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ABSTRACT

The integration of solar photovoltaic (PV) systems and electric vehicles (EVS)
presents both opportunities and challenges for modern electrical distribution
networks, especially in Nepal, where the shift toward decentralized renewable energy
is increasing the demand on the grid. As these technologies introduce intermittent
generation and variable load patterns, optimizing distribution systems, particularly
radial-loop configurations, is crucial to minimize line losses, stabilize voltage, and
improve overall network reliability, addressing the unique energy challenges faced by
urban areas in Nepal. The main objective of this research is to identify the optimal
radial-loop configuration for the Nuwakot Distribution Center, integrating EV loads
and solar PV systems to minimize line losses, reduce voltage fluctuations, and
enhance system stability and reliability. This includes assessing the impact of EV
charging stations and solar PV generation on network performance, developing and
simulating various radial-loop configurations, optimizing feeder configurations to
improve efficiency and voltage stability, and minimizing losses in the distribution
network. This methodology optimizes electrical distribution feeder configurations by
integrating Solar PV, EV loads, and system load patterns through literature review,
data collection, load flow analysis, and iterative reconfiguration, ultimately testing the
optimal configuration for minimizing power loss, maintaining voltage stability, and
ensuring reliability in the distribution network at Nepal Electricity Authority (NEA),
Nuwakot Distribution Center (NDC). This research highlights the benefits of
optimizing NEA, NDC, Nepal's urban distribution network by integrating Electric
Vehicle (EV) charging loads and Solar Photovoltaic (PV) systems, with data showing
a 50% reduction in daily feeder losses (from 813.79 kWh to 395.23 kWh), an
improvement in minimum bus voltage from 10.44 kV to 10.80 kV, and the use of six
tie switch configurations. The study demonstrates how dynamic feeder
reconfiguration and the use of renewable energy sources can improve network

performance while maintaining safety and reliability.
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CHAPTER: 1 INTRODUCTION

1.1 Background

The integration of renewable energy sources such as solar photovoltaic (PV) systems
and the increasing penetration of electric vehicles (EVs) present significant
opportunities and challenges for modern electrical distribution networks. As the
transition to clean energy accelerates, optimizing the design and operation of
distribution systems has become essential to ensure reliability, efficiency, and
sustainability. Among various network configurations, radial-loop systems offer a
promising solution by balancing the trade-off between installation cost, system

reliability, and operational efficiency [1].

In particular, the addition of EVs and solar PV systems into the grid poses unique
challenges, primarily concerning the management of increased energy demand and
intermittent renewable generation. EVs, with their growing adoption, represent a
substantial load on distribution networks, potentially exacerbating issues like voltage
fluctuation and line loss [2]. Meanwhile, solar PV systems, though beneficial for
reducing the carbon footprint, contribute to voltage fluctuations due to their variable
generation patterns [3]. Thus, it is critical to assess and optimize the radial-loop
configuration of distribution networks, considering these new loads and generation

sources, to minimize line losses and maintain voltage stability.

The rapid growth of renewable energy technologies and electric mobility presents
both significant opportunities and challenges for power distribution networks
worldwide. In Nepal, the increasing integration of solar Photovoltaic (PV) systems
and the growing adoption of Electric Vehicles (EVs) are transforming the energy
landscape, especially in urban areas. Nepal’s energy sector, historically reliant on
hydropower, is undergoing a shift towards decentralized renewable energy sources
such as solar PV, which contributes to reducing dependency on conventional grid
power [4]. However, the integration of these technologies into the existing
distribution networks, particularly in urban areas, poses several challenges, including
voltage instability and higher line losses, due to the unpredictable nature of renewable

generation and the fluctuating demand from EV charging stations [5].

Conventional radial distribution systems, which are commonly used in Nepalese

cities, have limitations in handling bidirectional power flow and distributed energy



resources. These systems often face issues such as line losses, voltage drops, and low
system reliability when new loads like EVs and renewable generation sources like
solar PV are integrated [6]. As such, there is a pressing need to optimize the
configuration of these networks to ensure better integration of distributed energy,

mitigate losses, and enhance voltage stability.

This research aims to assess the optimal radial-loop configuration for urban Nepalese
distribution networks, focusing on the integration of EV loads and solar PV systems.
By evaluating different radial-loop configurations, the study will explore strategies to
minimize line losses and reduce voltage fluctuations, thus enhancing the efficiency
and reliability of the network. The results of this work are expected to provide
valuable insights for policymakers, utility companies, and engineers in Nepal, helping
to design more robust and efficient distribution systems that can better accommodate
the increasing demand for renewable energy and electric vehicles in urban areas. This
research will contribute to the growing body of knowledge on optimizing power
distribution networks in developing countries, with a specific focus on Nepal’s unique

energy challenges.

1.2 Problem Statement

The integration of renewable energy sources, particularly solar Photovoltaic (PV)
systems, and the increasing adoption of Electric Vehicles (EVs) in urban areas present
significant challenges for power distribution networks. In Nepal, the transition
towards decentralized energy generation and electric mobility is accelerating, but the
existing distribution infrastructure, especially in urban centers, is not adequately
equipped to handle the complexities introduced by these technologies. As a result,
issues such as increased line losses, voltage fluctuations, and grid instability have
become prominent, jeopardizing the reliability and efficiency of power supply in

urban Nepalese distribution networks.

Traditional radial distribution networks, which are commonly employed in Nepal, are
inherently limited in their ability to manage bidirectional power flow, a characteristic
feature of distributed generation systems such as solar PV. Additionally, the
unpredictable charging demands of EVs, particularly during peak hours, exacerbate
these challenges, leading to inefficiencies in power distribution. Current feeder

configurations, which primarily focus on conventional loads and infrastructure, fail to



optimize for the dual integration of renewable energy and EVs, leaving the

distribution system vulnerable to inefficiencies and performance degradation.

This research seeks to address these issues by exploring the optimal radial-loop
configuration for urban Nepalese distribution networks, specifically incorporating the
integration of EV loads and solar PV systems. The primary objective is to identify a
configuration that minimizes line losses, reduces voltage fluctuations, and enhances
overall system stability and reliability in the face of increasing demand and renewable
energy generation. The study will develop models and optimization techniques
tailored to the specific needs of Nepalese distribution systems, focusing on their
unique operational challenges, such as high line losses, voltage instability, and the

lack of advanced grid management infrastructure.
The problem is multifaceted, as it involves:

i.  The need for an optimized configuration that accounts for both solar PV

generation and EV load demands, which vary throughout the day.

ii.  The requirement for advanced optimization algorithms that can address these
challenges in a computationally efficient manner, suitable for real-time

application in a developing country context.

iii.  The necessity of proposing a configuration that not only minimizes technical
losses but also ensures voltage stability, thereby improving the quality and

reliability of electricity supply in urban areas.

Addressing this problem will contribute to the development of more sustainable,
resilient, and efficient power distribution networks in Nepal, enabling the successful
integration of renewable energy sources and electric mobility into the national grid.
The results of this study have the potential to inform energy policy and utility
strategies, ultimately helping to enhance the performance and stability of Nepal’s

urban power distribution systems.

1.3 Objective

1.3.1 Main Objective
The main objective of this research is to assess and identify the optimal radial-loop
configuration for the urban distribution network at NEA, Nuwakot Distribution

Center that integrates Electric Vehicle (EV) loads and solar Photovoltaic (PV)



systems, intending to minimize line losses, reducing voltage fluctuations, and
improving overall system stability and reliability. This optimization will enhance the
efficiency of the distribution network while accommodating the growing adoption of

renewable energy and electric vehicles in Nuwakot, Nepal.

1.3.2 Specific Objectives

To achieve the main objective, the specific objectives are as follows:

i.  To assess how the inclusion of both EV charging stations and solar PV
generation affects the performance of distribution networks at the urban area
of Nuwakot Distribution Center, particularly in terms of power losses, voltage

stability, and load demand fluctuations.

ii. To develop models of various radial-loop configurations for distribution
systems at Nuwakot DC that incorporate EV loads and solar PV systems.
Simulate these models to analyze their performance under different

operational conditions.

iii.  To optimize the feeder configuration to determine the most efficient feeder

configuration that minimizes line losses in the distribution network.

iv.  To improve voltage stability and minimize voltage fluctuations caused by the

integration of distributed generation and fluctuating EV charging demand.

By achieving these objectives, the study aims to contribute to a deeper understanding
of how urban distribution systems in Nepal can be optimized to accommodate the
future demands of renewable energy and electric mobility, while improving the

efficiency and stability of the network.

