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Abstract — This paper presents a study that introduces the Pelican Optimization Algorithm (POA)
as an innovative approach for the strategic deployment of Distribution Static Synchronous
Compensators (D-STATCOM) in distribution systems. The primary objectives are to reduce losses
and enhance voltage profiles in radial distribution systems. The proposed approach is validated on
both the IEEE 33-bus and IEEE 69-bus systems through comprehensive simulations using MATLAB
software. The results demonstrate exceptional performance, showcasing a remarkable 29.40% and
32.30% reduction in active power losses for the respective systems. Furthermore, a comparative
analysis against recent methods from the literature highlights the superior efficacy of the POA
algorithm, revealing reductions of 29.15% and 32.00% in active power losses for the IEEE 33-bus
and IEEE 69-bus systems. These findings substantiate the efficiency of the POA algorithm in
strategically positioning and sizing D-STATCOM, making significant strides toward minimizing
losses and improving voltage profiles in distribution systems. In summary, this study provides
valuable insights into the field of power systems optimization, offering a pioneering solution for the
effective deployment of D-STATCOM to enhance the overall performance of distribution networks.
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1. Introduction

The escalating demand for electricity has underscored
the paramount importance of ensuring the efficiency and
reliability of distribution systems [1]. This imperative is
further intensified by the integration of renewable energy
sources, evolving load patterns, and the imperative to
mitigate environmental impact, necessitating the
evolution of sophisticated methodologies to optimize the
operation of power distribution networks [2]. A pivotal
facet of this optimization process revolves around
strategically determining the placement and dimensions of
devices aimed at augmenting system performance [3]. In
this realm of devices, the Distribution Static Compensator
(D-STATCOM) has emerged as a formidable instrument
for bolstering system voltage stability, curtailing power
losses, and elevating the overall quality of power supply
within radial distribution systems [4]. Nevertheless, it is
imperative to underscore that the efficacy of the D-
STATCOM is intricately linked to its judicious placement

and sizing within the distribution system [5]. The
optimization of this aspect becomes paramount in
navigating the intricate landscape of modern power
distribution, where a delicate balance must be struck to
accommodate diverse energy sources, adapt to fluctuating
demand, and uphold environmental considerations, all
while meeting the burgeoning need for electricity with
unwavering reliability. As the quest for sustainable and
resilient power distribution intensifies, the strategic
deployment and dimensioning of devices, particularly the
D-STATCOM, emerge as linchpins in shaping the future
landscape of efficient and eco-friendly electrical grids.
The recent trajectory of research has been directed
toward the utilization of metaheuristic algorithm-based
approaches to optimize the placement and sizing of
Distribution Static Compensators (D-STATCOM) for
maximal advantages [6]. A notable example is the work of
Baseem Khan et al., who introduced a bacterial search
algorithm-based (BSA) approach aimed at optimizing the
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integration of D-STATCOM within distribution systems to
enhance overall system efficiency [7]. Similarly, S. F.
Mekhamer et al. pioneered a grey wolf optimization
algorithm-based (GWOA) technique for the optimization
of D-STATCOM placement in distribution systems,
demonstrating a commitment to advancing methodologies
in this domain [8]. Furthermore, Devabalaji Kaliaperumal
Rukmani et al. employed the Cuckoo Search Optimization
algorithm to strategically place and size multiple D-
STATCOMs within radial distribution systems [9].
Despite these advancements, it is noteworthy that many of
these algorithms exhibit limitations, particularly when
applied to large optimization systems, leading to the
generation of suboptimal solutions [10]-[11]. This
limitation raises concerns about the effectiveness of
existing techniques in distribution systems characterized
by varying sizes, as the attained solutions may not
guarantee global optimality [12]-[13]. Consequently, there
is a pertinent need to explore alternative algorithms that
may offer more robust and globally optimal solutions for
the intricate task of optimizing the placement and sizing
of D-STATCOMs in distribution systems, thereby
advancing the state-of-the-art in this crucial area of power
system optimization.

