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Abstract

As electricity demand increases in rural Nepal, high line losses and voltage instability have become major
challenges. This thesis introduces a framework using the whale optimization algorithm (WOA) to determine
the optimal locations and sizes for distributed solar generation (DG) on the 11 kV bypass feeder at the Biratnagar
distribution center, which is part of the Nepal Electricity Authority. The study uses real feeder data, including
line parameters, load profiles, and solar irradiance, from 300 sunny days each year. The optimization model
aims to reduce power losses and improve the lowest bus voltage as the load grows annually. WOA, which is
based on how humpback whales hunt, helps to find better solutions than traditional methods. Simulations show
that optimally placed solar DG units can reduce real power losses by more than 57.77% and raise the voltage
to at least 0.951 PU, all without changing the network or adding energy storage. The method was tested using
forward—backward sweep load flow and real operational limits to ensure that it works in practice. By applying
this approach to real-world systems rather than standard test cases, the study provides a practical and efficient
tool for distribution utilities in developing countries. This work supports Nepal’s goals for more renewable

energy, a stronger grid, and better rural electrification.

Keywords: Distributed generation ¢ whale optimization algorithm e radial distribution system e solar
DG « power loss minimization e voltage stability

1. Introduction

Access to electricity in rural areas of develop-
ing countries, such as Nepal, remains challenging.
Rapid growth in electricity demand, high trans-
mission and distribution losses, voltage instabil-
ity, and limited grid expansion in remote areas
make it difficult to achieve a reliable power sup-
ply.Uniyal and Kumar (2016) According to the
Nepal Electricity Authority (NEA), distribution
losses exceed 20%. In many rural 11 kV feed-
1:2:3 Department of Electrical Engineering, School of En- ers, the voltage often drops below 0.9 power-up
(PU) during peak demand periods. Long radial
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feeders and overloaded lines also lead to frequent
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outages. These problems reduce power quality
and limit economic development in rural com-

munities.Nepal Electricity Authority (2025)

Distributed generation (DG) can improve the
performance of distribution systems. Solar pho-
tovoltaic (PV) systems are a good choice because
they produce electricity close to where it is re-
quired. This reduces line losses, improves volt-
age, and enhances system reliability.Kotb et al.
(2022) Nepal has strong solar potential, with ap-
proximately 300 sunny days annually and an av-
erage solar radiation of 4.5 to 5.5 kWh/m?2/day.
This makes solar PV a practical option for ru-
ral electrification.Adhikari et al. (2014) How-
ever, if DG units are not placed or sized cor-
rectly, issues such as reverse power flow, over-
voltage, and increased system losses can occur.
Careful planning is required for the placement
of DG devices. Earlier studies used analyti-
cal and sensitivity-based methods to identify the
best locations for DG units.Gauli et al. (2023);
Prakash et al. (2018) These methods often as-
sume a constant load and ideal conditions. In
reality, distribution systems are more complex.
Radial feeders can exhibit high resistance-to-
reactance ratios, unbalanced loads, and variable
solar generation. Therefore, traditional methods
may not provide accurate results.Uniyal and Ku-
mar (2016); Biswal et al. (2021); Morshidi et al.
(2018); Gaonkar et al. (2014); Li et al. (2016)

To address these challenges, many researchers
have used metaheuristic optimization methods,
such as the genetic algorithm (GA), particle
swarm optimization (PSO), and whale optimiza-
tion algorithm (WOA).Mirjalili and Lewis (2016)
These algorithms work well for complex multi-
objective problems. The WOA is based on how
humpback whales hunt using bubble nets. It can
efficiently search for the best solutions. Studies
have shown that the WOA can significantly re-
duce power losses and improve voltage profiles
in standard IEEE test systems.Li et al. (2016);
Murty and Kumar (2015) However, most exist-
ing studies have been tested only on standard
benchmark networks. Very few studies have ap-
plied the WOA to real distribution feeders us-
ing actual operating data. In particular, studies
that include real feeder topologies, hourly load

variations, solar irradiance data, and future load
growth are limited.

