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Abstract: Transmission line power loss minimization and voltage profile improvement are challenging problems in modern power
systems due to continuous increase in load demand. In this paper, an optimal location and sizing of unified power flow controller
(UPFC) to improve the performance of the updated 54-bus 330 kV Nigerian network was presented. Here, the maximum power
loss bus was identified to be the most favorable location for fixing the UPFC under different loading conditions; slightly underloaded
(90%), normal loading (100%) and slightly over loaded (110%). The optimum location was determined using the artificial bee
colony (ABC) algorithm. The work was implemented in MATLAB® 2021b environment and its performance was evaluated based
on the simulation results obtained. The simulation results revealed that, ABC proved to be robust based on the facts that all the
voltage profile that violate + 5% tolerance margin of the nominal voltage criteria were kept within the acceptable limit after the
UPFC optimal deployment. Moreover, the proposed approach also recorded significant reduction in the overall active and reactive
power loss in the entire network with a minimum percentage average active power loss reduction of 45.3% under different loading
conditions.
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l. Introduction

In the past two decades, the rapid development of power electronics has made it possible to design power electronic equipment of
high rating for high voltage systems. Flexible AC transmission system (FACTS) devices have been specifically evolved for modern
power systems applications. Some of the benefits of FACTS devices [1] are: added power flow control, improved power system
stability, increased system reliability, added flexibility in citing new generation and eliminate or deferral of the need for new
transmission lines. In addition, FACTS devices can also minimize transmission losses and secure improved voltage profile. For the
avoidance of doubt, FACTS devices have not been installed in the Nigerian power system and the exploratory research work in
respect of their applications to the Nigerian national grid have not attained maturity. Whilst optimal allocations of distributed
FACTS devices could attract the aforementioned benefits, they lack the capability to insure generation-load balance in the sudden
generation deficiencies frequently experienced in the Nigerian power system.

The operation of electric power system has become more complex due to the continuous growing demand for electricity and the
interconnections of new loads. Furthermore, there are economic and environmental issues that militate against the desired expansion
of modern power system to meet the demand. The consequence is that rapidly growing power systems especially in the developing
countries have operated closer to their maximum power transfer capability limits, with higher probability for system insecurity and
unacceptably low reliability.

Against the backdrop of these operational problems in the Nigerian grid system stated above, there is need to investigate the
application of emerging technologies such as admission of FACTS devices in the Nigerian system to forestall unacceptable voltage
regulation, equipment over loading and in system bus voltage profile enhancement. The increase in electric power demand, together
with environmental constraints and competitive electricity markets has forced most power systems to operate closer to their thermal
and stability limits.

The existing family of FACTS devices include: SVC, STATCOM, static synchronous series compensator (SSSC), TCSC, dynamic
flow controller (DFC), UPFC, etc. Amongst the existing types of FACTS devices, the most versatile is UPFC because of its
capability of controlling the voltage magnitude as well as real power and reactive power flows when appropriately sited in power
system network. From the foregoing overview of FACTS devices, it is clear that modelling of FACTS devices is very critical in
assessing their enhancement capabilities in specific power system network infrastructure of interest.
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There are several ways of modeling the selected class of FACTS devices bearing in mind that the suitability of a model depends on
the specific problem at hand. Some of the three basic modeling techniques are: injection model, total susceptance model and firing
angle model [2]. Each FACTS device is assumed to take a fixed number of discrete values within its permissible range. The power
injection model is a good model for FACTS devices because of its capability for handling the FACTS devices adequately and
conveniently in the power flow computation problem [3].
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Metaheuristic search techniques such as gradient projection method [4], and evolutionary programming (EP) [5], genetic algorithm
(GA) [6], have been implemented for solving the OPF problem. However, the recent findings have identified some deficiencies in
the GA performance. Recently, a new evolutionary computation technique, called artificial bee colony (ABC), has been proposed
and introduced by Karaboga [7]. The ABC algorithm was developed based on inspecting the behaviors of real bees on finding
nectar and sharing the information of food sources to the bees in their hive. The main advantages of the ABC algorithm over other
optimization methods for solving optimization are; ability to handle the objective with stochastic nature [8], simplicity, high
flexibility, strong robustness [9], few control parameters [10], ease of combination with other methods, fast convergence, and both
exploration and exploitation [11].