In this research, a pioneering strategy is introduced to
tackle the intricate challenge of determining the optimal
placement and dimensions of a Distribution Static
Compensator (D-STATCOM) within a radial distribution
system. The innovative approach leverages the Pelican
Optimization Algorithm, a metaheuristic inspired by the
foraging behavior of pelicans, to effectively address this
complex optimization problem [14]. The fundamental
goals of this study revolve around the dual objective of
minimizing both active and reactive power losses within
the distribution network, while concurrently improving
the voltage profile. By achieving these objectives, the aim
is to establish an efficient and reliable power supply within
the distribution system [15]. The utilization of the Pelican
Optimization Algorithm signifies a departure from
conventional methods, offering a promising avenue for
optimizing the placement and sizing of D-STATCOM
devices in radial distribution systems, with the ultimate
goal of enhancing the overall performance and resilience
of the power supply network.

The evaluation of the efficacy of the proposed method
is conducted on the IEEE 33-bus and 69-bus radial
distribution systems, selected as test platforms for this
purpose [16]-[17]. The decision to employ these particular
systems is underpinned by their established status as
widely recognized testbeds within the realm of power
systems research, serving as benchmarks for evaluating
the performance of various optimization techniques [18].
Through the utilization of these benchmark systems, our
study seeks to offer substantial contributions and insights
into the practical application of metaheuristic algorithms
for addressing real-world challenges in power distribution.
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By leveraging the IEEE 33-bus and 69-bus configurations,
our research endeavors to enhance the understanding of
how these metaheuristic approaches can effectively
optimize the placement and sizing of Distribution Static
Compensators (D-STATCOM) in radial distribution
systems, providing valuable knowledge and paving the
way for advancements in the field of power system
optimization. The deliberate choice of these well-
established test platforms aligns with our commitment to
rigorously assess and validate the proposed approach in a
context that mirrors the complexities of real-world power
distribution scenarios.

This paper provides a thorough examination of the
optimization problem formulation, elucidating the
intricacies involved in designing the Pelican Optimization
Algorithm and its incorporation into the placement and
sizing of the D-STATCOM device. Additionally, a detailed
presentation of the results obtained is offered, highlighting
the noteworthy reductions in both active and reactive
power losses, along with enhancements in the voltage
profile of the distribution systems. Furthermore, a
comparative analysis is undertaken, juxtaposing the
outcomes of the proposed method with existing works in
the literature [8]. This comparative assessment serves to
underscore the superior performance of the developed
approach, affirming its efficacy in optimizing the
placement and dimensions of the D-STATCOM for
enhanced efficiency and reliability in power distribution
systems.

The subsequent sections of this paper are organized as
follows: Section 1I provides a detailed exposition of the
problem formulation, encompassing the mathematical
representation of the D-STATCOM placement and sizing
issue. In Section III, the Pelican Optimization Algorithm
is expounded upon, elucidating its adaptive characteristics
and proficiency in navigating the solution space. Section
IV articulates the simulation setup and presents results
pertaining to loss reduction and voltage enhancement. A
comprehensive  comparative analysis  with  other
optimization methods from the literature is offered in
Section V. Finally, Section VI concludes the paper by
summarizing contributions and outlining potential
avenues for future research.

II. Problem Formulation

The Distribution Static Synchronous Compensator (D-
STATCOM) is a crucial power electronics device that
significantly enhances the quality of electrical power
systems [19]. At its core lies a Voltage Source Inverter
(VSI) guided by a sophisticated algorithm, generating
compensatory currents to alleviate power quality issues
like voltage sags, swells, flicker, and harmonics [20].
Certain  DSTATCOMSs integrate energy storage
components for swift response and heightened reliability
[21]. Continuous monitoring of grid parameters is
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facilitated through sensors and measurement devices, with
DSTATCOMs seamlessly integrated into the grid's
control and communication network for remote
monitoring and coordination with other grid equipment
[22]. This comprehensive modeling approach ensures the
DSTATCOM's capability to sustain efficient, high-
quality, and dependable electricity distribution. The
mathematical intricacies of the D-STATCOM are
meticulously outlined in [23].