To address this gap, this study uses a whale op-
timization algorithm to determine the optimal
placement and size of distributed solar generation
in a real distribution feeder. The method was
tested on an 11-kV bypass feeder at the Birat-
nagar Distribution Center under the Nepal Elec-
tricity Authority. The analysis uses real feeder
layouts, hourly load data, solar irradiance, and
expected load growth. The goal is to lower ac-
tive power losses and improve the lowest bus
voltage while meeting practical system limits.
Earlier research on DG optimization primarily
employed analytical methods to improve volt-
age stability and reduce system losses. For in-
stance, some studies utilized voltage stability in-
dices to identify suitable locations for DG units.
These methods demonstrated significant reduc-
tions in losses when applied to standard radial
systems, including the TEEE 12-) 69-, and 85-
bus networks.Abderahim et al. (2022) However,
these approaches typically assume constant loads
and focus on a single objective, thereby limit-
ing their applicability in more complex systems.
Later studies have examined changing loads and
renewable energy generation. Some researchers
have developed analytical models to study PV
use in standard distribution systems and have
identified performance improvements. However,
these studies have not used advanced optimiza-
tion methods or real feeder data. In recent years,
attention has shifted toward practical applica-
tions and microgrid systems.Gauli et al. (2023)
Experimental studies have demonstrated the sta-
ble operation of small hybrid renewable energy
systems that combine wind and solar power.
However, many of these studies have focused on
isolated microgrids and have not considered the
integration of DGs into existing grid-connected
radial feeders.Hung et al. (2014)

Recently, metaheuristic algorithms have become
common for DG planning. Methods, such as
Cuckoo search, gravitational search algorithm,
particle swarm optimization, and genetic algo-
rithm, have been compared for DG placement.
These methods demonstrated faster convergence
and better results. Later studies used the whale
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optimization algorithm and reported significant
reductions in power losses and improved voltage
stability in test systems. However, most research
has used simple test networks and has not con-
sidered real distribution feeders operating under
real conditions.

2. Methodology

This paper presents a method for determining the
optimal location and size of distributed genera-
tion (DG) units in a radial distribution system.
A whale optimization algorithm (WOA) was used
to minimize real power losses and improve the
voltage profile of the network. Solar photovoltaic
(PV) generation is considered a distributed en-
ergy source. The simulation and optimization
processes were implemented in MATLAB for a

35-bus radial distribution network.

A. Optimization of distributed generation
using the whale optimization algorithm

Optimization is the process of selecting the best
solution from several possible alternatives. In
power distribution systems, optimization tech-
niques help determine the optimal locations and
capacities of distributed generation units. Tradi-
tional optimization techniques, such as the ge-
netic algorithm (GA) and particle swarm op-
timization (PSO), are widely used (Figure 1).
However, these methods may converge to lo-
cal optimum solutions or require complex pa-
rameter tuning. To overcome these limitations,
in this study, the whale optimization algorithm
(WOA) is applied. The WOA is a nature-inspired
metaheuristic algorithm based on the bubble-net
hunting behavior of humpback whales. In this
method, each whale represents a possible solution
containing DG locations and sizes. The whales
iteratively update their positions to search for the
best solution.Marimuthu et al. (2017)

B. Problem Formulation

The main objective of the optimization is to re-
duce the real-power loss of the distribution sys-
tem and improve the voltage profile.

The objective function is expressed as

Minimize F = w1 f1 + wa fo

Where,

o f1 represents the total real power loss of the
system,

e f9 represents the voltage deviation index,
and

e where wy and wo are weighting factors such
that wy +we =1

C. System constraints

The optimization process is performed while sat-
isfying the following operational constraints.

1. Voltage limits: 0.95 < V; < 1.05

2. Power balance: Pg = Pp + Piyss

3. DG capacity limits: Ppg(min) < Ppc <
PDG(mam)

These constraints ensure that the obtained solu-
tion is feasible for the practical operation of the
distribution system.

D. Whale optimization algorithm frame-
work

The whale optimization algorithm models the
hunting behavior of humpback whales. The algo-
rithm mainly consists of three mechanisms: en-
circling prey, bubble-net attack, and prey search.

