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Abstract: The growing demand for electricity has raised concerns about power dissipation in distribution systems. To mitigate these losses,
capacitors and distributed generation (DGs), particularly solar photovoltaic (PV) systems, are strategically placed within the system. This
project is committed to reducing power losses and improving the voltage profile through an in-depth analysis, optimizing the placement
of capacitor and distributed generation along the distribution feeder. The application of forward and backward sweep (FBS) algorithms
assists load flow analysis in distribution networks with high R/X ratios, while the incorporation of the genetic algorithm (GA) within
MATLAB identifies optimal locations and size for capacitors and DGs inside the large solution space of this complex, nonlinear
optimization problem. Test outcomes, conducted on an IEEE 33-bus test system as its convincing representation of medium-sized
distribution network providing a versatile platform for evaluating proposed methodologies with practical implementation, showcase load
flow examination, improvements in voltage profiles, and minimized energy dissipation. The methodology is further applied to the real
distribution network of the Sallaghari-Thimi 11 kV feeder in Bhaktapur, Nepal, sustaining the approach’s effectiveness in mitigating
power losses and increasing voltage profiles. Distributed generation with capacitor outperforms capacitors, and DG integration in the
power system results in significant reductions of 72.91% in real power loss and 63.45% in reactive power loss, with a notable 6.542%
increase in voltage magnitude. Application of these strategies in the Thimi—Sallaghari 11 kV feeder demonstrates significant power loss
saving (up to 82.72%) and worthy improvements in voltage profiles (up to 5.32%), focusing on their effectiveness in enhancing
operational efficiency. This approach provides a practical solution for optimizing capacitor and solar PV DG placement in distribution
networks considering various case scenarios.

Keywords: power loss reduction, voltage profile enhancement, capacitor placement, DG (solar PV) placement, genetic algorithm, IEEE 33-bus
radial network, Sallaghari-Thimi 11 kV feeder

1. Introduction

The demand for electricity is increasing on daily basis. This
brings complexity in the distribution system network. Analyzing
the distribution system is crucial as it serves as the essential link
connecting the bulk power system with consumers. Nepal
Electricity Authority [1] has overall system losses of electricity of
13.46% including the loss in transmission system and distribution
system. Sallaghari-Thimi feeder significantly contributes to this
overall power loss in Nepal. This feeder is used for realization of
different case scenario for power loss reduction and voltage
characteristic improvement.

Reducing distribution losses is attainable through careful selection
of distribution transformers, feeder optimization, network reorganization,
strategic placement of shunt capacitors, and integration of distributed
generation at various network points. Capacitors play a vital role in

*Corresponding author: Yam Krishna Poudel, Department of Electrical and
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compensating reactive power, reducing losses, improving voltage
levels, enhancing power factor, and increasing system efficiency.
Distributed generation derived from various sources, including fuel
cells, solar photovoltaic (PV) systems, wind turbines, micro-hydro
turbines, gas turbines, and micro-turbines, contributes to the overall
efficiency. Seasonal production of energy from wind energy appears
feasible in Nagarkot (particularly near to Thimi—Sallaghari feeder)
given the average wind speed and the wind power density of the
sites [2]. Consequently, solar PV is most suitable option.

In this project, solar PV is utilized as a distributed generation
source, injecting active power into the system and proving to be
feasible for a real distribution system. Various optimization
techniques are employed to determine the optimal placement, size,
and locations of capacitors and distributed generation units. It is
crucial to ensure that their placement is optimal to maximize
benefits and minimize their impact on the power system, as
inappropriate placement may compromise overall system
operation [3].

© The Author(s) 2024. Published by BON VIEW PUBLISHING PTE. LTD. This is an open access article under the CC BY License (https://creativecommons.org/
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Inadequate selection of the size and placement of reactive power
support can lead to increased power losses and degradation of the
system’s voltage profile. The distribution system experiences two
types of losses: active power loss and reactive power loss, calculated
using Equations (1) and (2), respectively,

Pus = (31, BR:) )
Qus = (D1, 1) @

Where:

R;, x; are current resistance and reactance of iy, line, respectively.

Py, and Qy,,, are the active power loss and reactive power loss
in system, respectively.

This work utilizes genetic algorithms (GAs) because of its
ability to explore a large solution space and find near-optimal
solutions. GA uses the process of natural selection, evolving
potential solutions over multiple generations. This evolutionary
approach is well suited for complex, nonlinear optimization
problems, such as determining the optimal locations for capacitors
and DGs in a distribution system. Its aims are to decrease power
losses and improve the voltage profile across different scenarios in
a 33-bus test system defined by IEEE standards. The practical
application ~ of  these  strategies is emphasized for
real-world impact, i.e., in Sallaghari-Thimi 11 kV feeder. It is
significant as it validates the effectiveness of the proposed
strategies in a real-world setting. This application offers insights
into the challenges and complications of implementing optimal
capacitor and distributed generation placement, clarifying the
adaptability and reliability of the approach in addressing practical
distribution system complexities.