In the context of this study, the D-STATCOM is
conceptualized as a shunt-connected reactive load with
reverse reactive power flow, injecting reactive power into
the distribution system at the connected bus [24]. The
primary focus is on furnishing flexible reactive power
compensation through the D-STATCOM, with the active
power component assumed to be zero [7]. Fig. 1 vividly
illustrates the seamless integration of the D-STATCOM at
bus j within a given distribution system, exemplifying its
role and impact in optimizing power quality and
distribution.

Vi Vj

Zij = Rij+inj
T -

Qp-srar ZT l
Pi+jQ

Pi+jQi

D-STATCOM

i

Fig. 1. Illustration of D-STATCOM integrated at bus

By incorporating the D-STATCOM at bus j, the
reactive power at this location undergoes a transformation
to Qjnew, as outlined in equation (1) [25]. This conceptual
framework assumes a shared functionality among all shunt
reactive compensators, emphasizing their collective
responsibility in infusing reactive power into the power
system at the respective connected bus [26]. The
integration of the D-STATCOM plays a pivotal role in
altering the reactive power dynamics, with the expressed
value denoted as Qjnew, as detailed in equation (1). It is
essential to underscore the common purpose shared by
shunt reactive compensators, underscoring their role in
augmenting reactive power levels within the power system
at the connected bus [26].

anew = Qj — Qp—srar (D
Where; Qjnew is the new reactive demand at bus j after
integrating the compensator, Q; is the reactive power at

bus j before the integration, and Qp.star is the D-
STATCOM size (amount of reactive power injected).
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Q{)n—nbl'TATCOM = QD—STATCOM = er)n—a;TATCOM (2)

This study concentrates on enhancing power delivery
efficiency by effectively minimizing power losses and
enhancing system voltage. The problem is articulated by
formulating an objective function grounded in both the
collective active power losses and overall voltage
deviations of the system. Specifically, the objective
function is derived from the total active power losses of
the system, as delineated in equation (3). The primary goal
is to systematically address and mitigate power
inefficiencies while concurrently improving voltage
stability across the system. The formulation of the
objective function integrates both active power loss
reduction and voltage deviation minimization as crucial

elements in achieving enhanced power delivery
efficiency.
fi=XV"1P ij 3)
— 2
Pij = Ryj X I )

Where R;j, and I;; are the line resistance and line

current respectively.

The sum of the system voltage deviations at the various
busses is expressed in (5) as the second component of the
problem formulation.

f2 =ZIiV=1|Vref _Vll (5)

Where; Vo5 is the reference voltage taken as 1p.u, V;
represents the voltage at bus 7, and N represents the total
number of buses.

Vimin < Vl < Vimax (6)
The objective function is expressed as the algebraic

sum of (1) and (5) in their per-unit forms to ensure equal
treatment. It is therefore expressed in (7) as follows.

f
Fa __ J1(comp)

fz(camp)
;= +
bj fl(base)

(M

fz(base)

Where; fi(comp)y and fcomp) represent the total
system active power losses and the total voltage deviation
with the D-STATCOM connected. And fl(base) and

fz(base) represent the total system active power losses
and the total voltage deviation without the D-STATCOM
connected.

The Pelican Optimization Algorithm (POA) is
employed for the optimal placement and sizing (in KV Ar)
of the D-STATCOM in a radial distribution system. The
objective is to minimize the value defined in equation (7).
To assess the power distribution system parameters, a
backward/forward sweep load flow (BFLF) analysis [27]
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is conducted. This approach integrates the POA to
strategically position and size the D-STATCOM within
the radial distribution system, with the aim of enhancing
system performance and minimizing the specified
objective function according to the parameters derived
from the BFLF analysis.