Whales identify the prey’s position and move to-
ward the best solution found thus far. The math-
ematical model is expressed as

1.Encircling Prey (Mathematical Model):
D=|C-X*(t)-X(t)|; X(t+1)=X*(t)—A-D
A=2ar—a, C=2ra
Where

o X*(t): represents the best solution ob-
tained so far (prey)
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o X(t): represents the current whale position

e D: distance between the whale and the
prey

e A, C': coefficient vectors

o Coeflicients are calculated as:

A=2ar—a, C=2r

e a: decreases linearly from 2 — 0 during the
iterations

e 7: random number between 0 and 1

Bubble-net attacking method

This stage represents the exploitation phase of
the algorithm. Two strategies are used to update
whale positions.

The first strategy is shrinking encircling, which
occurs when (]A| < 1) and the whale moves to-
ward the best solution.

X(t+1)=D"-e . cos(2nl) + X*(t)

The second strategy involves a spiral movement
around the prey.

X*(t)— A*D, if p<0.5
x(trn) =~ 0 o

D™ e cos(27l) + X*(t), if p>0.5
where b is a constant that defines the spiral

shape, and 1 is a random number between -1 and
1.

The probability value, p, determines the updat-
ing mechanism. If p < 0.5, the encircling method
is used; otherwise, spiral movement is applied.

Search for Prey
When |A| > 1, the algorithm performs global ex-

ploration. In this case, the whales move toward
a randomly selected whale rather than the best
solution.

D=|C"Xqna — X|; X({t+1)=Xrqna— A"D

E. Solar photovoltaic modeling

Solar photovoltaic (PV) generation was consid-
ered to be a distributed energy source in this
study. The solar irradiance in the Biratnagar
region exhibited daily and seasonal variations.
Hourly solar PV generation was modeled using
average irradiance data for the Morang district
obtained from the Alternative Energy Promotion
Centre (AEPC) and the Nepal Electricity Au-
thority. The average solar radiation in the re-
gion is approximately 4.7-5.2 kWh/m?/day with
nearly 300 sunny days per year.

A PV module efficiency of 18% and an inverter ef-
ficiency of 95% were assumed. The output power
of a PV unit is calculated as

Ppy =G x A X npy X Niny
Where

e G =
(kW /m?)

instantaneous solar irradiance

o A = total panel area corresponding to the
rated DG capacity

o npy = panel efficiency (0.18)

o Miny = inverter efficiency (0.95)

Hourly irradiance data were incorporated into
the optimization process to represent the vari-
ation in solar generation throughout the day.

F. Simulation procedure

The optimization process was implemented in
MATLAB for a 35-bus radial distribution net-
work. First, the system data, including the bus,
line, and load parameters, were read into the
program. Subsequently, a power flow analysis
was performed using the backward-forward sweep
method. Subsequently, the whale population,
DG size limits, and maximum number of iter-
ations were defined. The initial DG sizes were
randomly generated within specified limits. The
fitness value of each whale was calculated us-
ing an objective function that included the to-
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tal power loss and voltage deviation. Whale po-
sitions were subsequently updated using WOA
equations based on encircling, spiral movement,
or random exploration. System constraints were
applied in each iteration to ensure valid solutions.
The process continued until the maximum num-
ber of iterations was reached or until the solution
converged. Finally, the optimal DG locations
and sizes were determined, resulting in minimum
power loss and an improved voltage profile in the
distribution network.

2.0.1 G. Voltage stability index for opti-

mal DG placement
A voltage stability index (VSI) was used to iden-
tify weak buses in the radial distribution system.

The branch current between Bus 1 and Bus 2 is
expressed as

Py +5Qo
Ji9g = — = ~= 1
o= m

The receiving-end bus voltage is given by:

Substituting Eq. (1) into Eq. (2):

P+ jQ2

Vald = Vil0 — (R+1X) =57 (3)

Simplifying and separating the real and imagi-
nary parts gives:

V22 + PR+ Q22X =V Vacosd (4)

P X — QuR = —ViVasind (5)

Assuming small phase angle difference (6 ~ 0),
Eq. (4) simplifies to:

Vi + PR+ QX = ViVa (6)
From Eq. (5):

_ PX

=0

(7)

Substituting Eq. (7) into Eq. (6):

2

V22—V1V2+<222+QQ>X=0 (8)

For the system to remain voltage stable, the dis-
criminant of the quadratic equation must be pos-
itive: b2 — 4ac > 0.