2. Literature Review

A study was conducted to assess the impact of coordinating
DG, capacitors, and combined coordination of DG with capacitor
to reduce power loss. This was compared to individual
coordination methods, with a focus on evaluating their
effectiveness. Research in power system optimization has seen
through examination of methodologies for minimizing power
losses and enhancing energy efficiency. The literature highlights
diverse strategies, with a particular focus on optimal capacitor
placement [4-7], DG (distributed generation) siting [8—13], and
integrated approaches combining both capacitor and DG
placement [14-17]. Capacitor placement and DG placement
studies have employed methods, such as GAs [11], Tabu search
[18], and harmonic search algorithms [19], with a strong
emphasis on renewable energy solutions. DG placement
literature includes hybrid optimization approaches [7], particle
swarm optimization [20], selective particle swarm optimization
[21], local search optimization [22], and improved multi-
objective harmony search algorithms [19]. Integrated studies
addressing both capacitor and DG placement have utilized loss
sensitivity factor methods [23], ant colony optimization [7], and
hybrid solutions (HSs) combining particle swarm optimization,
coot bird optimization [24], and GAs [4].

Research by Ahmadi et al. [23] explored optimal shunt capacitor
positioning in radial distribution networks using the loss sensitivity
factor method and particle swarm optimization, yielding cost savings
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and improved system performance. Additionally, Hamidan and
Borousan [18] proposed a two-stage approach integrating loss
sensitivity analysis and ant colony optimization for optimal capacitor
positioning and sizing, demonstrating significant cost savings and
competitive performance. Chaudhary et al. [25] optimized different
type of DG systems in a radial system using a GA with the Newton—
Raphson method, contributing to advancements in renewable energy
integration. Rugthaicharoencheep et al. [26] employed a GA for
feeder reconfiguration, effectively minimizing power loss while
adhering to constraints.

Furthermore, Jamil [16] investigated grid strategies, including real
power distribution, reactive power addition, and transformer tap
changing, emphasizing the superiority of the GA over
Newton—Raphson for optimizing power flow. Lastly, Abraham and
Oluwafemi [4] developed a HS combining particle swarm
optimization and GAs to adjust shunt capacitor placement and size
in a radial distribution system (RDS), resulting in a substantial
decrease in real power loss and higher voltage stability.

This project focuses on the utilization of solar PV as DG to
inject active power into the system, addressing the need for
optimal capacitor and DG placement. GA optimization techniques
are employed to determine the size and locations of capacitors and
DG units. It is crucial to find an optimal balance, as improper
placement can diminish benefits and pose operational risks to the
entire system [3]. By combining these considerations, the research
aims to contribute practical perceptions into minimizing
distribution losses and enhancing overall distribution system
performance. The literature review underscores various
optimization approaches, highlighting that the simultaneous
coordination of distributed generation (DG) and capacitors using
hybrid algorithms consistently outperforms separate methods,
leading to superior power loss reduction and enhanced voltage
profiles. These studies provide valuable insights into optimal
component placement and sizing, addressing challenges related to
increasing electricity demand and integrating renewable energy
sources. The findings contribute to guiding research and
advancing the development of efficient and sustainable
distribution systems through the study of different case scenarios.

3. Problem Formulation

The goal is to compute both real and reactive power losses
within the network. This study primarily aims to determine the
best placement and size for shunt capacitors and DGs with
objective of minimizing overall power loss enhancing system
voltage profile, while adhering to certain operational constraints.
A key assumptions made is that the system is in balanced state.
The fitness function for the optimal capacitor and DG placement
problem is formulated to minimize the total power loss across the
system, expressed by Equations (3) and (4):

Pn+1 = Pn - Ploss,n - PLrH»l (3)

Qn+1 = Qn - Qloss.n - QLn+l (4)

Where:

P, and Q,, are the real power and reactive power flow out of # bus,
respectively, and

Pr,y1 and Qp,,; are the real power losses and reactive power
losses at n+1 bus of distribution network, respectively.
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Real and reactive power losses at each bus are calculated, taking
into account the power flow, losses, and voltage parameters.

The total power, i.e., real and reactive power loss in section
between n and n+1 bus, is expressed by Equations (5) and (6),

P2 +Q2
Ploss("a”+ 1) =R, an - ®)
n
P2+Q2
Qluss(n’n + 1) =X, nVZ s (6)
n

Here,
Py (n,n + 1), is the real power loss between n and n+1.
Qposs (1,1 + 1), is the reactive power loss between n and n+1.
The total power loss of the system is determined by the
summation of losses in all line sections, which is given as:

Plass(n7n+ l) = Z;:l Plass(n7n+ 1) (7)

anss(n7 n—+ 1) = E;:l Qlus:(n7 n+ 1) (8)

This comprehensive evaluation considers for both real and reactive
power losses in the distribution network, providing an integrated
perspective on the system’s efficiency.

