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ABSTRACT

The power grid has significant power losses,
unstable voltage, and large voltage drops
during high demand due to its high
resistance. One way to reduce power loss is
by strategically placing and sizing
Distributed Generation (DG) within the
distribution network. However, improper
installation of DG can increase power loss.
To address this issue, various optimization
techniques have been used, but finding the
best solution and dealing with complex
issues has been challenging. It is important
to make efforts to optimally place and size
DG in the distribution network to minimize
power loss. To this end, a research study
aimed to minimize power loss and improve
the voltage profile on the DG network using
the Whale Optimization Algorithm (WOA)
was done. Objective functions were
formulated and integrated into WOA, and
power flow analysis on the standard IEEE
33-bus and 33-bus llorin industrial
distribution feeder with and without DG was
conducted using the forward and backward
sweep distribution load flow algorithm. The
optimal size and location of DG for power
network loss reduction using sensitivity
analysis (SA) and the whale optimization
algorithm were determined. The results of
the power flow analysis indicated that the
total active losses and reactive power losses
were reduced to varying extents with the
integration of DG using both SA and WOA.

The validation results showed that WOA is
more efficient and provides high-quality
solutions in terms of system loss reduction
and best placement for DG in power
systems compared to the application of SA.
Additionally, WOA was found to offer
accurate and high-quality solutions for
power loss reduction compared to other
existing techniques such as Loss Sensitivity
Analysis (LSA), Grey Wolf Optimizer
(GWO), Adaptive Shuffled Frogs Leaping
Algorithm (ASFLA), and One Rank Cuckoo
Search Algorithm (ORCSA).

Keywords: Optimization, Distributed
Generation (DG), Whale Optimization
Algorithm (WOA), Sensitivity Analysis
(SA)

1. INTRODUCTION

The distribution network plays a vital role in
ensuring the efficient and reliable delivery
of electricity to end-users [1]. It is the
utilities' most widely distributed and
frequently monitored system for investment,
maintenance, and operational management
[2]. However, due to its extensive reach and
complex structure, the network is
susceptible to significant power losses,
primarily due to its high resistance-to-
impedance ratio, leading to energy
dissipation in the form of heat [3, 4]. These
losses directly impact the power quality
delivered to consumers, a concern for utility
providers and regulatory authorities [5].
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Challenges in managing these losses include
the unpredictable nature of events
contributing to them, such as load
complexity and the continuous expansion of
power networks [6, 7]. As the load varies,
especially in modern urban settings, the
network experiences stress that increases
power losses [8]. The ongoing growth and
expansion of distribution networks further
exacerbate the issue by introducing longer
transmission distances and more
components susceptible to inefficiencies,
resulting in even higher losses [9].

Electric utilities are under pressure to keep
power losses within specified limits due to
factors such as environmental concerns,
population growth, and unscheduled loading
[10].  Increased global focus on
environmental sustainability makes energy
efficiency a central concern, as excessive
power losses result in higher greenhouse gas
emissions [11]. The rising power demand
due to growing populations and
unscheduled loading also adds
unpredictability to the networks and can
lead to service interruptions or degraded
power quality [12].

Economic and ecological restrictions make
power loss reduction an urgent objective.
From an economic perspective, power
losses directly translate to financial losses
for utilities, as they need to compensate for
the energy that is generated but never
reaches the consumer [13]. Additionally,
these inefficiencies increase operational
costs, impacting the profitability and
sustainability of utility companies [14].
Ecologically, reducing power losses aligns
to reduce the carbon footprint of energy

systems, and contribute to a more
sustainable energy supply chain [15].
The reduction of power losses in

distribution networks is widely recognized
as a significant achievement in modern
power system operations [16]. Power
system management has made significant
advancements aimed at minimizing these

crucial as distribution networks expand and
loads become more complex [18].
Implementing strategies and technologies to
reduce losses, such as through more
efficient  network  design, advanced
monitoring, or optimization algorithms, can
lead to substantial improvements in system
reliability, energy efficiency, and
sustainability [19].

It's important to note that while power loss
in  distribution  networks cannot be
eliminated, it can be controlled and
minimized [20]. Factors such as the types of
linked loads, network structure, system
voltage, current conditions, and the
characteristics of electrical devices all
influence distribution power losses, as well
as parameters of transmission lines such as
length, type, size, and material of cables,
among others [21]. As a result, power
system engineers are growing interested in
significantly reducing power loss.

Various analytical approaches have been
utilized to minimize power loss in
distribution networks, including network
reconfiguration, installation of energy
storage systems, Distributed Resources
(DR) installation, and capacitor placement
[22]. Among these approaches, the strategic
sizing and location of Distributed
Generation (DG) in the distribution network
is widely regarded as a feasible choice for
minimizing power loss [23]. Distributed
Resources, electrical power resources
connected directly to the network,
encompass a wide range of energy sources,
such as turbines, fuel cells, Photovoltaic
(PV), and storage devices, with capacities
ranging from 1 kW to 10 MW [24].
Installing these resources on distribution
networks enhances network power quality,
improves the network voltage profile, and
reduces network power loss.

However, improper installation of DR on
distribution networks can lead to increased
network power loss and have undesirable
effects on the network [25]. Furthermore,

losses to enhance overall network  selecting the best sizing and location for
performance [17]. The focus on loss installing DR in distribution networks is
minimization has become increasingly  considered an optimization problem. Thus,
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implementing an optimization approach that
can determine the optimal size and
placement of these resources to minimize
distribution network power loss can be more
beneficial for system planning engineers.
Several evolutionary, swarm intelligent-
based optimization techniques and new
metaheuristic optimization algorithms, such
as Genetic Algorithm (GA), Particle Swarm
Optimization (PSO), Whale optimization
algorithm  (WOA), Cuckoo  Search
Algorithm (CSA), Firefly Algorithm (FA),
and Salp Swarm Algorithm (SSA), among
others, are reported to have excelled in
solving power loss minimization on
distribution networks through optimal DR
sizing and location in terms of
computational time, convergence, and
quality of solution [26]. These techniques
offer the benefit of identifying a set of non-
dominated solutions in just one run since
they can perform multi-point searches.
Additionally, they are less susceptible to
issues related to dimensionality.

The research aims to address the issue of
power loss in the Nigerian distribution
network by focusing on the optimal sizing
and location of Distribution Resources
(DRs) with the following specific objectives
viz; to perform power flow analysis on the
standard IEEE 33-bus and 33-bus llorin
industrial distribution feeder without and
with the inclusion of DG using the Forward
and Backward Sweep distribution load flow
algorithm, to optimally size and locate DG
for network power loss reduction using
Sensitivity Analysis (SA) and Whale
Optimization  Algorithm  (WOA), to
simulate DG model with SA and WOA
using MATLAB R2019a, and to validate the
simulation results of IEEE 33-bus and
compare with other optimization techniques
such as Grey Wolf Optimizer (GWO),
Adaptive Shuffled Frogs Leaping Algorithm
(ASFLA) and One Rank Cuckoo Search
Algorithm (ORCSA) and evaluate on 33-
bus llorin Industrial distribution Network
using active power loss.