1.4 Scopes of the Study

This research will focus on the assessment of optimal radial-loop configurations for
urban Nepalese distribution networks, incorporating Electric Vehicle (EV) loads and
solar Photovoltaic (PV) systems. While the findings may have broader applications,
the primary context is based on the challenges and characteristics of Nepalese cities,
where the integration of renewable energy and EVs is rapidly increasing. This
research will consider the integration of solar PV systems and EV charging
infrastructure into the existing power distribution network. The study will not cover

other forms of renewable energy (such as wind or biomass) or advanced technologies



like energy storage systems, which are outside the scope. The optimization will
address issues such as minimizing line losses, improving voltage stability, and
enhancing system reliability while integrating the dynamic loads from EVs and the
intermittent nature of solar energy. The study will consider different timeframes for
the simulation of EV charging demand and solar generation, focusing on daily and
seasonal variations. However, it will not delve into long-term grid expansion planning
or explore multi-year dynamics. The research will use computer simulations to model
various feeder configurations and evaluate their performance under different
operating conditions, considering factors such as load variation, solar generation, and

EV demand.

1.5 Limitations of the Study

Despite the comprehensive approach, several limitations exist in this study:

i.  The study’s findings may be limited by the availability and accuracy of data
on the actual distribution network infrastructure, solar PV generation, and EV

load profiles in urban Nepalese settings.

ii.  During optimization process, certain assumptions will need to be made, such
as uniform load distribution, standard operating conditions, and average solar
generation profiles. These assumptions may not fully reflect the complexity of

real-world conditions.

iii.  The study will focus on radial-loop feeder configurations, which may not

address all potential network optimization scenarios.

iv.  The study will assume representative load profiles, but these assumptions may
not fully capture the actual variability in EV charging demand, especially

during peak times or in the event of unexpected EV adoption surges.

v.  The focus of the research will be primarily on solar PV and EVs, without
considering other distributed energy resources like wind or energy storage

systems.

While this research will provide valuable insights into optimizing distribution
networks with the integration of solar PV and EVs, the identified limitations highlight
the need for further studies that can refine the models, gather more precise data, and
explore other variables that may influence the performance of Nepalese distribution

systems.



CHAPTER: 2 LITERATURE REVIEW

Different studies have been carried out to provide optimal radial and loop feeder
configuration in a distribution network reducing the line loss and voltage drop.
Subsection 2.1 reviews the different studies carried on distribution system feeder

optimization till now. Subsection 2.2 presents the research gap between past studies

and considerations of this research to address such research gap.

2.1 Previous Studies

Over the years, numerous studies have been conducted on the optimization of
distribution system feeders, focusing on improving the efficiency and reliability of
electrical power distribution networks. These studies have primarily concentrated on
minimizing power losses, enhancing voltage stability, and ensuring the effective
integration of distributed energy resources (DERs) such as solar PV systems and
electric vehicles (EVs). Radial distribution networks are typically the default
configuration in many power systems due to their simplicity and low installation
costs. However, they are often less reliable, as any fault or failure at a single point can
cause a large portion of the network to go offline [7]. In contrast, looped networks,
which connect various points in a closed-loop configuration, can provide higher
reliability and flexibility by offering alternative paths for electricity flow during faults
or disturbances. While looped systems have higher installation costs and are more
complex to operate, they can reduce system losses and improve voltage regulation [8].
The literature highlights that the optimal configuration between radial and looped
systems often depends on various factors, including cost, reliability, load patterns, and
integration of renewable energy sources. A hybrid approach, involving both radial and
looped topologies, has been proposed as a solution to combine the cost-efficiency of
radial networks with the reliability benefits of looped systems. Studies by [9] suggest
that such hybrid configurations could help optimize the trade-off between system
losses and reliability, especially when coupled with distributed energy resources like
solar PVs and EV charging stations. The incorporation of solar PV systems into
distribution networks has been widely recognized for its potential to reduce
dependency on fossil-fuel-based generation and decrease greenhouse gas emissions
[10]. However, solar PVs also introduce challenges, primarily due to their intermittent

and variable nature. As PV output fluctuates with weather conditions, it can lead to



voltage instability and significant power quality issues such as voltage fluctuations

and over-voltages during periods of high solar generation [3].

Early research in distribution system optimization focused on minimizing power
losses through techniques such as load flow analysis, optimal placement of
transformers, and feeder reconfiguration. For example, studies by [11] emphasized the
importance of reconfiguring feeders in radial distribution networks to reduce losses
and enhance voltage profiles. Various optimization algorithms, such as genetic
algorithms (GA), particle swarm optimization (PSO), and simulated annealing (SA),
were applied to solve these problems, yielding improved efficiency and lower
operational costs in the distribution system. Recent advancements in optimization
techniques have shown that Particle Swarm Optimization (PSO) is a powerful and
efficient method for solving various problems related to optimal feeder configuration.
In particular, the integration of Electric Vehicle (EV) charging loads and solar
Photovoltaic (PV) generation into the optimization models has presented new
challenges and opportunities for improving the efficiency and reliability of

distribution systems.

A study on [12] used PSO for optimal feeder reconfiguration to minimize power loss
in radial distribution systems. The authors demonstrated that PSO could efficiently
optimize feeder switches, resulting in reduced losses and improved voltage stability.
Similarly, [13] used PSO to find the optimal placement of distributed generation (DG)
units in distribution systems, taking into account both active and reactive power flow,
and minimizing feeder losses. This method showed significant improvements in
system efficiency and reduced operational costs. Study in [14] proposed a PSO-based
method for optimal feeder reconfiguration that integrates the impact of EV charging
loads. The study demonstrated that PSO could adapt to fluctuating EV demands,
allowing for optimal feeder reconfiguration and load balancing in real-time. The
authors highlighted the advantage of PSO in handling the uncertainty and variability
of EV charging patterns, which can be highly dynamic, by adjusting the configuration

to optimize power distribution.

Another study by [15] focused on the combined optimization of EV charging stations
and distribution network configuration. They used PSO to determine the optimal
location and size of EV charging stations while minimizing power loss and ensuring

voltage stability under varying EV charging loads. Study by [16] proposed a PSO-

7



based approach for optimal feeder configuration that incorporated both EV charging
and solar PV generation. The study focused on reducing power losses and improving
the voltage profile while accounting for the variability of both EV and PV. The
authors demonstrated that PSO, through its ability to explore a large solution space,
was able to find optimal feeder configurations that minimized losses while
maintaining voltage stability in the presence of uncertain load and generation patterns.
They also highlighted the advantage of PSO in handling the stochastic nature of
renewable energy generation and EV charging loads. In [17] extended this work by
integrating battery storage systems into the optimization model. The authors used
PSO to determine the optimal configuration of feeders, placement of solar PV
systems, EV charging stations, and energy storage units. The study aimed to reduce
the impact of EV charging on the feeder network and to enhance the reliability of the
system under varying renewable energy generation. The results showed that PSO
effectively managed the dynamic fluctuations in both solar power generation and EV
load while ensuring that voltage profiles were maintained and system losses

minimized.

Recent studies have shifted towards integrating renewable energy sources and EVs
into distribution systems. For instance, [18] presented a feeder optimization approach
for systems incorporating both solar PV and EV loads, aiming to mitigate issues like
voltage fluctuations and unbalanced loads. The study highlighted the challenges of
bidirectional power flow and the need for dynamic adjustments to the feeder
configuration to accommodate the intermittent nature of solar energy and the variable
demand from EV charging stations. Similarly, [19] explored the optimal configuration
of distribution feeders in the presence of EVs and distributed energy sources,
proposing a hybrid optimization technique that considers both operational constraints

and economic factors.