Objective Function:

The objective function centers on minimizing power losses
within the network, represented as the sum of squared currents
multiplied by the resistance and reactance of each line. The goal
of the objective function centered on minimizing power losses
within the network. The objective function is represented as:

F= min(Z:’ZO Ifr,-) 9)
F= min(Z?:O Il-le->

where I, r;, and x; are current, resistance, and reactance of i line. In
fact, sum of active power losses of lines, between buses, are consid-
ered as total losses of the distribution network. The analysis takes
into account various constraints to ensure that all crucial parameters
fall within acceptable limits. The constraints are enumerated below:
1) Voltage constraint:

(10)

The voltage magnitude at every bus should fall bus within the
range of 90% to 105% of the nominal voltage:

Vmin S Vi S Vmax (11)
where V,,,,, and V,;, are maximum and minimum acceptable voltage limits
in volt at bus 7, respectively. And V; is the magnitude of voltage at & bus.
Constraints on DG output and capacitor size further regulate
their contributions to the system.
2) DG output constraint (continuous variable):
PDG,min S PDG S PDGArrmx (12)
where Ppg nin and Ppg max represent the lower and upper bounds of
acceptable DG output in kI, respectively.
0 < Ppg < 50% of total power.
3) Capacitor size constraint:

Cmin S C S Cmax (13)

where C,,,, and C,,;,, denote the upper and lower limits for acceptable

capacitor sizes in kVAr, respectively.

4) Power balance constraint for the system:
Power balance constraints enforce equilibrium between generated
and demanded power, accounting for the active and reactive power
of generators, DGs, capacitors, and losses across the network. The
equilibrium between the generated power and the demanded power
must be maintained:

PG+Z?<C11P:Z?:1P1‘+PL (14)
Q+Y Q=" u+Q (15)

where P and Qg represent the active and reactive power of the gen-
erator at the slack bus. P and Q denotes the active and reactive power
of the DG or capacitor. P; and Q; stand for the active and reactive
power demand at bus . P; and Q; correspond to the total active and
reactive power losses. “n” is the number of buses and “ncd” is the
number of DGs or capacitors.

4. Research Methodology

The proposed approach seeks to optimize the size and placement
of capacitor and DG through the utilization of GAs. The primary
objective is to minimize both active and reactive power losses while
ensuring compliance with predefined constraints. The analysis
involves a load flow calculation assessment using the forward and
backward sweep (FBS) algorithm, with MATLAB code initially
verified against the IEEE 33-bus standard system. The approach
subsequently implemented on Sallaghari-Thimi 11 kV feeder within
the Bhaktapur distribution system, encompassing a total of 11 buses.

4.1. Proposed algorithms

4.1.1. Genetic algorithm (GA)

It is an optimization method that is inspired by the natural process
and first introduced by Goldberg [27]. Then, it is elaborated in detail using
the tutorials by Gonen [28]. GA is a population-based algorithm that starts
with a randomly generated set of solutions, referred to as individuals or
chromosomes it iteratively refines a population of solutions,
progressively steering them toward the optimal solution. In
MATLAB, the GA implementation begins by defining the fitness
function, which assesses the objective function to be minimized or
maximized. The GA is a global search technique employed for
solving the optimization problems. It draws inspiration from the
principal of natural selection and biological evolution process. GA
consists of population of binary string, which searches many peaks in
parallel [29].

1) A GA starts by creating a population of individuals with random
binary or real values. Each individual’s fitness is evaluated using
a fitness function. The algorithm uses roulette wheel selection to
pick parents with higher fitness for the next generation.

2) These parents undergo crossover (gene swapping) and mutation
(gene modification) to produce offspring. The offspring and best
parents are evaluated for fitness, and the fittest individuals are
selected to create the next generation.

3) This process repeats to evolve better solutions. This process is
repeated until the algorithm reaches a termination criterion,
such as reaching maximum number of iterations or achieving
convergence of the fitness value.
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The objective is to minimize power losses, and the fitness
function quantifies how well a particular set of capacitor and DG
placements contributes to achieving this goal. It takes into account
the active and reactive power losses in different sections of the
network, providing a quantitative measure of the overall system
efficiency. By defining and optimizing this fitness function, the
GA iteratively refines the population of solutions, steering them
toward configurations that result in lower power losses and
improved operational efficiency in the distribution system.