Power loss in distribution networks,
particularly in developing countries like

Nigeria, is a concern due to ageing
infrastructure, growing demand, and
inefficient system design. By strategically
deploying DRs, this research aims to
improve the efficiency and reliability of
electricity distribution across the country.
Distribution Resources (DRs), such as
Distributed  Generation  (DG)  units,
capacitors, and energy storage systems, play
a crucial role in modern power systems.
Properly sized and optimally located DRs
can help mitigate power losses by reducing
the distance electricity must travel from
generation points to consumers, minimizing
resistive losses in transmission lines.
Additionally, DRs can support voltage
regulation, improve power quality, and
provide backup during outages. However, if
DRs are not appropriately sized or placed,
they can introduce inefficiencies, increase
operational costs, and exacerbate power
losses. Therefore, an optimization-based
approach is essential to ensure that the DRs
provide the maximum benefit.

The research  proposes the Whale
Optimization Algorithm (WOA) as the
optimization technique due to its proven
ability to avoid common pitfalls in
traditional optimization methods, such as
being trapped in local optima. WOA is a
bio-inspired algorithm that mimics the
hunting behaviour of humpback whales,
particularly  their  bubble-net  feeding
strategy, to find optimal solutions in
complex search spaces. The algorithm's
capacity to search both globally and locally
allows it to explore a broad range of
potential solutions before refining its search
to find the most optimal one. This makes
WOA particularly suitable for solving
multi-dimensional optimization problems,
like those found in power distribution
networks, where multiple variables (such as
DR  size, location, and  network
configuration) need to be considered
simultaneously.
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Problem Formulation

The primary objective of this research is to
determine the optimal size and location of a
DG unit within a radial distribution network
to minimize power loss. The network power
losses would be considered as indices in
identifying the optimal sites for DG
placement, highlighting areas with the most
and least significant impact on enhancing
loss reduction efficiency. Mathematically,
the objective function for this research is
given in terms of total active power losses:

F = Min(PTLass) 1

7
_ 2
. PTL()A\\' - ZIf X R.-‘
Min i1

where;

F' is the objective function
" number of branches

I is branch number
PL

1 is the branch current at bus ¢

Riis the resistance of network at bus i
The minimization problem is subjected
to the following constraints:

oss |s the total real power loss

PN o O~ wd PR

8. The power load flow constraints as:

P+ Py =Py + P =0 3
O, +0pg —Op 0., =0 4
where,

Pi is real power flow at bus i
Qi is reactive power flow at bus i

Ppci is real power generation from DG
placed at bus i

@pei is reactive power generation from DG
placed at bus i

Pp;is real power demand at bus i

Opi is reactive power demand at bus i

The constraints on generator voltages, real
power outputs, and reactive power outputs
are confined by their respective lower and
upper limits as follows:

Min Max
G = QG:’ = U 7
Min Max

PDG:’ SPDGE SPDG:‘ 8
Min Max

me = QDG;‘ = QD(}'E 9

The power balance constraints:

n n
ZPDGf :ZPDE + P,
i=1 i=l

where,

Vi. V™ and V" are the magnitude,

minimum and maximum value of voltage at
bus ¢

Min Max
P Pei” and Tei are the real power load,

minimum and maximum real power at bus ¢

10

Q Min Q Max .

ci»¥aGi and =G are the reactive power
load, minimum and maximum reactive
power at bus ¢

Min Max
Poci»Poi and Foci are the DG real power

load, minimum and maximum real power
generation from DG capacity

at bus ¢
Q Min QM"[L\’ R
nGi» ¥ G and oGi gre the DG reactive

power load, minimum and maximum
reactive power generation from DG capacity
atbus 7.

2. MATERIALS & METHODS

The work commences with load flow
studies of the 33-bus llorin industrial
distribution feeder using the Fast-Decoupled
Load Flow Technique, without
incorporating Distribution Generation (DG).
Subsequently, load flow studies are
conducted with the optimal placement of
DG to determine the active and reactive
components of the power flow in the
network, as well as the losses. A sensitivity
analysis for the optimal placement of DG is
performed. The global optimal location for
DG is determined wusing the Whale
Optimization algorithm, and the
performance of the algorithm is thoroughly
evaluated and validated. Figure la shows
the single line diagram of 33-bus llorin

Vil Vg V™ 5  industrial distribution feeder. The Flowchart
Min Max of Distribution Load Flow without and with
Pc;Li1r SPG;'SPG? 6 ; i O
DG is shown in Figure 1b
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IBEDC, the local utility responsible for
managing the distribution network in the
llorin area, supplied real-world data
regarding the specific load points,
substations, and distribution lines relevant to

GANMD TS

the 33-bus feeder under investigation. This
data was crucial for accurately reflecting the
actual operating conditions of the industrial
feeder and ensuring that the simulation was
based on up-to-date and precise information.

Figure 1a: The single line diagram of 33-bus llorin industrial distribution feeder
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Figure 1b: The Flowchart of Distribution Load Flow without and with DG
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2.1 Implementation and Simulation of
Sensitivity Analysis for Optimal DG
Placement

Based on minimizing loss, the Sensitivity
Analysis (SA) method was used to identify
the most effective candidates for Demand
Response (DR) allocation. This approach
offered the benefit of expediting the
convergence of the optimization algorithm.
The resulting optimization was implemented
using MATLAB (R2019b). To address
operational constraints, the optimization
problem is formulated as:

F()=Y 12 xR,
Optimize i=1 11

where; X =1[ Vi Ppgi, QpsiMous | is the
vector of variables or particles
The following steps were followed to obtain
the desired optimization result.
Step 1: The initial values of the particles,

sizes of the DG (Por and Qpr), and the

bus voltage limits (Vi) in the initial
population are randomly generated.

Step 2: Distribution load flow without and
with inclusion of DR are performed using
Forward and Backward load flow technique.
Step 3: The sensitivity factors at each bus

are evaluated. All the bus locations (Mbus)
except the slack bus, will be tried for
optimal location for DR placement one by
one by the Sensitivity factors.

Step 4: The iteration count is increased. Step
3 is repeated if iteration count has not
reached maximum. Else, go to step 5.

Step 5: A priority list is formed by ranking
the buses in descending order of the values
of sensitivity factors accordingly and stop.
The buses with the best sensitivity factors
were identified as the most suitable for DG
placement. The flowchart of the sensitivity
analysis algorithm for distribution loss
minimization based on optimal sizing and
location of DR is shown in Figure 2.
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Figure 2: Flowchart of Sensitivity Analysis for Optimal DG Placement

2.2 Implementation and Simulation of
WOA for Optimal DG Placement

The Whale Optimization Algorithm (WOA)
was utilized to determine the global optimal

placement of Distributed Resources (DR)
for minimizing power loss in distribution
networks.
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The optimization process will take into
account the following parameters:
The first step will be determining the
optimal location for DG within the network,
considering network variables like voltage
changes, power loss, and system balance
conditions  within  the  optimization
algorithm.
The DG capacity will be established based
on the operational range of the network in
which the shunt voltage source inverter
voltage range was determined.
The power flow model of DG will be
examined, and the stability of the system
will be evaluated.
The whale Optimization Algorithm would
be implemented and the encircling prey
location, spiral bubble-net feeding updating
position and global search updating position
would be calculated.
The humpback whales encircling prey
location is calculated as:
A IAI*

D=|C.X"(t)- X () 1
The spiral bubble-net feeding updating
the position of whales during optimization
was calculated as:

W 4]
i X'(t)-4D
X(e+1)=41 .