Also, [20] examined the application of Distribution Feeder Reconfiguration (DFR) in
smart grids with high EV penetration. The study proposed a two-stage optimization
strategy: the first stage optimized EV charging/discharging schedules using a genetic
algorithm, while the second employed a modified Grey Wolf Optimization algorithm
for DFR. Results showed a marked reduction in system losses and improved voltage
profiles when both coordinated EV scheduling and feeder reconfiguration were

employed. This research highlights the synergistic benefits of combining feeder



optimization with EV management strategies, paving the way for more resilient
distribution networks. Guzman-Henao et al. [21] investigated the optimal integration
of PV systems into distribution networks, analyzing technical, financial, and
environmental factors. The study proposed a holistic optimization framework to
determine the ideal size and location of PV systems to enhance system reliability and
sustainability. Their multi-criteria decision-making approach ensured that PV
integration not only improved technical performance but also met financial viability
and environmental sustainability targets. This work emphasizes the importance of
cross-disciplinary planning in PV deployment. Noruzi Azghandi et al. [22] presented
a hybrid optimization approach combining Particle Swarm Optimization (PSO) and
Artificial Bee Colony (ABC) algorithms for reconfiguring distribution feeders with
integrated EVs and Distributed Generators (DGs). The objective was to minimize
total energy losses and improve load balancing while considering time-of-use pricing.
The proposed algorithm effectively managed dynamic EV charging demand and
intermittent DG output, demonstrating superior performance compared to traditional
methods. This study showcases how hybrid metaheuristic techniques can significantly

enhance distribution system performance.

A study in [23] introduced an equivalent network modeling technique that accounts
for harmonics generated by PV systems during feeder reconfiguration. The study
stressed the importance of maintaining Total Harmonic Distortion (THD) within
IEEE-519 standards to ensure power quality. By considering both harmonic content
and network topology in the reconfiguration process, the study offered a practical
approach to balancing renewable integration with quality standards. This contribution
is particularly important in contexts where PV penetration levels are high and
sensitive loads are present. Khaing et al. [24] focused on the co-optimization of
Battery Energy Storage Systems (BESS) and PV in EV-integrated distribution
systems. Using advanced metaheuristic algorithms such as Particle Swarm
Optimization (PSO) and African Vulture Optimization Algorithm (AVOA), the
authors identified optimal locations and capacities for BESS and PV units. Their
objective was to minimize network costs, reduce peak demand, and improve voltage
profiles. The study revealed that strategic co-placement of BESS and PV could
mitigate the fluctuations associated with EV charging and PV intermittency, thereby

stabilizing the network. Turan and Gokalp [25] examined the integration of EV



charging stations equipped with solar power plants, focusing on the design of
protection and voltage control systems. The study identified major challenges,
including bidirectional power flows and fault detection complexities due to the
presence of PV sources. They proposed modified relay settings and adaptive
protection schemes to accommodate the new dynamics. This work is essential in
ensuring the reliability and safety of distribution systems amid increasing DER
penetration. Faria et al. [26] explored aggregator-based models for managing EVs in
distribution networks. Their framework allowed aggregators to coordinate EV
charging and discharging based on market signals and grid constraints. The study
showed that such coordination could minimize operational costs and enhance the
participation of EVs in demand response programs. By integrating market-based
control with technical planning, this model adds flexibility and intelligence to EV
integration strategies. Knezovic and Andersen [27] assessed the potential of EVs to
provide grid services through flexible charging. Their research quantified the
technical and economic benefits of using EVs for frequency regulation, voltage
support, and peak shaving. The study emphasized that EV flexibility, when
aggregated and properly managed, could serve as a valuable grid asset rather than a
disruptive load. This perspective reinforces the need to view EVs not just as

consumers but as active participants in the smart grid ecosystem.

In the context of Nepal, which is experiencing an increasing adoption of solar PV and
EVs, several studies have been carried out to assess the integration of these
technologies into the country’s distribution networks. For example, [28] examined the
impact of solar PV integration on the existing radial distribution systems in urban
Nepal, identifying issues related to voltage instability and high line losses. They
proposed the use of advanced optimization techniques to enhance the distribution

network's performance, including feeder reconfiguration and voltage regulation.

Overall, the body of literature demonstrates the growing importance of optimizing
distribution system feeders in the face of new challenges posed by renewable energy
integration and electric mobility. Many studies suggest that an optimal radial-loop
configuration, particularly in urban areas, can significantly improve system
performance by minimizing line losses and voltage deviations. However, research on
optimizing feeders for Nepal’s specific distribution systems, considering both EV

loads and solar PV systems, remains limited and warrants further investigation.
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2.2 Research Gap

While significant progress has been made in the optimization of distribution system
feeders, particularly with the integration of renewable energy sources (such as solar
PV) and Electric Vehicle (EV) loads, several gaps remain in the existing literature.
These gaps highlight areas where further research is required to improve the
performance and efficiency of distribution networks, especially in the context of
urban areas in developing countries like Nepal. This subsection discusses the research
gaps identified from past studies and outlines the considerations of this research to

address these gaps.

One of the primary gaps in past studies is the limited focus on the integration of both
solar PV systems and EV loads simultaneously in the optimization of distribution
system feeders. While many studies have addressed feeder optimization with either
solar energy or EV loads in isolation, there is a lack of research that simultaneously
considers the interaction between these two emerging technologies. The combined
impact of variable solar generation and fluctuating EV charging demands on the
distribution network has not been fully explored, especially in the context of urban
Nepalese networks, where the adoption of both technologies is growing rapidly. Most
studies [19], [18] have concentrated on optimizing distribution feeders for either
renewable energy or EVs, but not both in an integrated manner, leading to a limited

understanding of how these factors interact within a single network.

Another significant gap is the application of optimization techniques to Nepal’s
specific distribution system configurations. Much of the existing research, such as that
by [11] and [28], has primarily focused on developed countries with advanced
infrastructure or on generalized models of distribution networks. These studies do not
adequately address the unique characteristics of Nepal’s distribution systems, which
are often more decentralized, face high levels of power loss, and experience voltage
instability due to the lack of robust grid infrastructure. The optimal radial-loop
configuration for such networks has not been thoroughly studied in Nepal, and the
integration of EVs and solar PV systems has not been specifically optimized for

Nepalese urban environments.

Additionally, while optimization algorithms such as genetic algorithms (GA), particle
swarm optimization (PSO), and simulated annealing (SA) have been widely used to

solve distribution network optimization problems [11], [18] there is a need for more
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context-specific and computationally efficient methods, particularly when considering
the unique operational challenges in Nepalese networks. Many of the existing
optimization models are computationally expensive and may not be well-suited for
real-time implementation in developing countries where computational resources and
access to large-scale simulation platforms are often limited. There is, therefore, a need
for more accessible, low-complexity optimization approaches that can be effectively

implemented in these settings.

This research aims to fill these gaps by exploring the optimal radial-loop
configuration for urban Nepalese distribution networks with the integration of both
EV loads and solar PV systems. Specifically, this study will simultaneously consider
solar PV and EV loads. This research will assess the combined impact of both
technologies on power loss, voltage deviations, and system stability, addressing the
gap in understanding their interactions in urban distribution networks. It will develop
a specific optimization technique to the unique features of Nepalese distribution
networks, considering local conditions such as grid infrastructure, power loss, and
voltage fluctuations, which have been inadequately addressed in prior studies. The
research will adopt or develop low-complexity optimization algorithms to ensure that
the solutions are practical for real-world implementation in Nepal, where

computational resources may be limited.

By addressing these gaps, this research will contribute to the development of more
efficient, reliable, and sustainable distribution networks in urban Nepal, offering
valuable insights that can be applied to similar contexts in other developing countries

facing similar challenges with renewable energy integration and electric mobility.
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CHAPTER: 3 RESEARCH METHODOLOGY

3.1 Generalized Flowchart @
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Figure 3-1: Generalized Flowchart of the Study
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The flowchart in Figure 3-1 outlines a systematic methodology for optimizing
electrical distribution feeder configurations, integrating Solar PV source, EV load,
and system load pattern. The research methodology commences with a thorough
literature review to establish an understanding of the existing knowledge related to
feeder reconfiguration in power distribution systems. This initial phase helps to
identify a research gap, highlighting areas where further investigation is required.
Subsequently, the research progresses to objective formulation to meet the identified
research gap. Following the formulation of objectives, the research involves
identifying key variables. This includes identifying the independent variables, such as
branch current and conductor properties like conductor type, impedance, admittance,
etc. Similarly, dependent variables such as distribution power loss, bus voltage
deviation (VD), and different tie switch combinations (SC) for the optimal
configuration of feeders, are identified. The study then proceeds to data input,
gathering comprehensive system bus and branch data, solar photovoltaic (PV)
generation profiles, electric vehicle (EV) load patterns, and tie switch information.
This data is collected from a real distribution system at NEA, NDC. The major parts
of the analysis involve performing load flow, system loss calculation, voltage
deviation calculations, and determination of the optimal tie switch combination while
maintaining constraints such as bus voltage constraints, power balance constraints,
conductor thermal limit constraints, and the operational constraints. This
computational phase is critical for evaluating the system's performance under various
configurations. If the pre-defined objectives are not met during this stage, the process
necessitates reconfiguring the feeder and iterating through the calculations again until

the constraints are satisfied.