Figure 1
Flow chart illustrating the genetic algorithm process
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Finally, the GA algorithm returns the best individual, which
corresponds to the optimal solution discovered by the algorithm
shown by flow chart in Figure 1.

4.1.2. Backward—forward sweep algorithm

Traditional techniques such as Newton—Raphson and fast
decoupled methods are ill suited for handling systems
characterized by high R/X ratios, making the backward—forward
sweep (BFS) method a more in handling complex distribution
network. In systems with high R/X ratios, the impedance (R/X) of
the lines is significant compared to the resistance (R) alone. This
can result in voltage drops that have a more pronounced impact
on the system’s performance. The proposed method performs a
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load flow analysis, accurately establishing power losses for each
branch and voltage magnitudes at individual nodes within a RDS.
Testing on an IEEE 33-bus RDS using MATLAB yielded
promising results [30].

In radial distribution networks, conventional power flow
methods designed for distribution systems are not suitable due to
convergence and computational efficiency issues. To address this,
the BFS approach, tailored for radial systems, is applied. By
dividing the network into forward and backward sweeps, the
algorithm processes the system in a step-by-step manner,
iteratively updating voltage values and handling complex
interactions between loads, capacitors, and DGs. It involves two
processes in each iteration: backward sweep calculates power or
current flow from terminal nodes to the reference node, while the
forward sweep computes node voltages from the reference node to

Figure 2
Flow chart showing process of sweep algorithm

‘ Constuct Initial

Population

|
Y

( Fitness evaluation J

No select individual from old population

'

Apply crossover and mutation

-

A4
[ old population=new population ]

'

‘ Fitness evaluation

termination
criteria(max Gen=2000

Yes
4

Return Solution




Archives of Advanced Engineering Science Vol. 3

Iss. 4 2025

the end nodes. Voltage convergence is tested after each iteration,
with the BFS process starting by calculating node injection
currents and then iteratively determining voltage magnitudes until
convergence is achieved. i.e.,

Max(V*+) — vK) < e (tolerance value in Volt) (16)
The introduced BFS algorithm is implemented to IEEE 33-bus
network and practically applied in a real feeder for load flow
calculations. Flow chart of BFS process is shown in Figure 2.

5. Results and Discussion

For this experiment, the line and load data of this test system are
from Baran and Wu [31]. The test system has been simulated using
MATLAB code. The proposed test system has 4 feeders and 33
buses, and bus 0 is taken as slack bus as shown in Figure 1. This is
also applied in real feeder, i.e., Sallaghari-Thimi 11 kV feeder
which comprises line data (resistance and reactance) and load data
(active load and reactive load) for the Sallaghari—-Thimi feeder [32]
whose line diagram is shown in Figure 2. The results obtained from
IEEE 33-bus test system are divided into three cases, i.e., base case,
capacitor placement case, DG placement case, and tabulated in
Table 1. This shows the parameters value obtained in this
experiment. The results obtained from the analysis of Sallaghari—
Thimi 11 kV radial feeder are shown in Table 2.

5.1. IEEE 33-bus test system

The block diagram of IEEE 33-bus test system is shown in
Figure 3. The candidate location and size for the different cases are
selected as given from MATLAB. Table 1 represents the results of
the proposed method’s performance. Initially, in IEEE 33-bus
distribution system without any reinforcement, the total active power
loss is 202.66 KW and the reactive power loss is 135.131 KVAR.
The lowest voltage magnitude is observed at 18" measuring
0.91309 pu. These results are obtained by the MATLAB simulation.

Figure 4 shows the voltage profile of a 33-bus RDS under three
different conditions: the base case, after placing capacitors, after
placing DG (solar PV), and placing capacitor with DG. The

voltage profile is the magnitude of the voltage at each bus in the
system, expressed as a per-unit (pu) value. The base case is the
system with no capacitors or DG.

The voltage profile is fairly flat and minimum at 18" bus in base
case. After placing capacitors at optimal location with its optimal size
improves the voltage profile by raising the voltage at those buses.
This is because capacitors can absorb reactive power, which can
help to improve voltage regulation as capacitor is placed at 30™
bus. Also placing DG at optimal positon with optimal size further
improves the voltage profile by both raising the voltage and
reducing the load on the system. This is because DG can provide
both real and reactive power. In this, solar PV gives active power
to the distribution system which can help to improve voltage
stability and reduce losses. Overall, the results of this study show
that capacitors with DG can be effective tools for improving the
voltage profile of distribution systems.