De .cos(2nl)+X (r) p<05 13
Whale Optimization Algorithm global
search updating position is calculated as:

D=|cx —f’

rand

14
X(t+1)=X, —AD 15

The fitness function of the Whale
Optimization Algorithm for maximum loss
reduction in this research is the objective
function given in equation (3). The fitness
function is computed as:

FF =P, —P,
where;

16

A4 and C are coefficient vectors

! indicates the current iteration,

b is a constant for defining the shape of the
logarithmic spiral

P is a random number in the range [0,1]
!'is a random number in the range [-1,1]

Xnd s a random position vector chosen
from the current population

a is linearly decreased from 2 to O over the
course of iterations

X is the position vector

X is the position vector of the best solution
obtained

D s the i" whale to the prey (best solution
obtained)

PL is the system power loss?

FF is the fitness function

The following are the stepwise procedure
for the simulation of the Whale
Optimization Algorithm (WOA) for optimal
DG placement.

Step 1: Read the system data while
satisfying different equality and inequality
constraints.

Step 2: The population

X, (i=12...n) are initialize and the
maximum number of iterations are set.

Step 3: The FBS load flow for initial
network status and Sensitivity Analysis was
performed

Step 4: The mathematical representation of
the objective function in equation (16) is
used in evaluating the fitness value of each
search agent for maximum loss reduction
and the best search candidate solution
without violating the constraints are
identified.

Step 5: For each search agent, the values of

a,A4,C,land P are updated
Step 6: The position of the current search
agent is updated using equation (12)

whale

Step 7: A random search agent (X rand ) S
selected and the new positions of the current
search agent are updated using equation
(15).

Step 8: Check if there is any boundary
violation of search space, then, amend
accordingly and go to step 2

Step 9: The new fitness function of each
search agent is calculated.

Step 10: The new position X is updated, if
there is a better solution, otherwise go to
step (8)
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Step 11: Output the optimal solution.

The flowchart of the Whale Optimization
Algorithm for the Optimal Solution of DR is
shown in Figure 3.

Start

Input Systerm Data and Whale Optimization

Algorithm Parameters

il

Set iteration count i=0

+

Initialize the WOA Population and Set Maxirmurmm

Number of Iteration

1

Run the FBS Power Flow wwith DG

!

Perform Load Flow for Sensitivity Analysis

Increase iteration count i=i=1

!

Compute the Fitmess Function for each Search

Agent

l

Update the wvalue and Position of Current

Search Agent

l

Select Randomly the Best Search Agent and
Update the new Position of the Current Search

Agent

Mo

R

_,—'—’—'—f
Is there any\‘\-\

_’_,_—H‘" —
Boundary _,——'}

x‘““-—»_q___h‘_\i'_iflati o:lj?/f,_,-’
T Yes

Calculate the new Fitness Function of each

Search Agent

==

RS

" . Mo
— Is Maxinmuwrm h“"““*—_—:
Iteration Reach™
E‘"““"hﬁ_ _,‘-"’FF/

T yYes

Update the value of new Position of each

Search Agent

il

Print out the Optimization Solution

I S

-

Stop )

Figure 3: Flowchart of Whale Optimization Algorithm for Optimal Solution of DG

3. RESULT AND DISCUSSION

The Table 1 shown the simulation data of
the IEEE 33-bus power system for the base
case, indicated the bus voltages, line flow,
and line loss, respectively. It was observed
from Table 1 that the lowest active line flow
was along line connecting buses, 13 to 14,

14 to 15, 15 to 16, 19 to 20 and 31 to 32
with active power values of 1.90, 1.77, 1.59,
1.91 and 1.91 MW, respectively. It was also
observed that the line with the highest active
power loss is line connecting buses 5 to 6
and 4 to 5, respectively. The total active and
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reactive power loss in the system is 195.51
MW and 136.34 MVar, respectively.

The Figure 4 simulation results of IEEE 33-
bus power system for the base case. It is
observed that buses 5, 11, and 23 have
voltage magnitudes of 0.9303 p.u., 1.0558
p.u., and 1.0571 p.u., respectively. These
values fall outside the +5% tolerance margin
of the voltage criterion, indicating that these
buses are potential candidates for DG
integration.

The Table 2 shown the simulation data of
the IEEE 33-bus power system for DG
integration using SA, indicated the bus
voltage, line flow, and line loss,
respectively. With the integration of DG
unit, the active power flow from base case

was redistributed and the result deduced an
increase in active power flow along the line.
The lowest active line flow was along line
connecting buses, 13 to 14, 14 to 15, 15 to
16, 19 to 20, 31 to 32 and 32 to 33 with
active power values of 1.95, 1.79, 1.64,
1.95, 1.95 and 3.62MW respectively. Also,
the lines with the highest active power loss
were line connecting buses 5 to 6 and 4 to 5,
with active power loss values of 52.49 and
25.54 MW respectively. With the
integration of DG unit, the power losses
along the line were minimized compared to
base case and the total active and reactive
power loss in the system were reduced to
163.30 MW and 122.18 MVar, respectively.

Table 1: Bus Voltage, Line Flow and Line Loss of IEEE 33-Bus System for Base Case
From Bus | To Bus | Power MW | Power MVar | Line Flow (MW) | Line Loss (MVar)
1 2 41.32 21.01 17.68 9.61
2 19 2.58 2.46 1.41 1.40
3 23 8.41 5.72 5.38 4.06
4 5 24.11 12.18 26.28 13.99
5 6 19.03 17.18 63.38 46.36
6 26 11.34 5.72 441 2.85
7 8 9.28 2.02 7.85 341
8 9 5.12 4.42 6.80 5.23
9 10 5.56 3.95 6.01 4.61
10 11 5.64 2.01 0.76 0.25
11 12 5.44 1.84 0.49 -0.33
12 13 3.86 2.65 3.01 2.20
13 14 1.90 2.77 0.03 0.30
14 15 1.77 1.67 -0.35 -0.40
15 16 1.59 1.15 -0.40 -0.51
16 17 6.66 8.21 -0.53 -0.43
17 18 5.56 8.96 0.08 0.58
18 19 -7.33 -5.83 0.48 0.58
19 20 1.91 1.72 1.08 1.08
20 21 7.81 1.34 0.38 0.40
21 22 2.44 5.90 0.31 0.32
22 23 -4.40 -6.08 0.28 0.31
23 24 7.30 5.78 7.40 5.90
24 25 3.69 2.91 2.05 1.66
25 26 -3.51 -2.35 2.25 1.46
26 27 10.81 5.53 4.26 2.29
27 28 8.22 8.14 15.65 13.83
28 29 8.67 7.56 10.81 9.45
29 30 8.14 4.19 4.55 2.44
30 31 3.26 3.38 2.28 2.26
31 32 1.91 2.21 0.50 0.54
32 33 3.35 6.32 0.42 0.32
33 4 -2.97 -4.95 0.52 0.32
Total 195.51 136.34
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Figure 4: Simulation Result of IEEE 33-Bus System for Base Case