This paper presents the deployment of UPFC device which minimize losses and improved voltage profile on the update 54-bus
Nigerian 330 kV power system using Artificial Bee Colony optimization (ABC). The technique has also determined the optimal
location and sizing of the UPFC on the network. The proposed algorithm has been tested on the updated 54-bus systems of Nigeria
330 kV power system for both normal and contingent cases.

Il. Literature Review

Literature review is important in bringing the basis and current of any research. This chapter presents the brief theoretical
background about FACTSs devices. The review is divided into two sections: review of the fundamental concepts and a review of
similar work.

2.1 Review of Fundamental Concept

Some of the basic theoretical aspects pertaining FACTS devices and the method of their deployment into the power system were
described in this sub section.

2.1.1 Flexible AC Transmission Devices

Power electronics equipment developed under the name of flexible alternating current transmission system (FACTS) is very popular
in last few years. FACTS device is a static equipment used for the AC transmission of electrical energy. It is meant to enhance
controllability and increase power transfer capability. It is generally a power electronics-based device. There are many types of
FACTS devices, such as: Static VAR compensator (SVC), Static Synchronous Compensator (STATCOM), Static Synchronous
Series Compensator (SSSC), Unified Power Flow Controller (UPFC) etc. The focus of the research is on use of UPFC for loss
minimization and voltage profile improvement, and is briefly discussed as follows.

2.1.2 Unified Power Flow Controller (UPFC)

Several power systems analysis and control schemes have been proposed in the literature on optimal Flexible Alternating Current
Transmission (FACTS) placement in transmission network for the last three decades. Load flow analysis is one of such methods
used to determine the real power, reactive power, losses, power factor, improve voltage stability, enhance voltage profile and
analyze the transients introduced in the system due to occurrence of faults. The FACTS devices such as UPFC are becoming
important in suppressing power system oscillations and improving system damping. The UPFC is a solid-state device, which can
be used to control the active and reactive power [12]. Unified Power Flow Controller isa FACTS device used for improving power
quality in power system as shown in Figure 1.
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Figure 1: UPFC Based Control System [13]
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The UPFC consist of combination of series converter and shunt converter. The DC terminals of shunt devices are connected to a
common DC link capacitor. The shunt converter of the UPFC controls the UPFC bus voltage/shunt reactive power and the dc link
capacitor voltage. In this case, the shunt converter voltage is decomposed in two components. One component is in phase and the
other in quadrature with the UPFC bus voltage. Decoupled control system has been employed to achieve simultaneous control of
real and reactive power flow in the transmission line. The series converter injected voltage is decomposed in to two components.
One component of the series injected voltage is in quadrature and the other is in phase with the UPFC bus voltage. The quadrature
injected components control the transmission line real power flow. This strategy is like that of phase shifter. The in-phase
components control the transmission line reactive power flow. This strategy is like that of a tap changer.

2.2 Metaheuristic Methods

Metaheuristic technique is a solution method that orchestrate an interaction between local improvement procedures and higher-
level strategies to create a process capable of escaping from local optima and performing a robust search of solution space. In the
last decades many optimization techniques for Optimal Power Flow (OPF) have been presented. The main goal for all the proposed
techniques in the literature is to find a better solution efficiently. Some examples of metaheuristic methods are: Ant Colony
Optimization (ACO), Artificial Bee Colony Optimization (ABC), Bee Colony Optimization (BCO), Genetic Algorithm (GA),
Particle Swarm Optimization (PSO), Differential Evolution (DE), Tabu Search Optimization (TSO), Simulated Annealing (SA) etc.