A.  Backward/Forward Sweep Load Flow (BFLF)

The determination of distribution system parameters is
facilitated  through the implementation of the
Backward/Forward Sweep Load Flow (BFLF) method, a
well-suited approach for analyzing power distribution
networks. Its efficiency lies in faster convergence and
relatively lower computational complexity [28], making it
particularly applicable in this study. The BFLF algorithm
is an iterative process comprising key steps: initialization
involves presetting all bus voltages to 1p.u. Following
that, the Backward Sweep calculates current flows from
the end node back to the source node. Subsequently, the
Forward Sweep recalculates new bus voltages, updating
previous values from the source node towards the end
nodes. This iterative Backward/Forward process is
repeated until convergence is achieved. For a
comprehensive understanding of the mathematical
intricacies of the BFLF in distribution systems, refer to
[29]. This method offers a systematic and computationally
efficient means of load flow analysis, ensuring accurate
determination of distribution system parameters crucial
for subsequent optimization efforts.

The BFLF algorithm method steps are summarized
below:

1. Initialization: first, all the bus voltages are preset
to 1p.u.

2. Backward Sweep: the current flows are
calculated starting from the end node backward
towards the source node.

3. Forward Sweep: new bus voltages are calculated
to update the previous voltages starting from the
source node forward towards the end nodes.

4. Steps 2 and 3 are repeated till convergence is
obtained.

III. The Pelican Optimization Algorithm
(POA)

The Pelican Optimization Algorithm (POA) is an
innovative optimization approach inspired by the
collective behavior of pelicans; water birds known for
their collaborative hunting strategy. Derived from the
pelicans' hunting behavior, POA addresses optimization
problems by simulating the cooperative and competitive
dynamics within a pelican group aiming to catch fish [30].
In this algorithm, pelicans play a pivotal role as integral
members of the population, each representing a potential
solution to the optimization problem. These individuals
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contribute values for the problem's variables based on
their positions within the search space.

At the outset of the algorithm, the population members
are initialized with random values falling within the
predefined lower and upper bounds of the optimization
problem, as outlined in equation (8). The randomness in
the initial values introduces diversity into the population,
reflecting the varied strategies employed by pelicans in
their collective hunting endeavors. As the algorithm
progresses, the pelican-inspired optimization process
unfolds, incorporating collaboration and competition
among population members to iteratively refine the
solutions. The algorithm leverages the inherent
adaptability observed in pelican groups, where individual
members continuously adjust their strategies in response
to the evolving collective dynamics, ultimately
contributing to the algorithm's ability to efficiently
navigate and converge toward optimal solutions in the
search space.

xl-/ = l] + (u} - l]').rand, i= 1,2, ,N
j=12..,m ®)

In the context of this description, the symbol x;;
denotes the value of the jth variable associated with the ith
candidate solution. The parameters N and m correspond to
the population size and the number of problem variables,
respectively. Additionally, l]- and U; signify the lower and
upper bounds of the search interval for variable j. The term
“rand” represents a randomly generated value within the
interval [0, 1]. These components collectively define the
characteristics of the candidate solutions, population size,
variable count, and the search space constraints essential
for the optimization algorithm.

The POA emulates the tactics of pelicans during prey
attacks to refine candidate solutions. This simulated
hunting strategy unfolds in two distinct stages (exploration
phase, and exploitation phase), replicating the sequential
approach employed by pelicans in their pursuit and
capture of their prey.

i. Exploration Phase (moving towards pray)
ii. Exploitation Phase (Winging on the water
surface)

Exploration Phase:
The pelican movement towards the location of prey is
mimicked to develop an exploration update operator
presented in (9) as follows.
xP1 = {xij +rand.(p; — I.x;j), F,<F ©
Y X;j + rand. (xl-j - pj), else

The new state of the i pelican in the j” dimension

during the exploration is denoted by x{}l The variable, [ is
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a random integer of either 1 or 2, while p; represents the
prey’s location in the jth dimension, and F, is its
corresponding objective function value. Throughout the
exploration phase, the optimal pelican is tracked using
(10) as the updating technique.