From this condition, the Voltage Stability Index
(VSI) is defined as:

_4AX (P}
VSI—V12<Q2+Q2> <1 )

The value of the voltage stability index at any
point represents the condition of the node. The
lower the value of VSI, the more sensitive the
node is to voltage collapse. for stable operation
of radial distribution network, VSI values must
be higher, that is, near to 1.

2.1 Result and Discussion

The whale optimization algorithm (WOA) was
implemented in MATLAB to determine the op-
timal location and size of distributed generation
(DG) units on a 35-bus 11 kV bypass feeder of the
Biratnagar distribution center, operated by the
Nepal Electricity Authority. The optimization
was performed with a population of 50 whales
and 200 maximum iterations. In each iteration,
a load-flow analysis was performed using the for-
ward—backward sweep method to calculate bus
voltages and feeder power losses. The main goal
of this study was to reduce power loss and im-
prove system voltage performance by selecting a
suitable DG placement and size.

A. Effect of DG Size on Power Loss

The effect of the DG capacity on the total ac-
tive power loss. The results revealed three op-
erating regions based on DG size. In the first
region, as the DG size increases from small to
large, the system power loss decreases. This is
because the DG supplies power to nearby loads;
therefore, less current must travel from the main
substation through long lines. Because the power
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loss is proportional to the square of the current,
reducing the current reduces the total loss. This
effect was observed as the DG size increases from
zero to approximately 2 MVA.

In the second region, an ideal DG size that min-
imizes power loss exists. At this point, the DG
supplies most of the local load; therefore, less
power is supplied by the upstream feeder. This
improves the system efficiency. Simulations re-
vealed that minimum loss occurs when the DG
size is approximately 1.617 MVA. In the third
region, if the DG size exceeds the local load de-
mand, the excess power flows back toward the
substation. This reverse flow increases the cur-
rent in some parts of the feeder, resulting in
greater losses. Therefore, a very large DG is not
always beneficial for the distribution system.

B. Optimal DG Placement and Sizing

After 200 iterations, the WOA algorithm iden-
tified the best setup as having two DG units at
buses 16 and 30. The DG at bus 16 has a capac-
ity of 0.993 MVA, and the one at bus 30 has a
capacity of 0.624 MVA. Together, the total DG
capacity was 1.617 MVA (Table 1), with a power
factor of 0.88. Before installing the DG units, the
voltage at bus 16 was 0.920 PU with a phase an-
gle of 0.200° and at bus 30, it was 0.921 PU with a
phase angle of 0.197. After DG installation, the
voltage at both buses increased to approximately
0.951 PU, demonstrating that DG placement im-
proves voltage stability in the feeder (Figure 2).

C. Overall System Performance Improve-
ment

System performance was verified by comparing
the base case with the system after DG installa-
tion. In the base case, the lowest voltage in the
network was 0.9191 PU at bus 19, and the high-
est was 0.9619 PU at bus 2. After DG placement,
the minimum and maximum voltages increased
to 0.9510 PU and 0.9741 PU, respectively. This
indicates that the voltage levels became more sta-
ble. The total active power loss decreased from

354.638 kW in the base case to 149.779 kW after
DG installation. This represented a reduction of
204.858 kW, or approximately 57.77%. The reac-
tive power loss also decreased from 207.600 kVAR
to 87.679 kVAR, a decrease of 119.920 kVAR, or
approximately 57.77% (Figure 3).

The branch connecting buses 1 and 2 recorded
the highest active power flow. Initially, it
was 4927.766 kW, but after DG installation,
it decreased to 3402.674 kW. This represented
a reduction of 1525.092 kW, or approximately
30.95%. The reactive power flow in this branch
also fell from 2615.859 kVAR to 1788.038 kVAR.
The objective function value used in the opti-
mization also improved. It decreased from 1.000
in the base case to 0.422 after DG placement.
The total feeder load was 4764 kW of active
power and 2520 kVAR of reactive power. The op-
timized DG placement improved the overall sys-
tem operation (Figure 4).