Once the constraints are met, the proposed methodology is subjected to testing on
real-world data from NEA, NDC to validate its applicability and effectiveness.
Finally, the research culminates in the output, which is the optimal feeder
configuration with tie switch (TS) combination. This solution represents the most
efficient and effective arrangement that minimizes power loss, maintains voltage
stability, and ensures system reliability, thereby contributing to the advancement of
power distribution system optimization. Following subsections represents the specific

steps of the proposed research methodology.
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3.2 Analyzing Existing Studies

The first step of this study is to discuss research carried out related to distribution
system optimization with the integration of EV loads and Solar PV generators. As
discussed in section 2 and its subsections, there are various research carried out
mainly focused on optimization of radial distribution feeders with reduced
uncertainties and least computational costs. Even though number of studies has been
carried out, research on optimizing feeders for Nepal’s specific distribution systems,
considering both EV loads and solar PV systems, remains limited and requires further
investigation. With reference from different literatures, Particle Swarm Optimization
(PSO) will be used for the proposed optimization. Particle Swarm Optimization (PSO)
is a heuristic optimization technique inspired by the social behavior of birds flocking
or fish schooling. It is widely used for solving complex optimization problems
because of its simplicity and ability to find near-optimal solutions in a reasonable
amount of time. In the context of distribution feeder optimization, PSO has been
applied to various problems related to the efficient design and operation of electrical
distribution systems. When applied to distribution feeder optimization, which
involves tasks like minimizing power losses, enhancing voltage profiles, optimal
placement of EVs and Distributed generations, capacitor placement, and
reconfiguration, PSO has several distinct advantages over other optimization
techniques. These benefits arise from PSO's inherent characteristics, making it
particularly well-suited for the complex and dynamic nature of electrical distribution

systems.

3.3 Data Collection
Another major stage in the study is the input data collection. The research requires
various data sets to perform a comprehensive analysis. The major data required for the

study is as follows:
i.  Distribution Network Layout

This includes the detailed layout diagram of a distribution network having multiple
radial feeder combinations so that optimal radial and loop configuration can be
achieved by using controlled tie switches between them. All the generating stations,
distribution transformer loads, and tie switch connecting radial feeders to have a

looping operation are to be collected. The distribution line may include several
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branches with different conductor types. All of this distribution network information

is collected during this stage.
ii.  System Bus Data and Branch Data

After collecting the detailed distribution network layout, the bus data which includes
bus number, bus type, and active & reactive power injected into the bus, are collected
for the load flow study. Similarly, branch data consisting of connecting buses, line
resistance, line reactance, and admittance are collected to evaluate branch loss and bus
voltage deviations. This branch data varies with the length of the conductor between
the branches which is also collected from the network topology. All of this branch and

bus data are converted into the per unit system to a common base.
iii.  Solar PV Generation Data

The power generation from a solar PV cell depends on the solar radiation gain at that
particular time and location. To study the effect of solar PV generations in the
distribution system feeder configuration, the power generation from solar PV with

respect to the time of day is to be collected.
iv.  EV Load Pattern Data

Another major component of this study is the power consumption patterns of the EV
charging stations. This load pattern is very intermittent in nature, and the consumption
data can be collected from the smart meters installed at the charging station. After
gathering all of the above-mentioned data, the next step is objective formulation,
which processes the input raw data within specified constraints to give an appropriate

feeder configuration as an output.

3.4 Mathematical Formulation

In this stage, a mathematical objective function is formulated with specific constraints
of the system to process the given input data and result optimal feeder configuration
as an output. From various literatures, it is noted that the major objective of a
distribution system configuration is to minimize system line loss and bus voltage
deviation, maintaining the line thermal limit, supply continuity, and reliable

operations. The optimization problem can be formulated as follows [29]:
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3.4.1 Objective Function

The objective is to minimize the total line losses and voltage deviations across the
distribution network. The power loss in the distribution system is dependent on the
line current flowing through it and its resistivity. The objective function to minimize

distribution system loss can be expressed as [29]:

n
Min P = 2 Poss (1)
i=1

n
Or,Min P = z IR e oo (1)
i=1

Where, P,,4¢(i): is the power loss in feeder segment i.
n: is the number of feeder segments.

Ii = Branch current in feeder segment i.

Ri = Resistance of the branch i.

The regular supply of loads with acceptable voltage limits is necessary for the
distribution system operators. The voltage drop in the distribution line is dependent of
current flowing through the line and its impedances. The voltage at each node is the
difference between its predecessor node which is nearer to source and voltage drop in
the branch connecting them. In reference to [30], another objective function to

minimize the voltage drop is represented as follows:

MinV = Z AVG) e (2)
=1

Where, AV(j): is the voltage deviation at bus j
m: is the number of buses (nodes) connecting source to jth node.

The load flow studies provide the bus voltages and branch currents for a particular
feeder configuration which is further used to calculate the branch loss and minimal

bus voltage and thus the objective functions.

3.4.2 Power Flow Equations
The network’s power flow is governed by equations derived from Kirchhoff’s laws,

which include both active and reactive power. The distribution network consists of a

17



set of nodes (buses) connected by lines (or branches) that are either in a radial or loop
configuration. Each line has a resistance R and reactance X and each bus i has a
voltage Vi, load Pi, and reactive power Qi. The power flow equations for the network

are given by:

P, =V, * Z Vie(Gax Co5(8; — 63) + (Bige S(8; = 6)) v e (3)
k=1

0; =V, * Z Ve G Sn(8; — 6;0) — (Bite COS(8; = 6)) e v v e (4)
k=1

Here, Pi and Qi are the active and reactive power at the bus i.
Vi and 0i are the voltage magnitude and phase angle at bus i.
Gik and Bik are the real and imaginary parts of the bus-to-bus admittance matrix.

These static load flow equations (SLFE) are derived from Kirchhoff’s laws
considering line resistances and reactance balancing supply from source with load
demand. This load flow analysis in the distribution system helps in planning,
operation, and optimization. It allows utilities like NEA, NDC to ensure voltages stay
within acceptable limits, minimize power losses, and integrate renewable energy
sources effectively. For example, if a new solar farm is added, load flow studies can
predict voltage fluctuations and help in designing control strategies. Newton-Raphson
and Gauss-Seidel methods are the commonly used methods to solve load flow
equations. The Newton-Raphson method, which is known for its fast convergence rate
when applied to large networks, is used to calculate load flow solutions in this

proposed methodology.

3.4.3 Line Losses

The power losses in each feeder are calculated based on the difference between the
power supplied and the power consumed:

n

Pyoss (i) = Z[(Vi - V,-)Z. [cF) R ()|

Jj=1
Where, G;; is the conductance of the feeder between buses i and j.

The bus voltage at each bus is calculated using the load flow equation. By using the

voltage difference between the node and its resistance, the power loss in each branch
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can be evaluated. The total sum of individual branch loss is known as total
distribution system loss. By using an optimal tie switch combination, the branch loss
can be minimized by reducing the magnitude of current and distance between load

and source.

3.44 Optimization Constraints

I.  Voltage Constraints

Voltage constraints are enforced to maintain voltage within a permissible range at

each bus:
Vimin < Vi < Vinax fOT' all i

Where, Vmin and Vmax are the minimum and maximum allowable voltages for each
bus, ensuring voltage stability. As per Chapter (4), Rule (40), Sub-Rule (1) and (2) of
Electricity Regulation 2050, The standard supply voltage shall be maintained as
230/400 Volts and the fluctuation shall not be allowed for more than five percent in
standard volts. To maintain this voltage standard, NEA, NDC being a Nepalese utility,
have to maintain the primary voltage of 11/0.4 kV distribution transformer. Similarly,
as per Chapter (4), Rule (41), Sub-Rule (1) and (2) of Electricity Regulation 2050,
The standard supply voltage shall be maintained as 3.3, 6.6, 11, 22, and 33 Kilo Volts
and the fluctuation shall not be allowed for more than five percent in standard volts.
Thus the voltage constraints for this study are defined using the above-mentioned
standard and are set to a minimum of 10.45 kV (0.95 p.u.) to a maximum of 11.55
(1.05 p.u.) kV. The proposed methodology maintains the minimal system bus voltage
within the specified standard of 0.95 p.u.