P1
%=l

i

P1
F <F; (10)
else

Where; XF! is the new status of the pelican in the i
dimension, and Ff* is its objective function value based
on the exploration phase. X; is the present status of the
pelican in the ith dimension, while F; is its objective
function value.

Exploitation Phase:

The mathematical representation of the exploitation
phase update operator, as defined in equation (11),
emulates the pelicans' behavior of extending their wings
across the water surface to extract prey, specifically fish.
This model captures the essence of how pelicans
efficiently manipulate their wings during the hunting
process.

xf? = x; +R. (1 ——) (2.rand - 1).x;;  (11)

Where; xf? signifies the updated state of the i" pelican
along the j* dimension. The constant R, maintaining a
fixed value of 0.2, remains a key factor which was
determined in reference [30]. Additionally, ¢ and 7 denote
the iteration count and the maximum number of iterations,
respectively. Notably, the exploitation process mirrors the
exploration phase, employing an identical updating
mechanism illustrated in equation (12). This ensures
consistency in computational procedures.

P2 P2
X = {Xi , F’* <F; (12)
X;, else

Where; XF? is the new status of the pelican in the i
dimension, and FF? is its objective function value
determined based on the exploitation phase.

The implementation process of the POA is
systematically presented in the flowchart in Fig. 2. The
process represents the standard guide for adoption for
application in any optimization problem.

It is relevant to note that, just like most other
metaheuristic algorithms, the POA stoppage criteria is
based on the maximum number of iterations which is
predetermined to be 1000 iterations in [30]. However, it
has been established that the POA produces good
convergence results within the iteration range of 100 to
1000 iterations depending on the optimization problem.
Hence it is recommendable to set the maximum iteration
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to 1000 as the stoppage and convergence criteria when
applying the POA to solve optimization problem.

‘ Input Problem Information ‘

v

‘ Determine Parameters N and T ‘

v

‘ Generate Initial Population ‘

v

‘ Calculate Objective Function Values ‘

‘ Generate Prey at Random ‘

|
>

Calculate X;;** using (9) ‘

Update X; using (10) ‘
|

Calculate X;" using (11) ‘

‘ Update X; using (12) ‘

I

‘ Save best candidate solution so far

.;_,.,_

‘ Output best candidate solution

Fig. 2. Implementation Flowchart of POA

IV. Results and Discussion

In this segment, we assess the proposed POA-based
methodology by implementing it on the widely recognized
IEEE 33-bus and IEEE 69-bus systems. The primary aim
of this evaluation is to integrate a singular D-STATCOM
into the system, aiming to mitigate overall losses and
enhance the voltage profile. The examination is carried out
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using MATLAB R2019a software on an HP Pavilion
laptop featuring 4 gigabytes of RAM and an AMD
processor operating at a clock speed of 2.0 GHz. The
specified POA parameters for this evaluation include
setting the number of search agents to 30 and establishing
a maximum iteration limit of 1000 as the convergence and
stoppage criteria. The assessment involves scrutinizing the
impact of these parameters and the D-STATCOM
integration on system performance, focusing on loss
reduction and voltage profile enhancement. The chosen
IEEE bus systems serve as robust test cases to validate the
effectiveness of the proposed POA approach in optimizing
power system performance.