2.1.1 D. Comparison of Single and
Multiple-DG Configuration

Several DG installation scenarios were tested.
Using multiple DG units slightly improved the
voltage profile and reduced power losses com-
pared with using a single DG unit. However, the
difference in loss reduction between two, three,
and four DG units was negligible (less than 0.15
kW). The objective function values for cases with
multiple DG units were nearly identical, at ap-
proximately 0.422. The single-DG case had a
slightly higher value of 0.424; however, the dif-
ference was insignificant. From an economic per-
spective, the installation cost is important. Each
DG unit requires additional investment and in-
creases operating and maintenance costs. Al-
though three or four DG units can reduce losses
slightly more, the improvement is very small
compared to the extra system cost. In conclu-
sion, having two DG units with a total capacity
of 1.617 MVA (Table 2) at buses 16 and 30 is the
best practical solution. This setup delivers a sig-
nificant voltage improvement and reduces losses
while maintaining lower installation and operat-
ing costs (Figure 5).
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3. Table and Figures

Table 1: 11 kV Bypass Feeder Data

SN |[BusNo  R(Q?) [ X () | Ampere | KVA | Bus No Kw Kvarh
0 0 0 1 0 0
1 1 0.8165 | 0.4780 400 200 2 170 90
2 2 0.1577 | 0.0923 400 100 3 85 45
3 3 0.1528 | 0.0894 400 100 4 85 45
4 4 0.1940 | 0.1136 400 300 5 255 134
5) ) 0.0818 | 0.0479 400 200 6 170 90
6 6 0.1187 | 0.0695 400 200 7 170 90
7 7 0.1364 | 0.0798 400 200 8 170 90
8 8 0.1485 | 0.0869 400 100 9 85 45
9 9 0.1045 | 0.0612 400 200 10 170 90
10 10 0.0703 | 0.0412 400 100 11 85 45
11 11 0.0850 | 0.0497 400 200 12 170 90
12 12 0.0772 | 0.0452 400 160 13 136 72
13 13 0.0118 | 0.0069 400 160 14 136 72
14 14 0.0674 | 0.0395 400 100 15 85 45
15 15 0.0051 | 0.0030 400 100 16 85 45
16 16 0.0547 | 0.0320 400 100 17 85 45
17 17 0.0251 | 0.0147 400 160 18 136 72
18 18 0.0738 | 0.0432 400 200 19 170 90
19 5) 0.2026 | 0.1186 400 200 20 170 90
20 20 0.2465 | 0.1443 400 200 21 170 90
21 21 0.3960 | 0.2319 400 25 22 21 11
22 22 0.3158 | 0.1849 400 200 23 170 90
23 20 0.2449 | 0.1434 400 200 24 170 90
24 22 0.0833 | 0.0488 400 200 25 170 90
25 8 0.0721 | 0.0422 400 200 26 170 90
26 8 0.0721 | 0.0422 400 100 27 85 45
27 9 0.0491 | 0.0287 400 300 28 255 134
28 28 0.0221 | 0.0129 400 200 29 170 90
29 12 0.0812 | 0.0475 400 100 30 85 45
30 30 0.0715 | 0.0419 400 200 31 170 90
31 31 0.1399 | 0.0819 400 100 32 85 45
32 12 0.0791 | 0.0463 400 100 33 85 45
33 33 0.0229 | 0.0134 400 200 34 170 90
34 13 0.0406 | 0.0237 400 200 35 170 90