1II. Power Balance Constraints

EV charging demand and solar generation are variable and are modeled as time-
varying load profiles. These profiles must be incorporated into the power flow
equations as dynamic loads. The load at each bus, particularly for EVs, will be
constrained by the maximum charging capacity and the solar power generation will be

bounded by the available irradiance at each time step.

Pey (@) = £(©). Pry mtax (D) o oo o e e e (6)

Poy (i) = g(O- Poy stax () oo e (7)

Here, Pgy (i) is the EV charging load at bus i at time t.
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Ppy (i) is the Solar PV generation at bus i at time t.

f(t) & g(t) are the functions representing the time-dependent variation of EV

demand and solar generation.

The total power generated (including from solar PV systems) and the total load

(including EVs) must balance:

PGTid(i) + PPV(") = PLoad(l) + PEV(I') (8)

As an electricity utility, it is compulsory to maintain the continuous power supply.
Continuously maintaining the distribution system load (transformer load, EV loads,
line loss) in balance with power generated by solar PV generators and other sources is
known for the performance analysis indicator on a distribution center. This study
maintains the supply and demand balance with the protection of islanding of load
centers during the operation of various tie switch combinations maintaining supply

reliability.
HI. Line Flow Limits
The power flowing through each line must not exceed its thermal limit:
Prine < Priermar fOr all line sections [
Here, Prjermar 18 the maximum thermal limit of the conductor used.

In a distribution network, there are various types of conductors used for various
branches connecting source to load. Each individual conductor has its own current
carrying capability which is defined by its material properties and size. This capacity
is known as the conductor thermal capacity and it indicates the maximum amperes
that the specific conductor can bear at particular climatic conditions. While
performing various feeder configurations in this study, the line current is maintained
below its specified thermal capability so as to prevent the conductor from overheating

and sag & clearance standard limits.

By solving the above optimization problem within the described constraints, the
optimal radial-loop configuration can be determined to minimize line losses, reduce

voltage fluctuations, and enhance overall system reliability and efficiency.
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3.5 System Modeling and Validation

After collecting the above-mentioned data and formulating the research methodology
with specified constraints, the system is modeled and its result is validated as per
technical requirements of the system. This involves developing a comprehensive
model of the urban distribution network, including both conventional and distributed
energy resources such as solar PV and EV charging stations. The distribution network
is modeled using standard electrical network elements (such as feeders, transformers,
and buses) in a software environment. The power flow equations is derived and used
for simulations to assess network performance under different configurations. The
next step involves modeling the load profiles, specifically focusing on the variability
of EV loads and the intermittency of solar generation. EV load profiles will be based
on representative charging patterns, including both residential and public EV charging
demand. Solar PV generation will be modeled as a function of time of day, season,
and geographical location, using typical meteorological data for urban Nepalese
environments. Various simulation scenarios will be executed to evaluate the
performance of different configurations. These simulations will assess key
performance indicators (KPIs), including line losses, voltage profiles, system
reliability, and power flow stability under varying solar generation and EV charging
demand. The results will be compared for each configuration to determine the optimal
configuration for the urban distribution network. The proposed optimal configuration
will be validated through comparison with benchmark cases and existing studies in
similar contexts. The feasibility and practical implementation of the results will be

evaluated, considering the specific characteristics of Nepalese distribution networks.
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CHAPTER:4  RESULTS AND DISCUSSION

4.1 System Under Consideration

The system considered for this research will focus on the typical urban distribution
network in Nepal, integrating Electric Vehicle (EV) loads and solar Photovoltaic (PV)
systems into the existing power grid. The test system for the proposed methodology
will be based on the radial-loop configuration of the Nuwakot Distribution Center,
operated by the Nepal Electricity Authority, located in Nuwakot, Nepal. Nuwakot,
situated in the Bagmati Province and to the immediate north of Kathmandu, the
capital city of Nepal, is known for its diverse cultural landscape and rapidly growing
economy. The demand for agricultural, industrial, and commercial electricity is
increasing significantly, driven in part by its strategic location along a major highway
connecting Nepal's capital with China. The Nuwakot Distribution Center includes six
33/11 kV substations and 19 radial 11 kV distribution feeders. Additionally,
approximately 742 11/0.4 kV distribution transformers are installed across the district,
and they serve a total of 613 kilometers of radial 11 kV feeders. The district's various
consumer categories are supplied through 400/230 V low-tension distribution lines,

consuming approximately 40 million units of electrical energy annually.
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Figure 4-1. Typical Layout of Feeder and Substation Arrangements at Nuwakot DC
The figure above illustrates the typical distribution layout of the NEA, Nuwakot
Distribution Center. The feeder under consideration is the radially configured Battar
Feeder (TF4), which originates from the Trishuli Hydropower Station substation,

along with Feeders No. 5 and 3 from the Devighat Hydropower Station. These
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feeders collectively supply the major load centers in Bidur Municipality, Nuwakot

District. The proposed methodology will be used to determine the optimal radial and
loop configuration, as well as the best locations for Electric Vehicle (EV) charging

stations and Solar Photovoltaic (PV) generation within these areas.
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Figure 4-2 Typical Layout of Feeder and Tie Switch Arrangements at Nuwakot DC

Figure 4-2 represents the feeders and tie switch combination layout for the study
system under consideration. The two generation sources are connected to load of
Bidur Municipality via a radial and loop configuration of three feeders and six

number of tie switches.
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Figure 4-3 Layout of Existing Distribution System for the Study

The main urban area of Nuwakot District is located within Bidur Municipality, which
accounts for approximately one-fourth of the total energy consumption in the district.
There are currently six operational EV charging stations in this area, with an
additional 20 stations under installation. Bidur Municipality also has high solar
generation potential, as it falls within a region with strong solar radiation. Notably,
the largest solar project in Nepal, a 25 MW peak capacity plant, is located within
Bidur Municipality. This makes the area highly suitable for connecting rooftop PV
installations and small solar PV farms to the low-voltage distribution system. The
Nepal Electricity Authority (NEA) is in the process of developing policies for the
implementation of net metering systems, which further enhances the feasibility of
integrating solar generation. The key characteristics of the system to be considered

are as follows:

4.1.1 Urban Distribution Network

The study will model a radial-loop configuration of distribution network, under urban
area of Nuwakot Distribution Center, Nuwakot District, Nepal. The network consists
of the typical distribution components such as buses, feeders, transformers, EV

charging station, Solar PV generators and substations. Various network topologies
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will be simulated, and the effects of different radial-loop configurations along with
effect of EV loads and solar generators on line losses, voltage stability, and overall

system performance will be assessed.

4.1.2 Electric Vehicle (EV) Loads

EV charging stations will be incorporated into the network as time-varying loads. The
load profiles of different EV charging stations is collected from the data provided by
Advance Metering Infrastructure installed at NEA and a load profile is analyzed
accordingly. The EV charging load profiles will be modeled based on typical urban
driving and charging behaviors. This includes both residential EVs (charging at home)
and public EV charging stations (e.g., fast-charging stations located in key urban
areas). The variability in charging demand based on factors such as time of day,

seasonality, and location will be considered.

4.1.3 Solar PV System

Solar PV systems will be included as distributed generation sources within the
distribution network. These systems will be modeled at various locations within the
urban network, considering factors like geographical position, installation capacity,
and local solar radiation. The intermittent nature of solar power generation will be
taken into account, and its impact on the power flow and voltage stability will be

analyzed.

4.2 System Data Collection

4.2.1 Branch and Bus Data at NDC

The system under consideration consists of three radial feeder of NEA, NDC
supplying at urban area of Bidur Municipality Ward No. 1, 2, 4, 5, and 6. The overall
distribution center is modeled as 51 bus system with branch connecting them. All of

this system data is collected from database of NEA, NDC.
i.  Bus Data

The bus data primarily consists of three types of buses. One of these is the generator
bus, which represents the power generation sources in the system. Two hydropower
stations, the Trishuli Hydropower Station (HPS) and the Devighat Hydropower
Station, are available at the NEA NDC and are included as generator buses in the
system. The generating bus connecting Trishuli HPS is named as bus-1 while the

generating bus connecting Devighat HPS is named as bus-46. Here, the bus
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connecting largest capacity generator is of Trishuli HPS and therefore the bus-1 is
also taken as slack bus or reference bus. For the purpose of this study, a bus located
near a region with the potential for solar PV generation installation is also considered
as a generation bus. The solar PV generation is included hypothetically to the buses
14, 20, and 29 for the study of its behavior using proposed methodology. Remaining
46 number of buses are taken as load bus which includes six number of buses
connected to EV charging station namely Bus-8, 12, 13, 14, 15, and 18. The detail of

bus system and its type is as represented in the Table 4-1.