The radial distribution network of the IEEE 33-bus
system is characterized by 33 nodes, 32 power lines, a base
voltage rating of 12.66 kV, and an overall capacity of 100
MVA [16]. This system supports a collective load demand
of3.72 MW and 2.3 MV Ar, with a combined active power
loss of 202.67 kW and reactive power loss of 135.14
kVAr. Detailed information about the IEEE 33-bus system
can be explored in [16], providing a thorough
understanding of its configuration and operational
parameters. For a visual depiction, refer to Fig. 3, which
provides an illustrative representation of the IEEE 33-bus
system, capturing its essential components and
configuration.

19 20 21 22

26 27 28 29 30 31 32 33
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F

10 11 12 13 14 15 16 17 18

LB L Ll
FEF R R RRRRR R

23 24 5

2 6 7

D

1

Fig. 3. Single Line Diagram of IEEE 33-bus System

Table I presents the results of the conducted
experiment on the IEEE 33-bus system. The table provides
details on the dimensions and locations of the D-
STATCOM, overall active power losses, the percentage
reduction in active power losses, total reactive power
losses, the percentage reduction in total reactive power
losses, and the minimum bus voltage within the system.
These findings offer a comprehensive overview of the
impact of integrating the D-STATCOM on various key
parameters, shedding light on its effectiveness in
minimizing both active and reactive power losses while
maintaining voltage stability across the system.
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TABLE I

RESULTS OF POA APPROACH ON IEEE 33-BUS SYSTEM

IEEE 33-bus Base Case Proposed POA
Size / kVAr
(location) - 1237 (30)
Real Power /P
Loss, (kW) 202.67 143.1
% P Loss
Reduction - 29.40
Reactive Power
(Q) Loss (kVAr) 135.14 96.0
% Q Loss
Reduction - 28.96
Min. Voltage 0.91309 0.926

As per the information presented in Table I, the
application of the proposed POA method successfully
positioned a singular D-STATCOM at bus 30, providing
compensation with a capacity of 1237 kVAr. This
strategic placement resulted in a significant reduction in
the overall active power loss within the system,
diminishing it to 143.1 kW and marking a substantial
29.40% decrease. Simultaneously, the total reactive power
loss experienced a noteworthy decrease, reaching 96.0
kVAr, reflecting a substantial reduction of 28.96%. The
system's voltage profile exhibited a commendable
enhancement, with the minimum voltage registering at
0.926 p.u, as visually represented in Fig. 4. These
outcomes underscore the effectiveness of the proposed
POA method in optimizing system performance by
mitigating power losses and improving voltage stability.

Voltage Profile of IEEE 33-bus

Without D-STATCOM
With D-STATCOM
© D-STATCOM Location

o
©
©

o o o o
© © © ©
@ o N @

Voltage (p.u)

=3
©
b4

0 5 10 15 20 25 30 35
Bus

Fig. 4. Voltage Profile of IEEE 33-bus System

In order to assess the efficacy of the POA methodology
introduced in this investigation, a comprehensive
comparison has been conducted with recent advancements
in the optimal placement of D-STATCOM. This
comparative analysis, presented in Table 11, evaluates the
performance of the POA approach in relation to both the
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modified Grey Wolf Optimization Algorithm (mGWOA)
and the Bat Algorithm (BA) technique [8]. This
comparison aims to provide insights into the relative
effectiveness of the POA approach by juxtaposing its
outcomes with those of well-established optimization
algorithms in the field.

TABLE II
RESULTS OF POA COMPARED WITH OTHER TECHNIQUES

IEEE 33-  Base Proposed

bus Case BA mGWOA POA
Size/
kVAr
(location) - 1150 (30)  1252.5(30) 1237 (30)
Real
Power /P
Loss, (k) 202.67 138.45 143.5 143.1
% P Loss
Reduction - 28.97 29.15 29.40
Reactive
Power (Q)
Loss 135.14 96.47 96.0 96.0
(kVAr)
% Q Loss
Reduction - 28.67 29.0 29.0
Min. 0913 0.924 0.930 0.931
Voltage