Many studies were dedicated to using metaheuristic optimization techniques including; genetic algorithm (GA), simulated annealing
(SA) [14], particle swarm optimization (PSO) [15]. Other techniques found in the literature include bacterial foraging technique
(BFA), imperial competition algorithm (ICA), moth flame optimization (MFO) etc. are commonly employed to solve power system
optimization problems as they offer high-quality solutions [16], and ant colony optimization (ACO)[17].

2.2.1 Artificial Bee Colony (ABC) Algorithm

The artificial bee colony (ABC) algorithm is a swarm-based metaheuristic optimization technique, developed by inspiring foraging
and dance behaviors of honeybee colonies. ABC consists of four phases named as initialization, employed bee, onlooker bee and
scout bee. The employed bees try to improve their solution in employed bees phase. If an employed bee cannot improve self-solution
in a certain time, it becomes a scout bee. This alteration is done in the scout bee phase. The onlooker bee phase is placed where
information sharing is done. Although a candidate solution improved by onlookers is chosen among the employed bee population
according to fitness values of the employed bees, neighbor of candidate solution is randomly selected [18].

ABC is a population-based optimization algorithm and tries to achieve global minimum or maximum iteratively. The termination
conditions for ABC should be maximum cycle number or acceptable error value. The population in ABC hive consists of three
kinds of bees; employed bees, onlooker bees and scout bee. The employed bees and onlooker bees exploit nectar sources found
around the hive and the scout bee explores the solution space. In ABC algorithm, number of nectar sources around the hive equals
to number of employed bees. Additionally, number of employed bee’s equals to number of onlooker bees. In a cycle, number of
scout bee in ABC algorithm can be one. The ABC algorithm have four phases sequentially realized; initialization, employed bee,
onlooker bee and scout bee phases. The flowchart of ABC algorithm is given Figure 2.

2.3 Review of Similar Works

Some reviews of the methods used in industries regarding voltage stability and how these developments relate to the proposed
method in this research are presented here.

[20] proposed an ABC algorithm for solving optimal power flow problem. The proposed algorithm has been tested on the IEEE 30-
bus, 57-bus, and 118-bus systems. The numerical results have indicated that the proposed algorithm can find high quality solution
for the problem in a fast manner via the result comparisons with other methods in the literature.

[21] proposed Acrtificial Bee Colony Algorithm to solve reactive power / voltage control problem of the Nigerian grid system. The
effectiveness of the developed tool under three different loading scenarios has been tested on standard IEEE 30 bus network and
updated 54-bus Nigeria 330kV grid system modeled in MATPOWER. The goals were achieved with available generating units’
excitation systems and discrete adjustment of tap positions of on-load tap changer of transformers as well as switching of discrete
doses of inductors or capacitors etc at load buses. The approach was able to procure improved voltage profile and significant power
loss reduction for real time online application.
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Figure 2: The Basic Flow Chart of ABC [19]

[22] applied an improved artificial bee colony for unit commitment on the Nigerian power system. The outcome of the results
obtained for the Nigerian Power system applying ABC and iABC to solve the unit commitment problem during weekdays and
weekends shows that iABC returned the lowest cost of N7,776,665 as compared with N9,988,767 for conventional ABC during
weekdays and also that iABC returned the lowest cost of N6,770,112 as compared with N8,839, 001 for conventional ABC during
weekends respectively. Therefore, the improved artificial bee colony performed better than the conventional ABC in terms of fuel
cost minimization.

[23] proposed an Artificial Bee Colony based on Cauchy OBL group to compete with the traditional initial group, selects excellent
individuals to form an improved initial group, and improves the quality and diversity of the population; in the neighborhood search
stage, the Cauchy OBL process is added to improve the global exploration ability of the algorithm. At the same time, it speeds up
the convergence speed, the global optimal solution and multi-dimensional update strategy are introduced. The simulation results
show that the improved algorithm is easy to jump out of the local optimization and has higher search accuracy and faster
convergence speed.