Table 4-1 Detail of Bus Data Information for System under Study

Bus ID | Bus Type Source Bus Number
3 Swing Bus HEP 1
HEP 46
2 PVBus g lar PV 14, 20, 29

0,2,3,4,5,6,7,9,10, 11, 16, 17, 19, 21, 22,
NEA TRF | 23, 24, 25, 26, 28, 30, 31, 32, 33, 34, 35, 36, 37,

1 Load Bus 38,39, 40, 41, 42, 43, 44, 45, 47, 48, 49, 50, 51

EV Charging 8, 12,13, 15, 18, 27

Here, the solar PV generation and EV Charging loads vary with respect to time and
are of an intermittent nature. The bus data for those buses can be obtained from hourly
PV generation patterns and EV charging load patterns. However, the hourly load
supplied through individual transformers of NEA, and NDC cannot be determined
exactly. The load consumed by existing consumers of NEA, NDC from various
categories is treated as the NEA transformer load. Around sixty-five 11/0.4 kV
distribution transformers are used to supply different consumer classes of NEA, NDC.
The behavior of the NEA TRF load is analyzed using the overall system load curve of
NEA, NDC. The hourly system load patterns of various substations at NEA, NDC can
be determined from the historical hourly energy consumption data and the system
peak demand data. By using the historical energy consumption pattern of all of the
substations present at NEA, NDC, a generalized system load factor for each hour is

evaluated.

By using the generalized system consumption behavior of system demand as
represented in the Figure 4-4, the hourly demand injected at the load bus connecting
distribution transformer of NEA, NDC are determined and used for the load flow

studies. The hourly demand at each individual system load bus is evaluated to
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replicate the system load curve, using measured data from different sub-stations of
NEA, NDC. The details of the hourly per unit bus data calculated in 1000 kVA base
power as represented in ANNEX A.

System Load Factor for Different Time of Day
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Figure 4-4: Overall System Load Factor behavior for Different Time of Day at NEA,
NDC

ii.  Branch Data

The system under consideration for the study at NDC consists of three different radial
feeder having various conductor types, such as ACSR Weasel, ACSR Rabbit, and 100
and 50 Sq. mm XLPE Conductors, the distribution line parameters specifically
resistance, reactance, and charging susceptance vary accordingly. The specific
conductor type used in each branch of the distribution network has been obtained
from the records of the NEA Nuwakot Distribution Center. The standard per-unit
values for these conductor parameters have been sourced from various standards and
are then multiplied by the length of each branch to determine the actual line
parameters for each specific branch of the distribution network. There are six number
of tie switches as represented in Table 4-2, which may change the feeder

configuration as per the requirement of load flow of NEA, NDC.

ANNEX B: System Branch Data represents the details of the branch data for the
system under consideration. The bus connecting the branch, length of branch and the

type of conductor used in that particular branch is determined. With the base voltage
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of 11 kV, and base power of 1000 kVA the base impedance is found to be 121 Ohms.
Using the branch data and base impedance value, the per unit resistance, reactance
and charging susceptance value is evaluated. Since the branch data is dependent with
the tie switch combinations and it is also further dependent of feeder configurations,
there are various branch data set for various tie switch combinations. The tie switch
combination is arranged such that the islanded mode of operation is avoided. Even if
there are six different tie switch available for larger number of feeder configuration
options, only eight number of tie switch configuration are available for the load flow
to avoid islanding of particular load centers. Thus there are eight set of branch data
used for the load flow study. In these switch combinations; logic "0" represents the
off/open condition of a tie switch, while logic "1" represents the on/closed condition.
The first digit in the logic represents tie switch TS1, and it continues up to the 6th
digit for tie switch TS6.The sample branch data for various tie switch combinations

are represented in ANNEX B: System Branch Data.

Table 4-2 Tie Switch and Respective Bus for Testing System

S.N. Tie Switch Connecting Bus
1 TS1 15-47
2 TS2 44-45
3 TS3 40-41
4 TS4 10-12
5 TS5 18-42
6 TS6 42-19

4.2.2  Solar PV Generation Data

The solar PV system is also considered for the study of the effect of intermittent solar
power generation on radial-loop feeder configuration. Since NEA is currently
facilitating small rooftop solar generators to share the power with grid by introducing
new legislative framework regarding the net metering infrastructure. Bidur
Municipality under the working zone of NEA, NDC has high solar generation
potential, as it falls within a region with strong solar radiation. Notably, the largest
solar project in Nepal, a 25 MW peak capacity plant, is located within Bidur
Municipality. This makes the area highly suitable for connecting rooftop PV

installations and small solar PV farms to the low-voltage distribution system.
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Figure 4-5: Sample PV Generation Plot for Different Time of Day at NEA, NDC

As mentioned earlier NEA is in the process of developing policies for the
implementation of net metering systems, which further enhances the feasibility of
integrating solar generation. Considering these facts, three number of solar PV
generating station are hypothetically added as generator bus in the testing system
under consideration. The location of solar PV generation is selected so as there are
existing solar PV farm and has high potential of construction of small solar PV farm
in near future. This study consists of three solar PV generation capable of generating
100 kWp solar energy. The hourly generation potential of the solar PV generation as
represented in the Figure 4-5 is determined by using the Global Solar Atlas [31],
which is an online platform that provides high-quality solar resource data and maps
for countries worldwide. It is managed by the International Renewable Energy
Agency (IRENA) and serves as a tool to facilitate the development of solar energy
projects by providing essential data on solar power potential. Using geographical
location coordinate as represented in the Table 4-3 in the [31], the hourly generation

injected via solar PV generation bus can be estimated.

Variations in the solar PV generation affects the power injection to its nearer with
respect to time. The details of hourly per unit power injected to solar PV connected

bus calculated using [31] is as represented in ANNEX C: Solar PV Data.
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Table 4-3 Solar PV Generation Capacity with Locations

S.N. Bus No. Generatiz)‘l);][(:apacity, Latitude Longitude
1 14 100 27.866722° 85.125952°
2 20 100 27.872964° 85.136628°
3 29 100 27.888647° 85.148597°

4.2.3 EV Load Data

The main urban area and thus the settlement of the majority of the population of
Nuwakot District is within Bidur Municipality, which accounts for approximately
one-fourth of the total energy consumption in the district. As it is the headquarters of
Nuwakot district and lies on the only highway connecting Nepal to China i.e. Kerung-
Galchhi Highway, there is an increasing trend of using electrical vehicles at an
alarming rate. As Nepal imports most of the electrical vehicles from China via
Kerung-Galchhi Highway, there are hundreds of electrical vehicles passing through
Bidur municipality. Also, there are a large number of public vehicles in the Nuwakot
district running on electricity. Therefore, the number of EV charging stations is
increasing day by day. There are currently six operational EV charging stations in this
area, with an additional 20 stations under installation. In the near future, the EV
charging load will dominate the total system demand of this area as public diesel

vehicles are completely being overtaken by electrical vehicles.
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Figure 4-6: Sample EV Demand Plot for Different Time of Day at NEA, NDC
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This study considers the effect of charging station loads in load flow and thus radial-
loop feeder configuration as percentage share of energy consumed by EV charging
stations at NEA, NDC is increasing day-by-day in total energy consumptions of
Nuwakot district. The hourly power consumption pattern of the EV charging station
as represented in the Figure 4-6 is collected from the smart meter installed in the
existing EV charging station and Advance Metering Infrastructure (AMI) installed at
NEA, NDC. Table 4-4 represents the details of the existing charging stations installed

at the testing system under consideration.

Table 4-4 Existing EV Charging Station with Demand

S.N. Bus No. Charger Type Approved Demand, KVA
1 8 CCS/GBT 180
2 12 CCS/GBT 200
3 13 CCS/GBT 150
4 15 GB/T 200
5 18 CCS/GBT 200
6 27 CCS 200

For the date of 17th February 2025, the hourly demand data for different buses
connecting different EV charging loads are represented in the ANNEX D: EV
Charging Data. This intermittent EV load consumption pattern is used to analyze the

effect of charging loads in radial-loop distribution feeder configuration.

4.2.4 Tie Switch Data

A Numerical Load Break Switch (LBS) is used in the distribution systems under
consideration to remotely control the flow of electricity. It is designed to operate
under normal load conditions, providing the ability to remotely open or close the line
sections of a distribution system as per the requirement of distribution system
operator. Six number of such tie switch connections are used in the system under

study as represented in the Table 4-2.