The innovative POA method showcased remarkable
effectiveness when compared to the alternative
techniques, exhibiting a notable 29.40% decrease in active
power losses and a substantial 29.00% reduction in
reactive power losses through the application of a total
compensation capacity of 1,237 kVAr. In contrast, the
mGWOA method demonstrated a 29.15% decrease in
total active power losses and a 29% reduction in reactive
power losses, employing a total compensation capacity of
1252.5 kVAr. Similarly, the BA approach yielded a
28.97% reduction in total active power losses and a
28.67% reduction in reactive power losses, utilizing a total
compensation capacity of 1150 kVAr. Noteworthy is the
fact that the proposed POA method surpassed existing
methods in the literature, achieving a higher percentage
reduction in power losses despite employing a smaller
reactive compensation capacity. This underscores the
efficiency of the POA approach in optimizing power
distribution systems, offering superior performance in
terms of minimizing both active and reactive power losses
compared to the mGWOA and BA techniques. The
findings highlight the potential of the POA method as a
valuable tool for enhancing the overall efficiency and
reliability of power networks.

The effectiveness of the newly introduced POA
methodology was further assessed through its application
to the IEEE 69-bus system, a radial distribution network
characterized by 69 buses and 68 lines. This system
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operates with a base voltage of 12.66 kV and possesses a
power capacity of 100 MVA. Detailed information about
the IEEE 69-bus system can be explored in [18], providing
a thorough understanding of its configuration and
operational parameters. For a more illustrative depiction,
refer to Fig. 5, which presents a visual representation of
the IEEE 69-bus system. This evaluation on a real-world
power distribution network enhances the applicability and
reliability of the proposed POA approach, offering
insights into its performance within a complex and
established electrical infrastructure. The IEEE 69-bus
system serves as a robust testbed, allowing for a
comprehensive analysis of the POA method's capabilities
and potential contributions to optimizing power
distribution networks.

36 37 38 39 40 41 42 43 44 45 46

3\ 5 67 8 9NI0O11\1213 14 1516 17 18 19 20 21 22 23 24 25 26 27

53 54 55 56 57 58 59 60 61 62 63 64 65

28 29 30 31 32 33 34 35

Fig. 5. Single Line Diagram of IEEE 69-bus System

The outcomes of the proposed POA methodology's
performance on the IEEE 69-bus system are encapsulated
in Table III. This table illustrates the optimization results
specifically in the placement of a singular D-STATCOM,
aiming to achieve optimal system performance.

TABLE III
RESULTS OF POA APPROACH ON IEEE 69-BUS SYSTEM
IEEE 69-bus Base Case Proposed POA
Size / kVAr
(location) - 1227 (61)
Real Power /P
Loss, (kW) 225 152.35
% P Loss
Reduction - 32.3%
Reactive Power
(Q) Loss (kVAr) 102.14 70.72
% Q Loss
Reduction - 30.76
Min. Voltage 0.90919 0.931

The application of the POA method successfully
determined the optimal placement of a D-STATCOM at
bus 61, accompanied by an ideal reactive capacity of 1227
kVAr. This strategic placement yielded a substantial
decrease in the overall active power losses of the system,
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reducing them to 152.35 kW and marking a notable 32.3%
reduction. Additionally, the total reactive power loss saw
a significant decrease to 70.72 kVAr, reflecting a 30.76%
improvement. The positive impact extended to the
system's  voltage profile, showcasing universal
enhancements. The minimum voltage reached 0.931 p.u,
indicating an improvement in the overall voltage stability
and reliability of the power distribution system. The
findings are visually represented in Fig. 6, providing a
graphical illustration of the improved voltage profile
resulting from the effective application of the POA
method in optimizing the placement of the D-STATCOM
within the IEEE 69-bus system. These results underscore
the efficacy of the POA approach in not only minimizing
power losses but also enhancing the overall operational
performance and stability of the electrical network.