[24] performed load flow analysis on 132 kV Nigerian Grid using Avrtificial Bee Colony. The results of simulations revealed that
the voltages and angles solved by the ABC normal and ABC gbest techniques are closely correlated i.e., not significantly different
from zero, with a p-value of about 0.3033 and 0.2029 respectively with the Pearson T-test; and on the other hand, there exists no
correlation between the ABC normal and ABC controlled technique corresponding to a significant distance from zero. The ABC
gbest also fared better giving the least cost or power mismatch after 15,000 iterations of the load flow simulation.

www.rsisinternational.org Page 21


https://www.rsisinternational.org/journals/ijrias
https://www.rsisinternational.org/journals/ijrias

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (1JRIAS)
RSIS © ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS | Volume VII1 Issue VIII August 2023

[25] investigate the impact of ABC, PSO, BFO and Cuckoo optimization technique on UPFC for sustainable voltage stability. The
results so obtained for tuning PSO, ABC, BFO and Cuckoo Search with UPFC device are compared to know the technique that
yields the best loading parameter for Nigerian 56- bus power system for voltage stability margin enhancement. It is found that
UPFC tuned with Cuckoo Search outperforms the other techniques in terms of the increased loading parameter of the Nigerian
power system with margin improvement of 86.6%, 90% and 88.6% for Adiabor (Bus 45), Jalingo (Bus 34) and Jos (Bus 13). The
tuned UPFC device has proved beyond reasonable doubt that it can improve voltage stability margin of the entire Nigerian 330 kV
Network as envisaged from results before and after optimization

In this paper, the voltage stability improvement of the updated 54-Bus 330 kV Nigerian network is to achieve the possible placement
of UPFC on the network to minimize losses and improve voltage profile using Artificial Bee colony optimization technique, this

will be achieved also by developing an algorithm to suit the appropriate sizing and optimum location of the UPFC device in
MATLAB/SIMULINK environment.

I111. Methodology

The 54-Bus Updated Nigerian 330 kV grid network is characterized with major problems like voltage instability, long transmission
lines and high-power losses which affect power generation and distribution systems. The Nigerian 330kV consists of 54 buses, 12
generating stations, 12 transformer taps, 15 switchable reactors and 36 transmission lines. The single line diagram of 330 kV
Nigerian networks is shown in Figure 3. All data required for running the OPF of this network can be found in [21].
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Figure 3: Updated 54-Bus Nigerian 330 kV Nigerian Network [21]
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3.2.1 Problem Formulation

Optimal deployment of UPFC can be described as an optimization process with nonlinear objective function and nonlinear
constraints. In general, UPFC deployment can be expressed as Eqgn. (1):

Minimize F(x) ..(1)
subjectto  g(x)=0, h(x)<0

where, F(x) is the objective function, g(x) represents the equality constraints, h(x) represents the inequality constraints, and x is the
vector of the control variables varied by a control center operator (generated active and reactive powers, generation bus voltage
magnitudes, etc.).

The objective function is also subject to satisfying the load flow equations (equality constraints) without violating the inequality
constraints. The usual types of inequality constraints are upper bus voltage limits at generations and load buses, lower bus voltage
limits at load buses, reactive power limits at generation buses, maximum active power limits corresponding to lower limits at some
generators, maximum line loading limits, and limits on tap settings. The inequality constraints of the problem include the following.

Generation Constraint: Generator voltages, real power outputs, and reactive power outputs are restricted by their upper and lower
bounds as shown in Egn. (2):

PGimin < PG; < PGimax » PQimin < PQi < PQimax
fori=1, 2, NG, ...(2)

Security Constraint: Voltages at load bus are restricted by their upper and lower bounds as follows:

Viimin <Vii < Vigmax ~ fori=1,2, .., NL -(3)
Where, N . is the number of load buses.
3.3 Implementation of ABC for the UPFC Deployment
There are ten main work functions required for the simulation experiment. It follows the sequence outlined below:
Stepl: Initialize the population of the line power loss and voltage at all the buses.
Step 2: Generate the random number of population input voltage and the power loss.
Step 3: This step evaluates the fitness of the population.
Step 4: Set the iteration count as 1, i.e., iteration 1=1.
Step 5: Repeat
Step 6: The onlooker bee attains the elite fitness function of the bus system and improve the velocity of the populations.
Step 7: Apply the selection process to find the better fitness of the new solutions and determine the probability.
Step 8: In this phase solutions which were not improved those solutions are replaced by the scout bee.
Step 9: Memorize the best solution attained so far.