Total 4.52 2.65 5605.00 4764.25 | 2508.85

Optimal DG Placement Using WOA

Pokharel et al

o7



ISSN: XXXX-XXXX PU Journal of Science and Engineering Vol. I, No. I
Table 2: DG Placement Comparison in Bypass Feeder
S.N. | Parameter Case 1 (2 | Case 2 (3 | Case 3 (4 | Case 4 (5 | Remarks
DGs: Bus | DGs: Bus | DGs: Bus | DGs: Bus
16, 30) 10, 12, 17) | 34, 18, 13, | 13, 12, 18,
35) 31, 5)
1 Total DG Size | 1.617 1.617 1.617 1.617 Equal total DG
(MVA) size in all cases
2 Minimum Voltage | 0.951 0.9507 0.9507 0.9507 Almost  identical
(p-u.) across all cases
3 Maximum Voltage | 0.9741 0.9741 0.9741 0.9741 Identical
(p-u.)
4 Total Power Loss | 149.779 149.806 149.641 149.733 Case 3 gives the
(kW) lowest power loss
5 Total Reac- | 87.679 87.695 87.598 87.652 Case 3 again has
tive Power Loss the lowest reactive
(kVAR) loss
6 Objective  Func- | 0.422 0.422 0.422 0.422 All same (opti-
tion Value mized equally)
7 Active Power Loss | 204.858 204.832 204.996 204.904 Highest reduction
Reduction (kW) (57.77%) (57.76%) (57.80%) (57.78%) in Case 3
8 Reactive ~ Power | 119.920 119.905 120.001 119.947 Highest reduction
Loss  Reduction | (57.77%) (57.76%) (57.80%) (57.78%) in Case 3
(kVAR)
9 Active Power Flow | 1525.092 1525.067 1525.219 1525.117 Case 3 slightly
Reduction (kW) (30.95%) (30.95%) (30.95%) (30.95%) best
10 | Minimum Voltage | 19 32 32 32 Case 1 improves
Bus No. voltage at bus 19
(critical)
26 o
Substation | B 4 5 6 - 8 8 10 n 12 13 14 15 16 17 18 19
Npppbppbpoppbbppbppp
1 | 1 — 1 — I 1 F 1 1 1 1 | 1
g g
27 28 29 35
20 21 22 23 a2 33 34
P> > P b

25

Figure 1: SLD of 11KV Bypass feeder

Optimal DG Placement Using WOA

Pokharel et al

o8




ISSN: XXXX-XXXX

PU Journal of Science and Engineering

Vol. I, No. I

DG is Located at Bus-19

DG at PF: 1
DG at PF: 0.9
DG at PF- 0.7
DG at PF- 0.6
DG at OpPFlag 0.88

Total Real Power Loss in kW

0 1000 2000 3000 4000 5000 6000
DG Size in kVA

Figure 2: Impact of DG Size on Active Power
Losses in Bypass Feeder
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Figure 5: Voltage and loss profile across scenar-
ios

4. Conclusion and Future Scope

In this study, the whale optimization algorithm
was successfully applied to determine the opti-
mal location and size of solar DG units in a real
35-bus, 11 kV bypass feeder of the Biratnagar
distribution center of the Nepal Electricity Au-
thority. With two solar DG units totaling 1.617
MVA placed at buses 16 and 30, active power
losses were reduced by 57.77 % (from 354.6 to
149.8 kW), and the minimum bus voltage im-
proved from 0.919 to 0.951 PU without any net-
work reconfiguration or energy storage. These
results prove that appropriately sized solar DGs
units can significantly enhance the performance
of rural long-radial feeders in Nepal.

5. Future Scope

1. Integration of short-duration battery en-
ergy storage to handle evening peak loads
and cloudy periods.

2. Extension of the model to include sea-
sonal load growth forecasts (5%-8 % an-
nual growth in the Morang District) and
multiple years of operation.

3. Investigation of hybrid solar + small hy-
dro DG for feeders with access to both re-

sources.

4. Development of a simple Excel- or
MATLAB-based tool for NEA field engi-
neers to quickly evaluate the DG potential
on other 11 kV feeders.

5. Real-time field pilot installation on the by-
pass feeder to validate the simulation re-
sults.

6. Author’s declaration

The authors declare no conflicts of interest re-
garding the publication of this research paper.
All contributors agreed to the final draft of the
manuscript.

Optimal DG Placement Using WOA

Pokharel et al 59



ISSN: XXXX-XXXX PU Journal of Science and Engineering Vol. 1, No. I

7. Declaration of the conflict of interest 8. Acknowledgement

The authors thank the Department of Electri-

cal Engineering, School of Engineering, Purban-

chal University, Nepal, for providing facilities and
The authors declare that there are no irreconcil- guidance. They also thank their colleagues and
able circumstances. All authors contributed to staff for their help and support during the re-
the preparation of the final manuscript. search.