From Figure 5, the strategic placement of capacitors proves
instrumental in mitigating power loss by enhancing the voltage profile
and diminishing the flow of real power, particularly evident near the
27h 28 20t and 30™ branches, with a capacitor positioned at the
30th bus. Concurrently, DGs, represented by solar PV systems,
contribute to power loss reduction by locally generating real power,
thereby minimizing the need for external transmission from the main
grid. The optimal placement of solar PV at the 7th bus optimally
injects active power into the system, resulting in an overall reduction
in power loss. The regions with the most substantial power loss,
notably at the 2nd, 3rd, 4th, and 5th buses, showcase the significant
impact of solar PV placement. Additionally, the noticeable power loss
reduction at the 27%, 28% 29% and 30" buses highlights the
effectiveness of capacitor placement in improving the voltage profile.

Form Table 1, the placement of capacitors in the power system
resulted in significant improvements, with a reduction 0f29.142% in
actual (real) power loss, 28.714% in reactive power loss, and an
enhancement of the magnitude of voltage by 1.38%. Additionally,
the placement of DG sources led to even more substantial
improvements, yielding a reduction of 46.72% in real power loss,
44.16% in reactive power loss, and a voltage magnitude
improvement of 3.54%. Combining DG and capacitor placement
produced remarkable results, with a 72.91% reduction in real
power loss, a 63.45% reduction in reactive power loss, and a

Table 1
Findings from the IEEE 33-bus test system

Base case  Capacitor placement case DG placement case ~ Capacitor and DG placement case
Location (bus) - 30 7 7 = (DG) and 30 (Cap)
Size - 1252.7 kVAr 2000 kW 2000 (kW) and 1246.5(kVAr)
Active power losses (kW) 202.66 143.602 107.969 54.9
Reactive power losses (kVAr) 135.131 96.3378 75.4512 40.61
Magnitude of voltage at 18 bus (pu) 0.9130 0.9256 0.9453 0.9573
Table 2

Results of Sallaghari-Thimi 11 KV feeder

Base case  Capacitor placement case DG placement case  Capacitor and DG placement case
Location (bus) - 7 7 7 = (DG) and 4 (Cap)
Size - 877.93 kVAr 886.074 kW 685.2079 (kW) and 388.278 (kVAr)
Active power losses (kW) 56.27 32.3825 31.9334 9.72
Reactive power losses (kVAr) 52.29 30.0902 29.6728 9.06
Magnitude of voltage at 11™ bus (pu) 0.942 0.9664 0.9684 0.991
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Figure 3
Load flow diagram for IEE-33 bus radial distribution system (ETAP)
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significant 6.542% improvement in voltage magnitude. These
enhancements contribute to the reliability and overall efficiency of
the infrastructure of power system.

5.2. Sallaghari-Thimi 11 KV feeder

The line diagram of Sallaghari—Thimi 11 kV feeder system is sown
in Figure 6. In this system, without any reinforcement, the total active
power loss is 56.2797 KW and reactive power loss is 52.29 KVAR. The
voltage magnitude is lowest at 11™ bus which is 0.942 pu.

Following the load flow analysis in MATLAB across various
case scenarios, including the base case, capacitor placement case,
DG placement case, and DG with capacitor placement case, the
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distinct voltage profiles for each scenario are illustrated in Figure 7.
Similarly, the graph depicting the characteristic reduction in active
power loss is presented in Figure 8, providing a comprehensive
visual representation of the system’s performance under different
configurations. These figures serve as valuable tools for assessing
and comparing the impact of capacitor placement, DG integration,
and their combined deployment on the voltage profile and active
power loss within the power system.

Maintaining the proper voltage magnitude is essential for the
efficient and reliable operation of electrical power systems. It ensures
the optimal performance of equipment, protects against damage,
promotes energy efficiency, and contributes to the overall stability
and reliability of the power grid. Figure 7 shows the voltage profile
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in different case scenario by capacitor and DG placement. As electricity
travels through the conductor, there is a natural resistance that leads to a
voltage drop. The longer the feeder line, the higher the voltage drop, so
at 11" bus voltage drop is more.

Similarly, the maximum power loss occurs at 1% branch, and
this is due to higher load demand which results in higher current
flow through the branch, leading to increased resistive losses (*R
losses) and higher power losses.

Adding capacitors and DG to the system can significantly
reduce active power losses and improve the voltage regulation as
shown in Figures 7 and 8. This is because capacitors can absorb
reactive power, which can help to improve power factor along
with voltage characteristic and reduce line losses. DG (solar PV)
can also provide real power, which can help to reduce overall load
on the system and further reduce losses.

In the Sallaghari—Thimi 11 kV feeder, the placement of capacitors
resulted in a substantial 42.46% reduction in power loss and an
impressive 2.59% progress in magnitude of voltage. Similarly, the
introduction of DG led to a noteworthy 43.26% decrease in power
loss and a 2.8% enhancement in voltage magnitude. Combining DG
and capacitors in this feeder further improved the performance, with
a significant 82.72% reduction in power loss and a 5.32% increase
in voltage magnitude, underscoring the efficacy of these measures in
enhancing the operational efficiency of the feeder.