Table 2: Bus Voltage, Line Flow and Line Loss of IEEE 33-Bus System for DG with SA

From Bus | To Bus | Power MW | Power MVar | Line Flow (MW) | Line Loss (MVar)
1 2 42.37 21.69 16.10 8.70
2 19 2.60 2.52 0.92 1.31
3 23 8.82 5.75 4.85 3.74
4 5 24.50 12.95 25.54 13.57
5 6 19.41 17.89 52.49 45.61
6 26 11.58 5.76 3.89 2.54
7 8 9.47 2.88 7.29 3.10
8 9 5.88 4.56 6.27 4.90
9 10 5.62 3.98 5.47 4.29
10 11 5.70 2.88 0.56 -0.24
11 12 5.51 1.92 -0.38 -0.23
12 13 3.86 2.92 2.84 2.14
13 14 1.95 2.84 -0.02 -0.31
14 15 1.79 1.76 -0.33 -0.32
15 16 1.64 1.54 -0.36 -0.48
16 17 -7.21 8.79 -0.46 -0.36
17 18 5.64 9.96 -0.06 -0.46
18 19 7.61 -6.79 0.47 0.57
19 20 1.95 1.75 0.53 0.93
20 21 8.40 1.35 0.38 0.38
21 22 3.17 5.91 -0.23 -0.26
22 23 -5.58 -7.10 -0.23 -0.28
23 24 7.33 5.82 6.80 5.52
24 25 3.69 2.97 1.50 1.33
25 26 3.73 -2.81 1.89 1.32
26 27 10.87 5.67 3.73 2.07
27 28 8.92 8.55 15.01 13.40
28 29 8.67 7.58 10.22 9.36
29 30 8.86 4.24 -3.85 -2.11
30 31 -3.91 3.58 2.17 2.04
31 32 1.95 2.29 0.41 0.47
32 33 3.62 6.51 0.37 0.21
33 4 -3.16 -5.90 -0.48 -0.27
Total 163.30 122.18
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The Figure 5 showed the simulation results
of IEEE 33-bus standard system for DG
integration using SA. The result was
presented according to bus voltages, line
flow power loss, and DG placement with
Sensitivity Analysis (SA) factor. Three (3)
DGs were placed at buses 5, 11 and 23

Simulation Results of IEEE 33-Bus Power System for DG with SA

under base case to control the voltage
magnitude to acceptable working range.
With DG incorporated at these buses, it was
observed that the bus voltage limits were
violated under the base case were rectified
by having voltage magnitude at all the buses
within voltage limit of £5% tolerance.

1.06 T

=,
I
T

]
2]
[a4]

T

Ll

—=— DG with SA

Line Flow [MW) Qﬁge

Voltages Profile (p.u.)
Line Flow (MW) / Line Loss (MVar)

Line Loss {(MWar) m{@f

"

o 5 10 15

: : ' -10
20 25 30 35

Bus Number
Figure 5: Simulation Result of IEEE 33-Bus System for DG with SA

The simulated results of IEEE 33-bus power
system for DG integration using WOA are
presented according to bus voltages, line
flow and power loss, and with optimal DG
placement using Whale Optimization
Algorithm (WOA). Whale Optimization
Algorithm was implemented to rectify the
problem of voltage violations, regulate the
power losses, and optimally locate the best
placement and size of DG unit in the
system.

The Figure 6 illustrated the comparison of
voltage magnitude with the bus number of
the system with inclusion of DG and WOA.
With application of WOA, all the bus

voltage limit of 5% tolerance. Also, the
simulation data of the IEEE 33-bus power
system for DG with WAO, indicated the bus
voltage, line flow, and line loss, respectively
are shown in Table 3. With application of
WOA all the active power flow was further
redistributed and the result indicates an
increase in active power flow along the
lines. In addition, the power loss along the
line were further reduced compared to base
case and the total active and reactive power
loss in the system were reduced to 153.30
MW and 114.49 MVAr, respectively.

Figure 7 shows the comparison of total
active power loss of IEEE 33-Bus System

voltages were maintained within

their

Table 3: Bus Voltage, Line Flow and Line Loss of IEEE 33-Bus System for DG with WOA

From Bus | To Bus | Power MW | Power MVar | Line Flow (MW) | Line Loss (MVar)
1 2 45.42 22.74 16.01 8.50

2 19 2.85 2.77 -0.54 -1.25

3 23 8.97 5.90 4.65 3.70

4 5 25.56 13.00 23.54 13.37

5 6 19.56 17.95 50.05 43.16

6 26 11.64 5.81 3.09 2.34
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7 8 9.52 2.94 7.09 3.09
8 9 5.93 4.62 5.82 3.45
9 10 5.85 3.99 5.37 4.19
10 11 5.72 2.90 0.52 -0.20
11 12 5.63 1.94 -0.32 -0.23
12 13 3.98 2.94 2.24 2.13
13 14 1.97 2.96 -0.01 -0.29
14 15 1.84 1.88 -0.30 -0.28
15 16 1.68 1.82 -0.31 -0.41
16 17 -1.74 8.96 -0.41 -0.30
17 18 5.71 8.97 -0.06 -0.36
18 19 7.68 -1.32 0.37 0.47
19 20 1.99 1.85 0.49 0.89
20 21 8.87 1.94 0.28 0.30
21 22 3.64 6.01 -0.20 -0.23
22 23 -6.15 -1.67 -0.21 -0.26
23 24 7.97 5.86 6.70 5.48
24 25 3.73 2.99 0.98 1.31
25 26 3.76 -2.86 1.88 1.29
26 27 10.90 5.81 3.63 1.97
27 28 8.93 8.87 14.54 12.93
28 29 8.83 7.75 9.75 9.30
29 30 8.89 5.05 -3.55 -2.01
30 31 -3.93 3.67 1.99 2.00
31 32 1.97 2.48 0.38 0.41
32 33 3.88 6.67 0.21 0.20
33 4 -4.30 -5.97 -0.37 -0.17
Total 153.30 114.49
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i Base Case
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Figure 7: Comparison of Total Active Power Loss of IEEE 33-Bus System

The Comparative Analysis of Total Active
Power Loss for the Three Cases provides an
insightful look into the effectiveness of
Distributed Generation (DG) placement for
minimizing power losses in a distribution
network. In this study, three distinct
scenarios are analyzed to compare the
overall reduction in total active power loss:
Base Case (Without DG), DG Placement
Using Sensitivity Analysis (SA), DG
Placement Using Whale Optimization
Algorithm (WOA).

In the base case, the distribution network
operates without any DG units integrated.
The total active power loss recorded in this
scenario is 195.51 MW, representing the
starting point and benchmark  for
comparison. This high level of power loss is
typical in distribution networks due to
factors like long distances between
generation points and loads, resistive losses
in the lines, and inefficient power
distribution without local generation.