4.3 Power Flow Study Results

4.3.1 Simulation model

When various distribution data such as distribution system layout, tie switch details,
system bus data, system branch data, solar PV generation data, and EV charging data
is collected from NEA, NDC and various sources, load flow study and optimization of

tie switch to generate optimal radial-loop feeder configuration is performed in Python

31




Jupyter Notebook. This simulating model takes input raw data from csv file, performs
load flow study using Newton Raphson Method of load flow study, calculates and
compares the system loss and minimum bus voltage for every tie switch combinations
and results the best tie switch schemes for every hours of day. Also it is capable of
maintaining voltage deviation constraints, conductor thermal limit constraints and
prevention of loads from islanded operations. The detail of the simulation program is

as represented in ANNEX G: Python Code for Simulation.

4.3.2 System Loss and Voltage Deviation
i.  Without EV Load and Solar PV Generation

The load flow study of the existing distribution system at NEA NDC without
considering the solar PV generation and EV charging load is performed first. The
hourly bus data for different time of day is used for load flow analysis while the
branch data is taken for the tie switch combination of the logic “000111” as existing
system without configuration has tie switch TS1, TS2 and TS3 normally off while
TS4, TS5 and TS6 are normally on condition.

Figure 4-7 represents the total distribution system loss at NEA, NDC, without
integrating solar PV generation and EV charging load. The system loss varies
accordingly to the system load demand. The system load demand is maximum during
the morning and evening hours of the day. The system branch loss is also maximum
during the time of system peak demand. The maximum hourly system loss for NEA,
NDC is about 122.463 kW at 19:00 PM while the morning peak hourly loss is about
104.193 kW at 6:00 AM. The hourly system loss varies from the minimum of 22.202
kW to the maximum of 122.463 kW, resulting a total daily feeder loss of 1432.77
kWh.
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Figure 4-7: System (Feeder) Loss Without PV Generatoin and EV Load Vs. Time of
Day at NEA, NDC

Similarly, Figure 4-10 represents the minimum bus voltage and time of day plot for
the NEA, NDC without integration of the solar PV and EV charging load in the
system. As the branch voltage drop is also dependent of the branch current flowing
through the bus, the bus voltage is different for different hourly sytem load demand.
For this scenario, the variation of bus voltage is from 10.7986 kV at 1:00 AM to
10.3017 kV at 19:00 PM. The minimum system bus voltage is about 0.936524 i.e.
10.3017 kV at 19:00 PM for that particular day. The detailed hourly system loss and
minimum bus voltage without integrating solar PV and EV charging load is as

represented in ANNEX E: Load Flow Results.
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Figure 4-8: Minimum Bus Voltage Without PV Generatoin and EV Load Vs. Time of
Day at NEA, NDC
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1.  With EV Load and Solar PV Generation

With the above-mentioned input bus data, branch data, solar PV data and EV load
data, a load flow study for the distribution system at NEA, NDC is performed using
Newton Raphson Method. For Eight different combination of tie switches there are
eight different set of branch data and also there is different 24 set of bus data for every
hour as NEA TRF load, solar PV generation and EV station load varies with time.
The major objective of this study is to minimize the system power loss and voltage
drop maintaining the constraints like power balance, voltage variation limits and
branch current thermal limit. Figure 4-9 represents the load flow results of test system
under consideration before the feeder reconfiguration. Before reconfiguration, the
feeder is operated radially using jumper connection and disconnection between two
radial feeders when there is requirement of changing sources. It is noted that there are
different hourly loss values for different time of day before feeder is reconfigured.
The detailed hourly system loss before feeder reconfiguration is as represented in
ANNEX E: Load Flow Results. Here, the cumulative system (Feeder) loss for the
period of 24 hours seems to be of 19530.96 kWh.
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Figure 4-9: System (feeder) Loss before Reconfiguration vs. Time of Day at NEA,
NDC

34



Similarly Figure 4-10 represents the minimum system bus voltage before the feeder
reconfiguration. As substation operators at NEA, NDC maynot continuously monitor
the voltage at load end, there may be voltage deviation beyond the limit set by
Electricity Regulation 2050. The minimal bus voltage obtained is about 10.44 kV
during evening peak hour which violates the tolerance limit of 5% for 11 kV

distribution system voltage.
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Figure 4-10: Minimum Bus Voltage before Reconfiguration Vs. Time of Day at NEA,
NDC

Table 4-5 Comparison of Total System Loss and Minimum Bus Voltage Before and
After Feeder Reconfiguration

S.N. | Particular Daily F]f\e;/i}?r Loss, 1\/\[;:;:: ;:11?{;5
1 | Before Feeder Configuration 19530.96 10.440925
2 | After Feeder Configuration 9485.76 10.796984
Difference 10045.2 -0.356059

The total system (feeder) power loss and minimum voltage deviations for test system
after reconfiguration is as represented in the Figure 4-11 and Figure 4-12 respectively.
The total feeder loss for the same day after feeder reconfiguration is found to be
395.23 kWh which is about two times less than the total system loss before

reconfiguration. Similarly, minimal bus voltage among all 51 buses is found to be of
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10.796984 kV which is within the specified tolerance limit of 5% for 11 kV redial

distribution system.
Here's a paragraph explaining the table below provided:

The Table 4-6 presents a comparison of daily total energy losses and their
corresponding cost before and after implementing feeder reconfiguration in a
distribution network. Initially, before reconfiguration, the total energy loss amounted
to 19,531.2 kWh, which translated into a financial loss of NPR 166,015.2. After the
feeder reconfiguration was carried out, the total energy loss dropped significantly to
9,484.8 kWh, resulting in a reduced energy loss cost to NPR 80,620.8. This reflects a
substantial improvement, with a total reduction of 10,046.4 kWh in energy loss and a
daily cost saving of NPR 85,3944, The data clearly indicates that feeder
reconfiguration is an effective strategy for minimizing energy losses and reducing

operational costs in power distribution systems.

Table 4-6 Comparison of Total Daily Energy Loss and Cost of Energy before and

After Feeder Reconfiguration

. Daily Feeder Loss, Cost of Energy Loss
S.N. | Particular KWh (NPR)
1 Before Feeder Configuration 19531.2 1,66,015.2
2 | After Feeder Configuration 9484.8 80,620.8
Difference 10046.4 85,394.4( Daily
Saving)

The comparison of total system loss and minimum bus voltage before and after the
configuration is as represented in Table 4-5, Figure 4-13, and Figure 4-14. The
detailed hourly system loss and minimum bus voltage after feeder reconfiguration is

as represented in ANNEX E: Load Flow Results.
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Figure 4-11: System (feeder) Loss after Reconfiguration vs. Time of Day at NEA,
NDC
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Figure 4-12: Minimum Bus Voltage after Reconfiguration vs. Time of Day at NEA,
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Figure 4-13: System Loss Before and After Reconfiguration vs. TOD at NEA, NDC
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Figure 4-14: Minimal Bus Voltage Before and After Reconfiguration Vs. TOD at
NEA, NDC

As discussed earlier, the line data of the distribution system varies as per the operation
of tie switches and thus bus admittance matrix, which is used for load flow study in
Newton Raphson algorithm, changes accordingly. Therefore, the bus admittance
matrix for every possible tie switch combination and thus load flow is calculated to
determine the most suitable switch combination having minimal distribution system
loss. Table 4-7 represents the power loss outputs for all of the possible tie switch

configuration for 1st hour. It is observed that the distribution system loss is changing
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from a highest of 13.52 kW to the lowest of 6.088 kW as per the changing switch
combinations. A set of distribution loss data is generated for a particular hour of a day
with the various switching combinations and compared to get minimal system loss

and related switch combination.

After the power flow simulations for given input data, the different tie switch
combination provides different sets of total system loss and minimum bus voltage
data. Comparing this data and the resulting best tie switch combination which
introduces the lowest distribution system loss and maintains required bus voltage
limits for different time of day for NEA, NDC ensures the objective of this study. The
optimal tie switch combination for different times of day for this testing system under

consideration is as represented in the Table 4-7.