6. Conclusion

This paper outlines a methodology for optimizing both the
location and size of capacitors and DGs approaching GAs to
minimize total power loss and enhance voltage profiles within
RDSs. Load flow analysis is conducted in MATLAB, employing
BFS methods for the IEEE 33-bus radial distribution test system
and the Thimi—Sallaghari 11 kV feeder. This research assumes that
system is balanced. Various scenarios are simulated to determine
the most favorable outcomes based on total power loss reduction
and improvement in the profile of voltage. The power flow results
acquired from these tools are consistent, revealing different flows
and losses of both active and reactive power. The analysis identifies
areas with potential voltage drops and high losses, which can be
addressed through the strategic placement of capacitors and DG
units. The findings indicate that the DG with capacitor placement
approach outperforms other scenarios in both the radial test system
with 33 buses according to the IEEE standard and the Sallaghari—
Thimi 11 kV feeder. This is best suited practically for Sallaghari—
Thimi 11 kV feeder as it has the possibility of injecting solar PV.
These enhancements encompass reduced power losses and
improved voltage profiles, suggesting promising prospects for
practical implementation in other real feeders in the future.

Ethical Statement

This study does not contain any studies with human or animal
subjects performed by any of the authors.

Conflicts of Interest

The authors declare that they have no conflicts of interest to
this work.

Data Availability Statement

Data sharing is not applicable to this article as no new data were
created or analyzed in this study.

272

Author Contribution Statement

Jay Prakash Mahato: Methodology, Data curation. Yam
Krishna Poudel: Conceptualization, Methodology, Software,
Validation, Formal analysis, Investigation, Resources, Data
curation, Writing — original draft, Writing — review & editing,
Visualization, Supervision, Project administration. Raman
Kumar Mandal: Methodology, Data curation. Madan Raj
Chapagain: Methodology, Data curation.

References

[1] Nepal Electricity Authority. (2023). Annual reports. Retrieved
from: https://www.nea.org.np/annual_report
[2] Laudari, R., Sapkota, B., & Banskota, K. (2018). Wind farming
feasibility assessment in 16 locations of Nepal. Invertis Journal
of Renewable Energy, 8(4), 179-191. https://doi.org/10.5958/
2454-7611.2018.00026.7
[3] Haider, W., Hassan, S. J. U., Mehdi, A., Hussain, A., Adjayeng,
G. 0. M., & Kim, C.-H. (2021). Voltage profile enhancement
and loss minimization using optimal placement and sizing of
distributed generation in reconfigured network. Machines,
9(1), 20. https://doi.org/10.3390/machines9010020
Abraham, E. S., & Oluwafemi, 1. (2022). Power loss
minimization and voltage profile improvement on electrical
power distribution systems using optimal capacitor placement
and sizing. International Journal of Advances in Electrical
Engineering, 3(1), 1-8. https://doi.org/10.22271/27084574.
2022.v3.ila.14
Ismail, B., Abdul Wahab, N. 1., Othman, M. L., Radzi, M. A.
M., Naidu Vijyakumar, K., & Mat Naain, M. N. (2020). 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, 8, 222733-222765. https://doi.org/10.1109/
ACCESS.2020.3043297

[6] Kola Sampangi, S., & Jayabarathi, T. (2019). Loss
minimization techniques for optimal operation and
planning of distribution systems: A review of different
methodologies. International Transactions on Electrical
Energy Systems, 30(2), e12230.

[7] Onlam, A., Yodphet, D., Chatthaworn, R., Surawanitkun, C.,
Siritaratiwat, A., & Khunkitti, P. (2019). 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, 12(3), 553. https://doi.org/10.3390/
en12030553

[8] Alam, A., Gupta, A., Bindal, P., Siddiqui, A., & Zaid, M.
(2018). Power loss minimization in a radial distribution
system with distributed generation. In 2018 International
Conference on Power, Energy, Control and Transmission
Systems, ~ 21-25.  https://doi.org/10.1109/ICPECTS.2018.
8521619

[9] Amraj, N. J., Boonrach, N., & Bhumkittipich, K. (2021). Optimal
allocation and sizing of photovoltaic-battery energy storage
systems in distribution network for power loss minimization. In
2021 International Conference on Power, Energy and
Innovations, 33-36. https://doi.org/10.1109/ICPEI52436.2021.
9690692

[10] Roy, K., Srivastava, L., & Dixit, S. (2020). A forward-
backward sweep and ALO based approach for DG allocation