When DG units are incorporated into the
network based on Sensitivity Analysis (SA),
the total active power loss is significantly
reduced to 163.30 MW, which corresponds
to a 16.5% reduction from the base case.
Sensitivity Analysis identifies the most
effective buses for DG placement by
determining how variations in system
parameters affect the network's power

losses. This technique allows the placement
of DG at strategic points, reducing losses
and improving overall network
performance.

Further improvements are achieved when
the Whale Optimization Algorithm (WOA)
is employed to determine the optimal DG
placement. The total active power loss is
minimized to 153.30 MW, resulting in a
21.5% reduction from the base case. WOA,
as a metaheuristic algorithm, outperforms
SA by efficiently searching the solution
space for the global optimum, avoiding
local minima traps that could limit the
potential loss reduction. The greater
reduction achieved with WOA highlights its
superior capability in optimizing DG
placement for power loss minimization
compared to traditional approaches like SA.

3.1 Location and Size of DG Units

Table 4 presents the optimal locations and
sizes of the DG units as determined by the
Whale Optimization  Algorithm.  The
selected buses for DG integration are:

Bus 4 with a DG size of 8.5 MW

Bus 5 with a DG size of 5.5 MW

Bus 27 with a DG size of 5.25 MW

These buses were identified as critical
points in the network where the integration
of DG would yield the greatest reduction in
power loss. The DG sizes are optimized to
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match the power demand and minimize
losses, contributing to more efficient energy
distribution and lower operational costs.

Table 5 provides a comparison between the
results achieved using WOA and those
reported by other optimization methods.
This comparison demonstrates that WOA
not only provides accurate and high-quality
solutions but also yields superior results in

power loss reduction. Other methods, while
effective, often struggle to consistently
achieve the same level of optimization that
WOA delivers, especially when it comes to
balancing local generation with the overall
network load. This positions WOA as a
highly reliable tool for solving complex
power system optimization problems.

Table 4: Optimal Placement and Sizing of DG for IEEE 33-Bus System

From Bus | To Bus | SA Factor | Voltage Profile (p.u) | DG Size (MW)
10 11 0.9705 1.0156 6.55

27 28 0.9074 1.0115 10

28 29 0.9091 0.9763 8.55

29 30 0.9584 0.9856 5.25

4 5 0.3453 1.0354 8.5

5 6 0.4992 1.0000 5.5

27 28 0.9074 1.0000 10

Table 5: Performance Evaluation for Active Power Losses for IEEE 33-Bus Tests System

Techniques Active Power Loss (%) | Reactive Power Loss (%) | Authors
DG with SA 16.5 104
DG with WOA | 215 16.1
DG with LSA 19.4 10 [27]
DG with GWO 10.7 11.1 [28]
DG with ORCSA | 21.2 10.6 [29]
DG with ASFLA | 20.2 14.5 [30]

The comparison of voltage magnitudes
across the 33 buses of the system reveals
specific buses that fall outside the
acceptable voltage tolerance range. In power
distribution  systems, maintaining  bus
voltages within a +5% tolerance margin is
crucial for ensuring voltage stability and the
efficient  functioning of  electrical
equipment. The bus voltage magnitudes are
measured in per unit (p.u.), a normalized
unit in power systems.

From the simulation results, it is observed
that buses 5, 14, 19, and 31 exhibit voltage
magnitudes of:

Bus 5: 1.0556 p.u.

Bus 14: 0.9239 p.u.

Bus 19: 0.9314 p.u.

Bus 31: 1.0546 p.u.

While the voltage magnitudes for some
buses are slightly outside the desired range,
buses 14 and 19, with values of 0.9239 p.u.
and 0.9314 p.u., are notably below the
tolerance margin. This indicates voltage

drops that could lead to instability or
inefficiency in the distribution network.
These buses, along with bus 5 and bus 31,
are identified as potential candidates for DG
integration. DG units placed at these points
could help raise the wvoltage levels,
improving overall network voltage stability
and reducing power losses by injecting
active and reactive power locally.

The line flow in a distribution network
represents the amount of power transferred
between different buses. In this case, the
simulation shows that the lowest active
power flows occur along the lines
connecting the following buses:

Line from bus 21 to bus 22: 1.10 MW

Line from bus 20 to bus 21: 1.12 MW

Line from bus 23 to bus 24: 1.13 MW

These low active power flow values indicate
sections of the network where power
transfer is minimal, suggesting possible
inefficiencies or areas of underutilization.
Such lines may benefit from load
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redistribution or the integration of DG to
optimize power flow and reduce losses in
these regions.

The simulation identifies the lines with the
highest active power losses, which are
found in the connections between the
following buses:

Line from bus 1 to bus 2

Line from bus 4 to bus 5

These lines exhibit significant losses due to
factors such as high resistances, long line
lengths, or heavy load demands. Power
losses in distribution networks typically
arise from the resistive nature of the lines,
and these losses can escalate when the lines
are heavily loaded or have inefficient power
flow. Integrating DG units strategically
along these lines can reduce the power that
must be supplied from the grid, decreasing
the overall losses by supplying power closer
to the load centers.

For the base case, the total active power loss
in the system is 247.29 MW, while the
reactive power loss is 393.04 MVAr. These
high losses highlight the inefficiencies in the
current system configuration without DG
integration. Active power losses directly
impact the energy efficiency of the network,
while reactive power losses affect the
voltage regulation and stability of the
system. Reducing both types of losses is
crucial  for improving the overall
performance and reliability of the
distribution network.

The simulation results for the 33-bus llorin
industrial distribution feeder reveal several
key insights that are critical for optimizing
the network:

Voltage deviations at buses 5, 14, 19, and
31 indicate the need for corrective actions,
such as DG integration, to stabilize voltage
levels and improve the overall efficiency of
the network.

Low line flow values between buses 21-22,
20-21, and 23-24 suggest underutilized
areas where power flow could be improved,
potentially through strategic DG placement.
High active power losses along the lines
connecting buses 1-2 and 4-5 point to areas
of inefficiency that could benefit from DG
integration or network reconfiguration.

The total active and reactive power losses in
the system emphasize the need for
optimization techniques to minimize these
losses and improve energy efficiency.