Step 10: To check the iteration range, if the iteration is not attained the maximum range increase the iteration count, i = i+1 or else
the process is terminated. The procedure is continued until the termination criterion is attained.

Once the above process is finished, the system is ready to produce the maximum power loss bus for the specified loading condition.
Once the UPFC is placed at optimum location given by the algorithm, power loss is minimized, voltage profile is improved thus
power system stability is guaranteed. The initialization parameters for the proposed ABC based method are presented in Table 1.
Figure 4 shows the flowchart implemented for the optimal allocation of UPFC using ABC algorithm.

Table 1: ABC Optimal Parameter Settings

SIN Parameter Value
1 Population size 100

2 Max. number of iterations 200

4 Acceleration coefficient upper bound 1
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1V. Results and Discussions

The proposed method was validated using the 54 bus 330 kV Nigerian network. Discussions on the results obtained were also
presented herein.

4.2 Simulation Results

The proposed ABC algorithm method was tested on the updated 54-Bus Nigerian 330 kV power systems grid. The proposed ABC
algorithm was coded in Matlab R2019a and run on an Intel Core 2 Duo CPU 2.66 GHz processor with 4.0 GB of RAM. The stopping
criterion was based on the maximum number of iterations. The based case OPF of the network was run, where it revealed that bus
5 is optimal target to deploy UPFC. Figure 5 is the Simulink model of the study network.

v

Define ABC parameters and actualize
power system data

v

Create initial population of ABC
within the search space

A4

Run Newton Raphson Power flow & evaluate
objective function for a given population

v

Update the ABC and record the global best fly

No

Is i> iter™

Run final NR power flow with the optimal control device
parameters to compute power loss and voltage profile

Figure 4: Flowchart of ABC Based UPFC Deployment Problem

Three distinctive operating scenarios were considered for the load flow analysis of the 30-bus and the 54-bus systems. These are as
follows: Scenario 1: Under load condition (90%) with and without UPFC, Scenario 2: Normal load condition (100%) with and
without UPFC and Scenario 3: Slightly load condition (110%) with and without UPFC.

Scenario 1: Under Load Condition (90% of the total demand)

Under this scenario, 90% of the total load demand of the 330 kV Nigerian network was considered as the total demand attached to
the network. Power flow analysis was performed to determine the initial steady-state condition of the network using Newton-
Raphson method. Simulation results were then carried to validate the proposed method for the optimal deployment of UPFC using
ABC algorithm. The results for the active and reactive power as well as the voltage magnitude before and after the optimal
deployment were recorded. Figures 6 to 8 shows the simulation results for this case.
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Fig. 6: Active Power Losses with and without UPFC for 90% Loading Condition
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Figure 7: Reactive Power Losses with and without UPFC for 90% Loading Condition

It can be observed from Figure 6 that, the total active power loss reduces from 27.8113MW to 14.3191MW before and after the
optimal deployment of UPFC.

The reactive power loss obtained before the installation of the UPFC is 19.1056Mvar and after incorporating the UPFC it decreases
to 11.8142Mvar. From Figure 8, it can be observed, majority of the bus voltages were moved closer to 1 pu in comparison with
when UPFC was not deployed into the network.
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Figure 9: Reactive Power Losses with and without UPFC for 100% Loading Condition

AT T WV 04Y
; ! | 11
T T
;-'-ma ‘oltage & Current Monltoring t th Respective |

ez}

AL Lo =

|

S/

il

|

.