—
N
—_

—
(O]
—_


https://www.nea.org.np/annual_report
https://doi.org/10.5958/2454-7611.2018.00026.7
https://doi.org/10.5958/2454-7611.2018.00026.7
https://doi.org/10.3390/machines9010020
https://doi.org/10.22271/27084574.2022.v3.i1a.14
https://doi.org/10.22271/27084574.2022.v3.i1a.14
https://doi.org/10.1109/ACCESS.2020.3043297
https://doi.org/10.1109/ACCESS.2020.3043297
https://doi.org/10.3390/en12030553
https://doi.org/10.3390/en12030553
https://doi.org/10.1109/ICPECTS.2018.8521619
https://doi.org/10.1109/ICPECTS.2018.8521619
https://doi.org/10.1109/ICPEI52436.2021.9690692
https://doi.org/10.1109/ICPEI52436.2021.9690692

Archives of Advanced Engineering Science Vol.3 Iss.4 2025
in radial distribution system. In 2020 IEEE First International ~ [21] Essallah, S., & Khedher, A. (2020). Optimization of
Conference on Smart Technologies for Power, Energy and distribution system operation by network reconfiguration and
Control, 1-6. https://doi.org/10.1109/STPEC49749.2020. DG integration using MPSO algorithm. Renewable Energy
9297775 Focus, 34, 37-46. https://doi.org/10.1016/j.ref.2020.04.002
[11] Siregar, R. H., Away, Y., Tarmizi, & Akhyar. (2023). [22] Suresh, M. C. V., & Edward, J. B. (2020). A hybrid algorithm
Minimizing power losses for distributed generation (DG) based optimal placement of DG units for loss reduction in the
placements by considering voltage profiles on distribution distribution system. Applied Soft Computing, 91, 106191.
lines for different loads using genetic algorithm methods. https://doi.org/10.1016/j.as0c.2020.106191
Energies, 16(14), 5388. https://doi.org/10.3390/en16145388 [23] Ahmadi, M., Adewuyi, O. B., Danish, M. S. S., Mandal, P.,

[12

[14

[15

[17

[18

—_—

—_

—_

—_

—_

]

—_

—
[
Nl

—

—_

Sridevi, J., Rani, V. U., & Rao, B. L. (2019). Integration of
renewable DGs to radial distribution system for loss
reduction and voltage profile improvement. In 2019 Ist
International Conference on Electrical, Control and
Instrumentation Engineering, 1-6. https://doi.org/10.1109/
ICECIE47765.2019.8974670

Anteneh, D., Khan, B., Mahela, O. P., Alhelou, H. H.,, &
Guerrero, J. M. (2021). Distribution network reliability
enhancement and power loss reduction by optimal network
reconfiguration. Computers & Electrical Engineering, 96,
107518. https://doi.org/10.1016/j.compeleceng.2021.107518

Chege, S. N., Murage, D. K., & Kihato, P. K. (2018). Distribution
generation and capacitor placement in distribution systems.
Proceedings of the Sustainable Research and Innovation
Conference, 63—69.

Alzahrani, A., Alharthi, H., & Khalid, M. (2020). Minimization
of power losses through optimal battery placement in a
distributed network with high penetration of photovoltaics.
Energies, 13(1), 140. https://doi.org/10.3390/en13010140
Jamil, U. (2023). Power loss minimization of distribution network
using different grid strategies. arXiv Preprint: 2307.06275.
https://doi.org/10.48550/arXiv.2307.06275

Kumar, S., Sarita, K., Vardhan, A. S. S., Elavarasan, R. M., Saket,
R. K., & Das, N. (2020). Reliability assessment of wind-solar PV
integrated distribution system using electrical loss minimization
technique. FEnergies, 13(21), 5631. https://doi.org/10.3390/
enl13215631

Hamidan, M. A., & Borousan, F. (2022). Optimal planning of
distributed generation and battery energy storage systems
simultaneously in distribution networks for loss reduction and
reliability improvement. Journal of Energy Storage, 46,
103844. https://doi.org/10.1016/j.est.2021.103844

Zhang, Y., Shotorbani, A. M., Wang, L., & Li, W. (2022). A
combined hierarchical and autonomous DC grid control for
proportional power sharing with minimized voltage variation
and transmission loss. [EEE Transactions on Power
Delivery,  37(4), 3213-3224.  https://doi.org/10.1109/
TPWRD.2021.3125254

Fathy, A., Yousri, D., Abdelaziz, A. Y., & Ramadan, H. S. (2021).
Robust approach based chimp optimization algorithm for
minimizing power loss of electrical distribution networks via
allocating  distributed ~ generators.  Sustainable  Energy
Technologies and Assessments, 47, 101359. https:/doi.org/10.
1016/j.seta.2021.101359

[24

—_

[25

—_—

[26]

[27]
(28]

[29]

[30]

[31]

[32]