By identifying critical buses and lines for
DG placement, the study lays the
groundwork for more efficient power
distribution. Integrating DG units at the
optimal locations will not only enhance
voltage stability but also significantly
reduce power losses, leading to a more
reliable and sustainable energy system.
Table 6 shows the bus voltage, line flow and
line loss of 33-bus llorin industrial
distribution feeder system

Table 6: Bus Voltage, Line Flow and Line Loss of 33-Bus llorin Industrial Distribution Feeder System

From Bus | To Bus | Power MW | Power MVar | Line Flow (MW) | Line Loss (MVar)
1 2 29.56 49.07 120.15 206.86
2 4 26.64 42.86 9.23 15.87
3 2 -1.56 -2.58 0.06 0.11
4 5 24.50 40.18 54.97 94.64
5 6 20.32 33.99 2.83 4.87
6 8 19.67 32.87 2.66 4.57
7 6 -5.57 -8.28 0.01 0.03
8 10 33.57 5.58 10.07 1.73
9 8 -1.54 -2.45 0.01 0.02
10 11 14.79 24.46 6.06 10.43
11 12 14.41 23.81 5.80 9.99
12 13 11.97 20.40 3.02 5.20
13 15 9.11 15.07 1.39 2.39
14 13 -1.03 -1.67 0.02 0.04
15 17 8.53 13.69 3.10 5.33
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16 15 -7.24 -1.15 0.01 0.03
17 33 10.15 11.77 8.68 10.12
18 26 2.35 3.04 0.03 0.52
19 20 2.18 3.46 0.35 0.60
20 21 1.12 1.72 0.08 0.13
21 22 1.10 1.79 0.02 0.06
22 21 -1.11 -1.89 0.03 0.02
23 24 1.13 1.95 0.05 0.04
24 23 -1.14 -1.85 0.04 0.06
25 23 -1.17 -1.95 0.03 0.01
26 27 3.42 2.54 0.04 8.68
27 29 2.28 3.27 8.68 0.05
28 27 2.25 3.24 0.03 0.35
29 30 4.18 3.28 0.35 0.08
30 31 -1.95 2.17 0.08 0.02
31 32 2.54 2.15 0.60 0.04
32 33 3.27 2.18 0.13 0.03
33 17 -10.87 -12.67 8.68 10.12
Total 247.29 393.04

Figure 8 shows the simulation result of 33-bus Ilorin distribution system for base case

e ) e S S s B B I B ¥
3
=
m08F | —E— Bus Volags |
=
o
:3- 'DE- i i i i i i
0 5 10 15 20 25 30 35
Bus Number
. Line Flow (MW of 33-Bus llorin Distribution System
—_— "\-lr 1 ) ) ) ) )
= 100} .
="
g sof | W .
“ 0 O N B gac oo e T
L L") e R L S e s L S S g )
0 5 10 15 20 25 a0 35
Ling Index
Line Loss (MVar) of 33-Bus llorin Distribution System
= 200F T T T T T T 5
® -
:
2 100 -
7y
m
=]
- 'E' [ i Wi | i I i
0 5 10 15 20 25 a0 35
Ling Index

Figure 8: Simulation Result of 33-Bus llorin Distribution System for Base Case

The Table 7 showed simulation data of the
33-bus llorin industrial distribution feeder
for the DG with SA. The integration of the
DG unit led to a redistribution of active
power flow from the base case, resulting in

an increase in active power flow along the
lines. The lines with the lowest active power
flow were those connecting buses 23 to 24,
21 to 22, and 20 to 21. Additionally, the
lines with the highest active power loss
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were those connecting buses 1 to 2 and 4 to
5, with active power losses of 115.59 MW
and 53.55 MW, respectively. With the
integration of the DG unit, the power losses
along the lines were minimized compared to
the base case, reducing the total active and
reactive power losses in the system to
23451 MW and 37650 MVAr,
respectively.

The simulated results of the 33-bus llorin
industrial distribution feeder for integration
of DG with SA in Figure 9. The Figure 9
illustrates the comparison of voltage
magnitude across the bus number with DG
inclusion. Four DGs were placed at buses 5,

14, 19, and 31 in the base case to maintain
the voltage magnitude within an acceptable
operating range. With DGs incorporated at
these buses, the voltage limits that were
violated in the base case were corrected,
resulting in voltage magnitudes at all buses
within a £5% tolerance limit.

Whale Optimization Algorithm (WOA) was
implemented on 33-bus llorin distribution
feeder to regulate the problem of voltage
violations in the system, reduce the power
losses, and optimally locate possible buses
for the placement of DG unit within the
system.

Table 7: Bus Voltage, Line Flow and Line Loss of 33-Bus llorin for DG with SA

From Bus | To Bus | Power MW | Power MVAr | Line Flow (MW) | Line Loss (MVar)
1 2 29.68 50.59 115.59 200.17
2 4 26.78 44.58 8.40 14.66
3 2 -1.65 -2.66 0.05 0.11
4 5 24.85 41.93 53.55 9241
5 6 20.50 34.58 2.79 3.81
6 8 19.85 33.66 2.52 3.51
7 6 -5.64 -9.22 0.01 0.01
8 10 33.86 5.74 9.04 1.67
9 8 -1.73 -2.64 0.01 0.02
10 11 14.90 25.31 5.58 10.20
11 12 14.63 24.67 5.43 8.86
12 13 11.99 20.78 2.66 4.62
13 15 9.22 15.87 1.20 2.19
14 13 -1.54 -1.74 0.02 0.03
15 17 8.93 14.36 2.75 5.26
16 15 -7.73 -1.21 0.01 0.02
17 33 10.29 12.07 8.27 9.42
18 26 2.69 3.76 0.03 0.46
19 20 2.23 3.50 0.24 0.54
20 21 1.24 1.79 0.06 0.12
21 22 1.22 1.86 0.01 0.04
22 21 -1.16 -1.90 0.02 0.01
23 24 1.14 1.96 0.03 0.03
24 23 -1.19 -1.91 0.03 0.04
25 23 -1.24 -1.96 0.02 0.01
26 27 3.57 2.61 0.03 8.38
27 29 2.45 3.33 8.08 0.03
28 27 2.32 3.30 0.02 0.34
29 30 4.23 3.34 0.34 0.06
30 31 -1.97 2.25 0.05 0.01
31 32 2.59 2.18 0.49 0.03
32 33 3.33 2.22 0.10 0.02
33 17 -10.93 -12.70 7.08 9.41
Total 234.52 376.50
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Simulation Result of 33-Bus llorin Distribution System for DG with SA
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Figure 9: Simulation Result of 33-Bus llorin Distribution System for DG with SA

The voltage magnitude compared to the bus
number in the system with DG and WOA
integration for the Industrial 33-bus
distribution system is depicted in Figure 10.
The application of WOA ensured all bus
voltages remained within the +5% tolerance
limits. The Table 8 showed the simulation
data of the 33-bus Ilorin industrial
distribution feeder for the DG with WOA. It
provided the line flow and line loss results,
showing that WOA redistributed active
power flows from the base case, leading to
increased active power flow along the lines.
Moreover, the power loss along the lines
was further reduced compared to the base
case, with total active and reactive power
losses reduced to 201.97 MW and 343.09
MVA, respectively.

In a similar fashion, The Figure 10 presents
the total active power loss comparison
across the three cases. The total active
power loss was 247.29 MW for the base
case, 24351 MW for DG with SA
(representing a 5.2% reduction), and 201.97

MW for DG with WOA (representing an
18.3% reduction). Moreover, Table 9
outlines the optimal DG unit locations and
sizes using WOA, highlighting buses 4, 8,
and 17 with DG sizes of 12.5 MW, 10.5
MW, and 10.0 MW, respectively.

Moreover, Table 10 presents a comparison
of power loss results with other optimization
methods, showing that WOA provides
accurate and high-quality solutions for
power loss reduction compared to existing
techniques reported by other authors.