@
|

GEREGUGE M)

1]

ulty
| |

it
i

|

il

|

L

|

FoTET

il

AAOHTE

P
l

Figure 5: Simulink Model of 54- Bus Network Grid with UPFC Installed at Bus 5
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Scenario-2: With Normal (100%) Load Condition
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Figure 10: Active Power Losses with and without UPFC for 100% Loading
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Figure 11: Voltage Profile Maanitudes for 100% Loading Condition

Power flow analysis was performed to evaluate the initial steady-state condition of the network using Newton-Raphson method.
The simulation results for active and reactive power as well as the voltage profile with and without UPFC optimally deployed can
be seen in Figures 9 to 11. Prior to UPFC installation, a total reactive power loss of 22.2447MVAr was obtained at Bus 5 as shown
in Figure 9. After the optimal placement of UPFC of size 100MVAr at bus 5, it can be seen that the reactive power loss reduced
from 22.2447MVAr to 11.9532MVAr.

From Figure 15, it can be deduced that, the active power loss at branch 5 reduces from 18.2412 MW to 9.8317 MW after the
deployment of UPFC at bus 5. Reduction in active power and before the deployment as seen in Figure 10 were also observed in
other branches of the network. Figure 11 illustrates the bus voltage magnitudes for the 54-bus network system before and after the
optimal deployment of UPFC at bus 5 for the normal (100%) loading condition. As can be seen, prior to the installation of the UPFC
and the application of the ABC algorithm the voltage magnitude at bus 5 is 1.0 pu with the UPFC deployed. Adjustment in the
voltage magnitude at some other buses were observed.

Scenario 3: With Slightly (110%) Load Condition

Reactive Power loss with UPFC/ABC @ 110% loading

Reactive Power Loss(MVar)
a a N N
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Figure 13: Reactive Power Losses with and without UPFC for 110% Loading
Condition
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Figure 12: Active Power Losses with and without UPFC for 110% Loading Condition

The power flow analysis was performed to evaluate the operating condition of the network using Newton-Raphson technique.
Figures 12 to 14 shows the active and reactive power losses under slightly loading condition (110%). It is observed that, the total
transmission power losses increased when compared to the base case due to increase in the power demand.
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Figure 15: Combine plots for 54-bus network with UPFC/ABC
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Figure 14: Voltage magnitude for the slightly loading condition

From Figure 12, it can be observed that, the active power loss obtained before and after the placement of UPFC via ABC at bus 5,
in particular for branch 5 drops from is 19.7441MW to 9.8922MW. Other branches within the network experienced the reduction
in active power losses. From Figure 13, it can be observed that, the reactive power loss obtained before and after the placement of
UPFC via ABC at bus 5, in particular for branch 5 drops from is 25.4985 MVar to 12.4124 MVar. Other branches within the
network experienced the reduction in reactive power losses.

Figure 14 illustrates the bus voltage magnitudes for the 54-bus network system before and after the optimal deployment of UPFC
at bus 5 for the normal (110%) loading condition. Figure 15 shows the comparative voltage profile for 90%, 100% and 110%
loading conditions After the optimal deployment of UPFC at bus 5. As can be seen from Figures 14 1nd 15, prior to the installation
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of the UPFC and the application of the ABC algorithm the voltage magnitude at bus 5 increased from 0.97 pu to 0.985 pu as seen
in Figure 15. Adjustment in the voltage magnitude at some other buses were observed.

~
RSIS V

Also, from Figure 15, it can be observed clearly that at bus 5, that the minimum bus voltage of 0.985 pu was obtained for the slightly
110% loading condition and 1.0 pu for the normal 100% loading condition, and 1.022 pu is obtained for the 90% loading. This can
be concluded that, the lower the loading condition, the better voltage magnitude at the network buses. This clearly shows the
effectiveness for optimally deploying UPFC using ABC on power system network.

