimization technique to determine the op-
timal placement and parameter configuration of the UPFC device. The objective was to
improve the system’s performance by mitigating overloaded lines. Mahadevan, et al. [6]
have incorporated a hybrid algorithm combining the ABC algorithm and the differential
algorithm to achieve the best location of FACTs controllers on the IEEE bus-30 system. A
genetic algorithm has been proposed as a solution for the optimal placement problem of
UPEC [7]. Dominguez-Navarro, et al. [8] have demonstrated the utilization of evolutionary
strategies for the optimal setting of control variables in FACTS. In this study, we employed
a multi-objective ABC algorithm (MOABC) to minimize voltage deviation and power losses.
The decision to employ the MOABC algorithm was primarily based on its capability to
provide high-quality solutions and rapid convergence for single-objective optimization.
The convergence of multiple objectives was analyzed by examining the Pareto front.
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2. Problem Formulation

This research focuses on optimizing the location and parameter settings of the UPFC
by utilizing a MOABC algorithm. The objective functions considered are reducing voltage
deviation and minimizing power losses. Equations (1) and (2) are employed to minimize
the total voltage deflection and actual power losses, respectively.
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where VD represents voltage deviation, Ploss represents actual power losses, nbranch
represents the number of lines, G; represents conductance of the line, nPQ represents the
number of load buses, and V; representsthe voltage at the terminal buses of k and m of the
ith line.

2.1. UPFC Modeling

The Unified Power Flow Controller (UPFC) is a crucial element in FACTs. It possesses
the capability to regulate both active and reactive power transmission. The accompany-
ing illustration, depicted in Figure 1, showcases the relevant equivalent schematic. The
arrangement encompasses a pair of switching converters, which establish connections to
the power system by coupling transformers. One converter is situated in series between the
sending and receiving ends, while the other is connected in parallel at the sending end [9].
The steady-state model of the UPFC is derived using its equivalent circuit, which can be
found in Figure 2 and power flow equation from Figure 3.
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Figure 1. UPFC Device.
- - -
F 4 - s 7

| 1 ~(NDO>——
L 3D

Figure 2. Equivalent Circuit of UPFC.
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where I,=1, — 1.
These are the control parameters of UPFC that are to be optimized.

LUPFC — [Vse 5531,,}

In the given context, Vs, represents the voltage injected into the transmission line, while
Jse represents the angle associated with this voltage. Ig pertains to the reactive current in
the shunt component of the UPFC. The values of V., ds., and Iq are selected within certain
limits imposed by physical and economic constraints. By using these control variables,
power injection by UPFC is possible. The power injection equations and modification of
the Jacobean are taken from [5].

2.2. Multi-Objective ABC Algorithm (MOABC)

In numerous engineering problems, it is difficult to encounter optimization problems
that involve multiple objective functions. The objective is to discover solutions that strike a
balance between these objectives [10]. Multiple techniques exist for multi-objective opti-
mization, encompassing sub-population, Pareto-based, and hybrid methods. While various
approaches are available, a significant portion of the research in this field concentrates on
Pareto-based methodologies. Nevertheless, there exist a handful of strategies that utilize
the behavior of honeybees to optimize multi-objective problems [11]. The ABC algorithm
has recently introduced evolutionary methods [12,13]. The ABC algorithm demonstrates
its suitability for multi-objective optimization primarily due to its high-quality solution
and fast convergence rate observed in single-objective optimization. In this paper, we have
used a method called the multi-objective artificial bee colony, which incorporates various
types of bees and an archive to preserve excellent solutions [5]. The parameters of MOABC
for optimization are shown in Table 1

Table 1. Parameters for MOABC.

Parameters Values
Colony size 40
Max Iterations 50

Archive Size 15
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2.3. Selection of the Optimal Location and Parameter Settings of the UPFC

In this study, four variables are optimized. First is the location of UPFC, which can be
anywhere in the line. Second is the series voltage (Vse), which ranges from [0.001 to 0.1]; third
is the phase angle (Js.) of series voltage source, which ranges from [0, 27t]; and fourth is the
shunt reactive current (Ig), which ranges from [—0.10, 0.10]. The UPFC data is taken from [8].

3. Results

The IEEE bus-39 system has been adopted. It is comprised of 46 branches, 10 generator
buses, and 29 load buses. Table 2 shows the optimal parameter values given by the ABC
Algorithm. Results from Figure 4a show real power losses before and after the optimal
placement of UPFC on each branch. Results from Figure 4b show that voltage deviation
was also reduced on each load bus. The total voltage deviation after UPFC was reduced to
16.7%, while losses were also reduced considerably. Overall, the results demonstrate that
the optimal placement of UPFC improves the efficiency of the system and minimizes real
power losses. The successful results obtained from the optimal placement of UPFC in the
39 bus system highlight the effectiveness of this technology in addressing key challenges
faced by power systems. The reduction in real power losses and voltage deviation has
significant implications for the overall efficiency, reliability, and stability of the system. By
strategically placing UPFC devices, the system can effectively manage power flow and
voltage profiles, minimizing losses and maintaining voltage stability.

Table 2. Optimal location and parameter settings obtained by multi-objective ABC.

Location Vse Ose Igq

24 0.063 21.18 —0.022
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Figure 4. Cont.
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Figure 4. (a) The graph depicting real power losses before and after the implementation of the UPFC
device reveals reductions in losses at each line. The blue bar shows real power losses before UPFC,
and the yellow bar shows them after UPFC. This outcome demonstrates the effectiveness of the
UPFC in improving system efficiency and minimizing power loss. (b) This outcome signifies the
successful role of the UPFC in regulating and stabilizing the system voltage, leading to improved
voltage profiles and minimized deviations across the system. The blue line shows voltage deviation
before UPFC, and the red line shows voltage deviation after UPFC. (c) Convergence graph for real
power loss and voltage deviation, where Objective 1 represents Real Power losses and Objective 2

represents Voltage deviation.

The Pareto front obtained for the optimization of actual power loss and voltage
deviation is presented in Figure 4c. The Pareto front showcases the trade-off between the
two objectives, providing a range of non-dominated solutions.



Eng. Proc. 2023, 46, 33 60f6

4. Conclusions

In conclusion, the multi-objective ABC algorithm has been implemented for optimal
allocation and parameter settings of UPFC to minimize actual power losses and voltage
deviation on the standard 39 bus system. The optimal allocation of UPFC has proven to be
highly effective in reducing both real power losses and voltage deviation within a power
system. By strategically placing UPFC devices at suitable locations, we have achieved
significant improvements in the overall efficiency of the system. Furthermore, the method
used in this paper is effective for solving multiple objectives.
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