Thus, application of WOA in the system
resulted in further improvement in the
overall system voltage magnitude, improved
the line flow and the total power loss in the
system was reduced to minimum compared
to base case result and with DG
incorporated. Also, the results clearly
showed that WOA is more efficient and
produce high quality solution in terms of
system loss reduction and best placement
for DG in power system compared with the
application of SA.
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Table 8: Bus Voltage, Line Flow and Line Loss of 33-Bus llorin for DG with WOA
From Bus | To Bus | Power MW | Power MVar | Line Loss (MW) | Line Loss (MVar)
1 2 29.90 52.07 110.03 178.05
2 4 26.98 45.22 7.62 12.19
3 2 -1.70 -2.98 0.04 0.10
4 5 24.98 42.67 51.63 90.40
5 6 20.83 34.74 2.51 3.26
6 8 19.97 33.85 2.34 3.18
7 6 -5.87 -9.95 0.01 0.01
8 10 34.06 5.97 8.44 1.46
9 8 -1.99 -2.86 0.01 0.01
10 11 15.03 25.55 5.30 9.68
11 12 14.90 24.93 4.55 7.56
12 13 12.03 21.90 2.19 3.41
13 15 9.86 16.08 1.15 2.07
14 13 -1.92 -1.96 0.01 0.02
15 17 8.99 14.62 2.38 5.16
16 15 -8.00 -1.29 0.01 0.01
17 33 10.90 12.30 8.03 8.67
18 26 2.94 3.99 0.02 0.35
19 20 2.69 3.73 0.20 0.53
20 21 1.52 1.95 0.04 0.11
21 22 1.32 1.93 0.01 0.02
22 21 -1.28 -1.96 0.01 0.01
23 24 1.18 2.02 0.02 0.01
24 23 -1.21 -1.97 0.01 0.02
25 23 -1.31 -1.99 0.02 0.01
26 27 3.93 2.95 0.02 7.41
27 29 2.70 3.46 7.41 0.03
28 27 2.47 3.45 0.01 0.27
29 30 4.45 3.48 0.27 0.03
30 31 -2.09 2.32 0.03 0.01
31 32 2.71 2.20 0.29 0.02
32 33 3.49 2.33 0.09 0.01
33 17 -11.09 -13.01 5.27 9.01
Total 201.97 343.09

Simulation Result of 33-Bus llorin Distribution System with DG using WOA
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Figure 10: Simulation Result of 33-Bus llorin Distribution System for DG with WOA
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Table 9: Optimal Sizing of DG for 33-bus llorin Industrial Distribution Feeder

From Bus | To Bus | SA Factor | Voltage Profile (p.u) | DG Size (MW)
5 6 0.9402 0.9552 10

14 13 0.7250 0.9793 12.5

20 21 0.6929 1.0127 10.5

27 29 0.8518 1.0335 15

28 27 0.9590 1.0315 10

4 5 0.3768 1.0228 12.5

8 10 0.3569 1.0464 10.5

17 33 0.1052 1.0279 10

Table 10: Performance Evaluation for Active Power Losses for 33-bus llorin Industrial Distribution

Feeder
Techniques Active Power Loss (%) | Reactive Power Loss (%) | Authors
DG with SA 5.20 4.20 Nil
DG with WOA | 18.30 12.70 Nil
DG with LSA 19.4 10 [27]
DG with GWO 10.7 111 [28]
DG with ORCSA | 21.2 10.6 [29]
DG with ASFLA | 20.2 145 [30]
H Base Case
H DG with SA
247.29
234.51 i DG with WOA
=
=)
é
=
[=]
i
E

Figure 10: Comparison of Total Active Power Loss of 33-Bus Ilorin Distribution System

CONCLUSION

The study successfully explored and
presented the application of the Whale
Optimization  Algorithm  (WOA) for
minimizing power losses in distribution
networks through the optimal integration of
Distributed Resources (DR), including
Distributed Generation (DG). The Forward
and Backward Sweep (FBS) load flow
technique was used for both the steady state
and the DG-integrated network. Sensitivity
Analysis (SA) was conducted to identify the
most sensitive buses for DG allocation
based on power loss findings. WOA was
implemented as an optimization technique
to solve voltage violations, reduce power
losses, and determine the optimal placement

and size of DG units. The effectiveness of
these methods was demonstrated on the
IEEE 33-bus standard system and the 33-
bus llorin industrial distribution feeder of
the Ibadan Electricity Distribution Company
(IBEDC), using total active power loss and
the optimal location and size of DG as
performance metrics.

Declaration by Authors
Acknowledgement: None

Source of Funding: None

Conflict of Interest: The authors declare no
conflict of interest.

International Journal of Research and Review (ijrrjournal.com) 244
Volume 11; Issue: 10; October 2024



Obakpolo, Osazuwa et.al. Power loss minimization and voltage profile improvement on Nigeria distribution
network using whale optimization algorithm

REFERENCES

1.

10.

M. Jayachandran, K. P. Rao, R. K. Gatla, C.
Kalaivani, C. Kalaiarasy and C.
Logasabarirajan, "Operational concerns and
solutions in smart electricity distribution
systems," Utilities Policy, p. 101329, 2022.
L. Ge, Y. Li, Y. Li, J. Yan and Y. Sun,
"Smart  distribution network situation
awareness for high-quality operation and
maintenance: a brief review," Energies, vol.
15, no. 3, p. 828, 2022.

R. C. Dorf, The Electrical Engineering
Handbook-Six Volume Set, CRC press,
2018.

Onyegbadue, C. Ogbuka and T. Madueme,
"Robust least square approach for optimal

development of quadratic fuel quantity
function for steam power stations,”
Indonesian Journal of Electrical

Engineering and Computer Science, vol. 25,
no. 2, pp. 732-740, 2022.

Onyegbadue and T. Madueme, "Theoretical
Aspects of Optimization Using FACTS
Devices," International  Journal  of
Engineering Research & Technology, vol. 3,
no. 10, pp. 632-635, 2014.

M. Ghiasi, M. Dehghani, T. Niknam, H. R.
Baghaee, S. Padmanaban, G. B.
Gharehpetian and H. Aliev,
"Resiliency/cost-based optimal design of
distribution network to maintain power
system stability against physical attacks: A
practical study case," IEEE Access, vol. 9,
pp. 43862-43875, 2021.

S. M. Yekini, M. Guiawa, I. A. Onyegbadue
and F. Olowoniyi, "Techno-Economic
Optimization of Clean Energy Hybrid
Systems in the Context of Assorted Battery
Storage Technologies,” African Journal of
Environmental Sciences and Renewable
Energy, vol. 15, no. 1, pp. 170-169, 2024.
O. M. Butt, M. Zulgarnain and T. M. Butt,

"Recent advancement in smart grid
technology: Future prospects in the
electrical power network,” Ain Shams

Engineering Journal, vol. 12, no. 1, pp.
687-695, 2021.