Tables 5 and 6 shows the total active and reactive power loss for IEEE-30 Bus System and the updated 54- Bus Nigerian System.
Table 5: Total Active and Reactive Power loss for IEEE-30 Bus System

Load condition Active Power Loss (MW) Reactive Power (MVar)
Without With % Without | With %
UPFC UPFC Decrease | UPFC UPFC
Decrease
Under (90%) 15.8113 0.3191 | 41.06 19.1056 115142 | 39.73
Normal (100%) 17.5992 9.6317 | 45.23 22.2447 11.9532 | 46.26
Slightly (110%) 19.7441 9.8922 | 49.90 25.4985 12.4124 | 51.32

Table 6: Total Active and Reactive Power loss for Updated 54- Bus Nigerian System

Load condition Active Power Loss (MW) Reactive Power (MVar)
Without With % Without | With %
UPFC UPFC UPFC UPFC
Decrease Decrease
Under (90%) 26.6944 15.2562 | 42.84 27.5333 17.7869 | 35.40
Normal (100%) | 28.5574 15.7560 | 44.83 30.5061 18.3440 | 39.87
Slightly (110%) | 31.3859 16.2136 | 48.34 32.7760 18.6118 | 43.22
Average 28.8624 15.7419 | 45.34 30.2718 18.2476 | 39.50

From Table 6, it can be concluded that power loss increases with the percentage loading of the network, and the average percentage
reduction for the active and reactive power loss for the update 54-bus 330 kV Nigerian network with Optimal deployment of UPFC
are 45.34% and 39.50 % respectively. From Table 6 also, the 90% loading condition renders lower reactive power loss with a
minimum of 17.7869 MVar, whereas 100% and 110% loadings render 18.3440 MVar and 18.6118 MVar respectively. The average
active and reactive power loss after the optimal deployment of UPFC at bus 5 were recorded as 15.7419 MW and 18.2479 MVar,
which corresponds to the percentage reduction of 45.34 % and 39.50 % respectively.

Voltage Magnitude Comparison
T T T

T T T T

——®— With UPFC/ABC (100% Loading)

=t With UPFC/ABC (110% Loading)
With UPFC/ABC (90% Loading)

Voltage Magnitude(P.U)
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8 12 16 20 24 28 32 36 40 46 50 54
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Figure 16: Combine plots for 54-bus with UPFC
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Fiaure 17: Converaence Characteristics for ABC Ontimization

Figure 16 illustrates the voltage profile improvement for the 54-bus network rendered by the ABC optimization algorithms after
UPFC deployment for different loading conditions.

From Figure 16, it is clearly seen that all bus voltages remain within the permissible limit of 0.9 pu to 1.1 pu, no violation was
observed after the optimal deployment of UPFC. Figure 17 shows the overall convergence characteristics for ABC Optimization
for the updated 54-bus 330 kV Nigerian network. As can be seen from Figure 17 it takes only 62 iterations for the simulation to
reach the point of convergence for both the three scenarios. This signifies a stable and quick convergence with a global optimal
solution for UPFC placement.

V. Conclusion

In this work, the ABC algorithm is successfully applied for solving the OPF problem. The ABC algorithm was based on the foraging
behavior of honey bees for finding global solutions for optimization problems. The advantages of the proposed algorithm are
robustness, fast calculation, flexibility, and few setting parameters. The proposed method was deployed into the updated 54-bus
330 kV Nigerian network. UPFC was successfully deployed in to the two networks at bus 5 each, and having a rating of 100 MVar.
The simulation takes only 62 iterations for the simulation to reach the point of convergence for both the three scenarios. This
signifies a stable and quick convergence with a global optimal solution for UPFC placement. From the simulation results, the
following conclusions can be drawn:

i) The power loss increases with the percentage loading of the network, and the average percentage reduction for the active and
reactive power loss for the update 54-bus 330 kV Nigerian network with optimal deployment of UPFC are 45.34% and 39.50
% respectively.

ii) That all bus voltages remain within the permissible limit of 0.9 pu to 1.1 pu, no violation was observed after the optimal
deployment of UPFC.

Therefore, the proposed ABC algorithm can be a favorable method for solving OPF problems in power systems.
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