Voltage Profile of IEEE 69-bus
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Fig. 6. Voltage profile of IEEE 69-bus system

For a more comprehensive assessment of this study's
efficacy, the POA method is juxtaposed with the Cuckoo
Search Algorithm (CSA) and the Bat Algorithm approach
outlined in a recent research study [8]. Table IV
encapsulates the outcomes, providing a clear comparative
analysis. This contrast aims to deepen our insights into the
performance of the POA method in relation to other
established optimization algorithms, specifically the CSA
and Bat Algorithm. The tabulated results offer a
transparent and concise presentation, facilitating a
nuanced understanding of how the POA method compares
to alternative approaches in optimizing power distribution
systems.

TABLE IV
RESULTS OF POA COMPARED WITH OTHER TECHNIQUES
Base Proposed
IEEE 69-bus Case BA CSA POA
Size / kVAr
(location) - 1150 (61) 1200 (61) 1227 (61)
Real Power /P
Loss, (kW) 225 153.36 152.95 15235
52 ISSN: 2600 - 7495 eISSN: 2600-9633

% P Loss

Reduction - 31.84 32.00 323

Reactive

Power (Q)

Loss (kVAF) 102.14 71.26 71.05 70.72

% QO Loss

Reduction - 30.27 30.40 30.76

Min. Voltage 0.90919 0.927 0.928 0.930
The POA methodology showcased remarkable

efficiency compared to alternative techniques, realizing a
substantial 32.30% decrease in overall active power losses
and a noteworthy 30.76% reduction in total reactive power
losses. This superior performance was achieved through
the application of a total reactive compensation of 1227
kVAr at bus 61. In contrast, the CSA approach exhibited
a 32.00% reduction in total active power losses and a
30.40% reduction in total reactive power losses,
employing a total reactive compensation of 1200 kVAr at
the same bus. Meanwhile, the BA approach demonstrated
comparatively less competitive outcomes, with a 31.84%
reduction in total active power losses and a 30.27%
reduction in total reactive power losses, utilizing a total
reactive compensation of 1150 kVAr at bus 61. These
findings underscore the potency of the POA methodology
in minimizing power losses, particularly in comparison to
the CSA and BA approaches, thereby emphasizing its
efficacy in optimizing the placement of reactive power
compensation devices within power distribution systems.
The nuanced comparison provides valuable insights into
the relative advantages of the POA method over existing
optimization algorithms, substantiating its potential as a
robust tool in enhancing the efficiency and reliability of
power networks.

V. Conclusion and Recommendation

This research introduces an innovative approach
utilizing the Placement Optimization Algorithm (POA) to
strategically determine the location and sizing of D-
STATCOM within distribution systems, with the primary
objective of minimizing losses and enhancing the overall
system voltage profile. The proposed methodology
underwent rigorous testing on both the IEEE 33-bus and
IEEE 69-bus systems, leveraging the MATLAB software
(R2019b). Impressively, the method yielded remarkable
reductions of 29.40% and 32.30% in active power losses
for the respective systems, signifying a substantial
enhancement in power efficiency. Through comparative
analysis with recent methodologies found in the literature,
which achieved reductions of 29.15% and 32.00% in
active power losses for the IEEE 33-bus and IEEE 69-bus
systems, the superior performance of the POA approach
became evident. These findings not only underscore the
effectiveness of the POA algorithm but also emphasize its
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competitive edge in optimizing the integration of D-
STATCOM and other shunt reactive compensators within
radial distribution systems. The results affirm the
capability of the proposed POA methodology to
significantly contribute to the advancement of power
distribution systems, offering a robust solution for
minimizing losses and improving voltage profiles, thereby
enhancing the overall efficiency and reliability of such
systems.

As aresult, the Pelican Optimization Algorithm (POA)
is highly recommended for diverse applications in power
system optimization. This includes the effective
integration of distributed generators, strategic placement
of sectionalizing switches, and optimal reconfiguration of
distribution systems to augment power delivery.
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