M. Meskin, A. Domijan and I. Grinberg,
"Impact of distributed generation on the
protection systems of distribution networks:
analysis and remedies-review paper,” IET
Generation, Transmission & Distribution,
vol. 14, no. 24, pp. 5944-5960, 2020.

N. Khan, Z. Shahid, M. M. Alam, A. A.
Bakar Sajak, M. Mazliham, T. A. Khan and

11.

12.

13.

14.

15.

16.

17.

18.

19.

S. S. Ali Rizvi, "Energy management
systems using smart grids: an exhaustive
parametric comprehensive analysis of
existing trends, significance, opportunities,
and challenges,” International Transactions
on Electrical Energy Systems, vol. 1, no. 1,
p. 3358795, 2020.

S. Khan, M. Murshed, I. Ozturk and K.
Khudoykulov, "The roles of energy
efficiency improvement, renewable
electricity  production, and financial
inclusion in stimulating environmental
sustainability in the Next Eleven countries,”
Renewable Energy, vol. 193, pp. 1164-1176,
2022.

M. K. Verma, V. Mukherjee, V. K. Yadav
and S. Ghosh, "Indian power distribution
sector reforms: A critical review," Energy
Policy, vol. 144, p. 111672, 2020.

W. Strielkowski, L. Civin, E. Tarkhanova,
M. Tvaronavivciene and Y. Petrenko,
"Renewable energy in the sustainable
development of electrical power sector: A
review," Energies, vol. 14, no. 24, p. 8240,
2021.

Prashar, "Towards sustainable development
in industrial small and Medium-sized
Enterprises:  An energy sustainability
approach,” Journal of Cleaner Production,
vol. 235, pp. 977-996, 2019.

M. J. B. Kabeyi and O. A. Olanrewaju,
"Sustainable energy transition for renewable
and low carbon grid electricity generation
and supply," Frontiers in Energy research,
vol. 9, p. 743114, 2022.

S.-E. Razavi, E. Rahimi, M. S. Javadi, A. E.
Nezhad, M. Lotfi, M. Shafie-khah and J. P.
Catalao, "Impact of distributed generation
on protection and voltage regulation of
distribution systems: A review," Renewable
and Sustainable Energy Reviews, vol. 105,
pp. 157-167, 2019.

X. Chen, G. Qu, Y. Tang, S. k. Low and N.
Li, "Reinforcement learning for selective
key applications in power systems: Recent
advances and future challenges,” IEEE
Transactions on Smart Grid, vol. 13, no. 4,
pp. 2935-2958, 2022.

D. K. Mishra, M. J. Ghadi, A. Azizivahed,
L. Li and J. Zhang, "A review on resilience
studies in active distribution systems,"”
Renewable and  Sustainable  Energy
Reviews, vol. 135, p. 110201, 2021.

Iris and J. S. L. Lam, "A review of energy
efficiency in ports: Operational strategies,

International Journal of Research and Review (ijrrjournal.com)

245

Volume 11; Issue: 10; October 2024



Obakpolo, Osazuwa et.al. Power loss minimization and voltage profile improvement on Nigeria distribution
network using whale optimization algorithm

20.

21.

22.

23.

24.

25.

technologies and energy management
systems,” Renewable and Sustainable
Energy Reviews, vol. 112, pp. 170-182,
2019.

Zhang and Y. Xu, "Hierarchically-
coordinated  voltage/VAR  control  of
distribution networks using PV inverters,"
IEEE Transactions on Smart Grid, vol. 11,
no. 4, pp. 2942-2953, 2020.

M. Usama, H. Mokhlis, M. Moghavvemi,
N. N. Mansor, M. A. Alotaibi, M. A.

Muhammad and A. A. Bajwa, "A
comprehensive  review on  protection
strategies to mitigate the impact of

renewable energy sources on interconnected
distribution networks," IEEE Access, vol. 9,
pp. 35740-35765, 2021.

P. Ushashree and K. S. Kumar, "Power
system reconfiguration in distribution
system for loss minimization using

optimization techniques: a review," Wireless
Personal Communications, vol. 128, no. 3,
pp. 1907-1940, 2023.

P. D. Huy, V. K. Ramachandaramurthy, J.
Y. Yong, K. M. Tan and J. B. Ekanayake,
"Optimal placement, sizing and power
factor of distributed generation: A
comprehensive study spanning from the
planning stage to the operation stage,”
Energy, vol. 195, p. 117011, 2020.

K. Mahmud, B. Khan, J. Ravishankar, A.
Ahmadi and P. Siano, "An internet of
energy framework with distributed energy
resources, prosumers and small-scale virtual
power plants: An overview," Renewable
and Sustainable Energy Reviews, vol. 127,
p. 109840, 2020.

M. Mahdavi, H. H. Alhelou, N. D.
Hatziargyriou and F. Jurado,
"Reconfiguration  of  electric  power

distribution systems: Comprehensive review
and classification,” IEEE Access, vol. 9, pp.
118502-118527, 2021.

217.

28.

29.

30.

31.

management systems—A review," Energy
Strategy Reviews, vol. 43, p. 100899, 2022.
L. Singh, Electric Power Generation,
Transmission and Distribution, 2nd ed.,
CRC Press: Taylor and Francis Group, Boca
Raton., 2015.

Sultana, M. W. Mustafa, U. Sultana and B.
R.  Abdul, "Review on reliability
improvement and power loss reduction in
distribution system via network
reconfiguration,” Renewable and
Sustainable Energy Review, vol. 66, pp.
297-310, 2019.

M. C. V. Suresh and J. B. Edward, "
Optimal DG placement for Dbenefit
maximization in distribution networks by
using Dragonfly algorithm," Springer Open
Access, vol. 30, no. 8, pp. 1-18, 2021.
Onlam, D. Yodphet, R. Chattaworn and P.
Khunkitti, "Power Loss Minimization and
Voltage Stability Improvement in Electrical
Distribution ~ System  via  Network
Reconfiguration and Distributed Generation
Placement Using Novel Adaptive Shuffled
Frogs Leaping Algorithm,"” Energies , vol.
12, no. 3, 2023.

Ismail, N. I. A. Wahab, M. L. Othman, M.
A. M. Radzi, K. N. Vijyakumar and M. N.
M. Naain, "A comprehensive review on
optimal location and sizing of reactive
power compensation using hybrid-based
approaches for power loss reduction,
voltage stability improvement, voltage
profile  enhancement and loadability
enhancement,” IEEE access, vol. 8, pp.
222733-222765, 2020.

How to cite this article: Obakpolo, Osazuwa,
Onyegbadue lkenna, Guiawa Mathurine, Izilein
Fred. Power loss minimization and voltage
profile improvement on Nigeria distribution
network using whale optimization algorithm.

26. G. S. Thirunavukkarasu, M. International Journal of Research and Review.
Seyedmahmoudian, E. Jamei, B. Horan, S. 2024; 11(10): 225-246. DOI:
Mekhilef and A. Stojcevski, "Role of https://doi.org/10.52403/ijrr.20241021
optimization techniques in microgrid energy

*kkkkk
International Journal of Research and Review (ijrrjournal.com) 246

Volume 11; Issue: 10; October 2024