References

Abderahim, B. M., Leila, G., and Hadj, L. B. (2022). Optimal placement and sizing of distributed
generation in distribution systems. In 2022 IEEE International Conference on FElectrical Sciences
and Technologies in Maghreb, pages 1-6. IEEE.

Adhikari, K. R., Gurung, S., and Bhattarai, B. K. (2014). Solar energy potential in nepal and global
context. Journal of the Institute of Engineering, 9:95-106.

Biswal, S. R., Shankar, G., Elavarasan, R. M., and Mihet-Popa, L. (2021). Optimal allocation/sizing
of dgs/capacitors in reconfigured radial distribution system using quasi-reflected slime mould algo-
rithm. IEEE Access, 9:125658-125677.

Gaonkar, D. N., Jayalakshmi, N. S., and Raghvendra, P. (2014). Performance study of roof top wind
solar microgrid system in isolated mode of operation. In 2014 IEFEE International Conference on
Power Electronics, Drives and Energy Systems, pages 1-6. IEEE.

Gauli, M. K., Phoungthong, K., Techato, K., and Gyawali, S. (2023). Predicting the stability of smart
grid for improving the sustainability using distributed generation technology. e-Prime — Advances
in Electrical Engineering, Electronics and Energy, 5:100185.

Hung, D. Q., Mithulananthan, N., and Lee, K. Y. (2014). Determining pv penetration for distribution
systems with time-varying load models. IEEE Transactions on Power Systems, 29:3048-3057.

Kotb, K. M., Elmorshedy, M. F., Salama, H. S., and Dén, A. (2022). Enriching the stability of
solar/wind dc microgrids using battery and superconducting magnetic energy storage based fuzzy
logic control. Journal of Energy Storage, 45:103751.

Li, H., Wang, L., Xiang, Y., Tan, J., Xiao, R., Xie, K., and Xia, Y. (2016). Reliability evaluation
of active distribution systems considering energy storage and real-time electricity pricing. In 2016
International Conference on Probabilistic Methods Applied to Power Systems, pages 1-5. IEEE.

Marimuthu, A., Gnanambal, K., and Priyanka, R. (2017). Distributed generation placement and
sizing for power loss reduction and voltage profile improvement. In 2017 International Conference
on Innovations in Green Energy and Healthcare Technologies, pages 1-5. IEEE.

Mirjalili, S. and Lewis, A. (2016). The whale optimization algorithm. Advances in Engineering
Software, 95:51-67.

Morshidi, M. N.; Musirin, I., Abdul Rahim, S. R., Adzman, M. R., and Hussain, M. H. (2018).
Whale optimization algorithm based technique for distributed generation installation in distribution
system. Bulletin of FElectrical Engineering and Informatics, 7:442—-449.

Optimal DG Placement Using WOA Pokharel et al 60



ISSN: XXXX-XXXX PU Journal of Science and Engineering Vol. 1, No. I

Murty, V. V. S. N. and Kumar, A. (2015). Optimal placement of dg in radial distribution systems
based on new voltage stability index under load growth. International Journal of Electrical Power
& Energy Systems, 69:246—256.

Nepal Electricity Authority (2025). Distribution & consumer services directorate. Technical report,
Nepal Electricity Authority.

Prakash, R., Lokeshgupta, B., and Sivasubramani, S. (2018). Multi-objective bat algorithm for optimal
placement and sizing of distributed generation. In 2018 20th National Power Systems Conference
(NPSC), pages 1-6. IEEE.

Uniyal, A. and Kumar, A. (2016). Comparison of optimal dg placement using csa, gsa, pso and ga for
minimum real power loss in radial distribution system. In 2016 IEEE 6th International Conference
on Power Systems (ICPS), pages 1-6. IEEE.

Optimal DG Placement Using WOA Pokharel et al 61



	Introduction
	Methodology
	G. Voltage stability index for optimal DG placement
	Result and Discussion
	D. Comparison of Single and Multiple-DG Configuration


	Table and Figures
	Conclusion and Future Scope
	Future Scope
	Author's declaration
	Declaration of the conflict of interest
	Acknowledgement