Yona, A., & Senjyu, T. (2021). Optimum coordination of
centralized and distributed renewable power generation
incorporating battery storage system into the electric
distribution network. International Journal of Electrical
Power & Energy Systems, 125, 106458. https://doi.org/10.
1016/j.ijepes.2020.106458

Memarzadeh, G., Arabzadeh, M., & Keynia, F. (2023). A new
optimal allocation of DGs in distribution networks by using
coot bird optimization method. Energy Informatics, 6(1), 30.
https://doi.org/10.1186/s42162-023-00296-x

Choudhary, R., Lodhi, R. S., & Nema, P. (2017). Study of
power loss in three phase radial distribution system.
International Journal of Research, 4(8), 316-323.
Rugthaicharoencheep, N., Nedphograw, S., & Wanaratwijit, W.
(2011). Distribution system operation for power loss
minimization and improved voltage profile with distributed
generation and capacitor placements. In 2011 4th International
Conference on Electric Utility Deregulation and Restructuring
and Power Technologies, 1185-1189. https://doi.org/10.1109/
DRPT.2011.5994074

Goldberg, D. E. (1989). Genetic algorithm in search
optimization and machine learning. USA: Addison-Wesley.
Gonen, T. (1986). Electric power distribution system
engineering. USA: McGraw-Hill.

Michalewic, Z. (1996). Genetic algorithms + data structures =
evolution programs (3rd ed.). Germany: Springer. https://doi.
org/10.1007/978-3-662-03315-9

Michline Rupa, J. A., & Ganesh, S. (2014). Power flow analysis
for radial distribution system using backward/forward sweep
method. International Journal of Electrical and Computer
Engineering, 8(10), 1628-1632.

Baran, M. E., & Wu, F. F. (1989). Network reconfiguration in
distribution systems for loss reduction and load balancing.
IEEE Transactions on Power Delivery, 4(2), 1401-1407.
https://doi.org/10.1109/61.25627

KC, A. K., & Regmi, T. R. (2019). Optimal allocation of
capacitor bank for loss minimization and voltage
improvement using analytical method. SCITECH Nepal,
14(1), 1-7. https://doi.org/10.3126/scitech.v14i1.25527

How to Cite: Mahato, J. P., Poudel, Y. K., Mandal, R. K., & Chapagain, M. R.
(2025). Power Loss Minimization and Voltage Profile Improvement of Radial
Distribution Network Through the Installation of Capacitor and Distributed
Generation (DG). Archives of Advanced Engineering Science, 3(4), 265-273.
https://doi.org/10.47852/bonviewAAES42022031

273



https://doi.org/10.1109/STPEC49749.2020.9297775
https://doi.org/10.1109/STPEC49749.2020.9297775
https://doi.org/10.3390/en16145388
https://doi.org/10.1109/ICECIE47765.2019.8974670
https://doi.org/10.1109/ICECIE47765.2019.8974670
https://doi.org/10.1016/j.compeleceng.2021.107518
https://doi.org/10.3390/en13010140
https://doi.org/10.48550/arXiv.2307.06275
https://doi.org/10.3390/en13215631
https://doi.org/10.3390/en13215631
https://doi.org/10.1016/j.est.2021.103844
https://doi.org/10.1109/TPWRD.2021.3125254
https://doi.org/10.1109/TPWRD.2021.3125254
https://doi.org/10.1016/j.seta.2021.101359
https://doi.org/10.1016/j.seta.2021.101359
https://doi.org/10.1016/j.ref.2020.04.002
https://doi.org/10.1016/j.asoc.2020.106191
https://doi.org/10.1016/j.ijepes.2020.106458
https://doi.org/10.1016/j.ijepes.2020.106458
https://doi.org/10.1186/s42162-023-00296-x
https://doi.org/10.1109/DRPT.2011.5994074
https://doi.org/10.1109/DRPT.2011.5994074
https://doi.org/10.1007/978-3-662-03315-9
https://doi.org/10.1007/978-3-662-03315-9
https://doi.org/10.1109/61.25627
https://doi.org/10.3126/scitech.v14i1.25527
https://doi.org/10.47852/bonviewAAES42022031

	Power Loss Minimization and Voltage Profile Improvement of Radial Distribution Network Through the Installation of Capacitor and Distributed Generation (DG)
	1. Introduction
	2. Literature Review
	3. Problem Formulation
	4. Research Methodology
	4.1. Proposed algorithms
	4.1.1. Genetic algorithm (GA)
	4.1.2. Backward-forward sweep algorithm


	5. Results and Discussion
	5.1. IEEE 33-bus test system
	5.2. Sallaghari-Thimi 11 KV feeder

	6. Conclusion
	Ethical Statement
	Conflicts of Interest
	Data Availability Statement
	Author Contribution Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