Table 4-7 Combination of Tie Switches and Respective System Loss for 1st hour

S.N. | Switch Combination | Total System Loss, p.u. | System Loss, kW/hour

1 000111 0.01352123 13.52122952
2 001110 0.01264402 12.6440204

3 010101 0.00791426 7.914260037
4 011100 0.007352764 7.352764165
5 100011 0.011017852 11.01785202
6 101010 0.010139995 10.13999502
7 110001 0.00639973 6.399730096
8 111000 0.006088079 6.08807873

Table 4-8 below. Among all of the tie switch combinations for each hours of a day,
these tie switch combinations give the minimum distribution system loss and bus
voltage deviation for a particular day. These tie switch combinations are controlled to
avoid islanding operations of load buses. For each combination of tie switches, hourly
load flow analysis is performed to minimize the total branch losses and bus voltage
deviations. For illustration, in these switch combinations, logic "0" represents the
off/open condition of a tie switch, while logic "1" represents the on/closed condition.
The first digit in the logic represents tie switch TS1, and it continues up to the 6th
digit for tie switch TS6. In one case, for the 6th hour of the day, it is observed that the
tie switch combination is 111000 (i.e., TS1, TS2, and TS3 are closed, while TS4, TS5,

and TS6 are open). The respective values of total distribution system loss and
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minimum bus voltage deviation for these tie switch combinations are represented in

ANNEX E: Load Flow Results.

From the optimal Tie switch control output data as represented in Table 4-8, a
generalized switching behavior for radial-loop configuration can be extracted. Here,
the switching combination for the first six hours of that particular day is “111000”
i.e., TS1, TS2, and TS3 are closed while the remaining tie switches are opened or
isolated. During this time loads are supplied by the nearer generating sources. In the
seventh hour, there is some generation from three solar PV plants as there is increased
solar radiation in PV cells. Now the combination of tie switches changes as the power
flow is affected by the solar PV generation. At this point, there is the least distribution
loss when the tie switch combination is “001110” i.e., TS1, TS2, and TS6 are opened,
and the remaining are closed. The effect of EV charging load can also be observed
during the 10th hour of the day. When the EV charging load increases significantly,

the load flow in the system also changes and hence the tie switch combination.

Table 4-8 Optimal Hourly Control Scheme for Tie Switches for Feeder
Reconfiguration at NEA, NDC.

Time of Day Switch Combination Time of Day Switch Combination
1 111000 13 001110
2 111000 14 001110
3 111000 15 001110
4 111000 16 001110
5 111000 17 001110
6 111000 18 111000
7 001110 19 111000
8 001110 20 111000
9 001110 21 111000
10 011100 22 111000
11 001110 23 111000
12 001110 24 111000

iii.  With Increased Solar PV Generation (500 kWP)

The impact of solar PV generation for different plant capacity is analyzed. Previously
three solar plant with 100 kW peak capacity is considered for the study. Now the
impact of higher capacity solar plant is studied with consideration of 500 kW and
1000 kW peak capacity is studied.
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Figure 4-15: System Loss Vs. TOD for three 500 kWp Solar PV Generation

The distribution system loss for the increased capacity of solar PV generation from
100 kW peak to 500 kW peak is analysed and represented in the Figure 4-15. The
daily system loss is found to be 391.748 kWh. As the capacity of solar generation is

increased the additional load can be fed through nearest solar PV generation leading

decrement in total system loss.
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Figure 4-16: Minimum Bus Voltage Vs. TOD for three 500 kWp Solar PV Generation

Figure 4-16 represents the minimum bus voltage plot for different times of day with
increased solar PV generation capacity. The minimum bus voltage for this scenario is

found to be 0.9872784 p.u. i.e. 10.8600624 kV. As the source to load distance is
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changed with increased solar generation, the bus voltage profile is enhanced. The
detailed hourly system loss and minimum bus voltage for increased 500 kWp solar

PV generation is represented in ANNEX E: Load Flow Results.
iv.  With Increased Solar PV Generation (1000 kWP)

The impact of solar PV generation for different plant capacities is analyzed.
Previously, three solar plants with 100 kW and 500 kW peak capacity is considered
for the study. Now the impact of higher capacity solar plant is studied with
consideration of 1000 kW peak capacity is studied.
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Figure 4-17: System Loss Vs. TOD for three 1000 kWp Solar PV Generation

The distribution system loss for the increased capacity of solar PV generation from
100 kW peak to 500 kW peak is analysed and represented in the Figure 4-17. The
maximum daily system loss is found to be 391.575 kWh. As the capacity of solar
generation is increased the additional load can be fed through nearest solar PV

generation leading decrement in total system loss.
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Figure 4-18: Minimum Bus Voltage Vs. TOD for three 1000 kWp Solar PV

Generation

Figure 4-18 represents the minimum bus voltage plot for different times of day with
increased solar PV generation capacity. The minimum bus voltage for this scenario is
found to be 0.98747954 p.u. i.e. 10.86227494 kV. As the source to load distance is
changed with increased solar generation, the bus voltage profile is enhanced. The
detailed hourly system loss and minimum bus voltage for increased 1000 kWp solar

PV generation is represented in ANNEX E: Load Flow Results.
v.  With Increased Penetration of EV Charging Loads

In this section of study, the effect of increased penetration of EV charging loads is
studied. As the number of EV charging stations at NEA, NDC is being increased
rapidly, it is necessary to study the effect of charging loads when their contribution
dominates the total system demand. For the study purpose, the upcoming EV charging
stations which are under the process of construction is considered and their load
demand pattern is taken from the similar charging station pattern which has alread
been installed. In addition to buses 8, 12, 13, 15, 18, 27 connecting EV charging
station, 14 more charging station at buses 5, 10, 16, 21, 24, 28, 30, 31, 34, 36, 42, 44,
47, 51 is considered as the laod bus with EV charging station. Figure 4-19 represents
the hourly demand of the EV charging stations under consideration. The laod
consumption pattern of EV charging station is so random as most of the charging

station is operated by private sector. They are owened by different transportation
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committee which have various number of vehicles. Also this charging stations are on
very early satge of operation leading such random charging patterns. The detailed

consumption pattern is as represented in the ANNEX D: EV Charging Data.
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Figure 4-19: EV Demand Vs. TOD for increased EV Pentration

With this increased penetration of charging stations, power flow study is performed.
As the consumption pattern is very random in nature, the tie switch combination
varies frequently in the different hours of day. The total system loss for the increased
number of 20 EV station is as represented in the Figure 4-20. The loss of the system
varies hourly from the minimal of 3.59 kW to the maximum of 101.409 kW leading
total daily power loss of 582.28 kWh.
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Figure 4-20: System (Feeder) Total Loss Vs. TOD for increased EV Pentration

As the increment of EV charging load effects the system power flow, the minimal bus
voltages for this scenario is as represented in the Figure 4-21. The bus voltage
deviates deeply as the same time when there is higher system loss. The minimal bus
voltage varies hourly from the minimal of 0.961516911 p.u. i.e. 10.57668602 kV to
the 0.996893586 p.u. i.e. 10.96582945.
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Figure 4-21: Minimal Bus Voltage Vs. TOD for increased EV penetration

The detailed hourly system loss and minimum bus voltage for an increased 20 number

of EV charging load is represented in ANNEX E: Load Flow Results.

4.3.3 Branch Current Constraints Verification

When there is the change in feeder configuration using the various tie switch
combinations, the current thermal limits of each branch conductor should be
maintained. To maintain the safe distribution system operation and prevent damage of
the branch conductor due to overheating, this study sets a constraint of the maximum
allowable thermal limit of the branch conductor. As per IS 398 (Part 1): 2017 —
Specification for ACSR Conductors and related practical analysis, the parameter
along with the current carrying capacity of various conductors considered under this

study is as represented in Table 4-9.

Table 4-9 Thermal Rating and Line Parameter for Conductor Used at NEA, NDC

SN Conduct Resistance, | Reactance, | Susceptance, ;h:rmalt
AN- onductor Ohm/km | Ohm/km Ohm/km Jung a
65°C, Amps
1 100 mm2 XLPE 0.194 0.11 0.00003 291
2 | Rabbit ACSR 0.554 0.365 0.00000434 190
3 | Weasel ACSR 0.724 0.38 0.00000375 138

For each hour of the day and the respective switching combination obtained from the
above-mentioned methodology, the current flowing through the individual branch of
the distribution system under consideration is calculated and compared with its
allowable maximum thermal limit. The details of the branch current for the proposed
feeder configuration using optimized tie switch control as mentioned in Table 4-8 are

as represented in the ANNEX F: Branch Current Results.

46




CHAPTER:5  CONCLUSION

In conclusion, this research provides valuable insights into optimizing the urban
distribution network of Nuwakot, Nepal, through the integration of Electric Vehicle
(EV) charging loads and Solar Photovoltaic (PV) systems. By focusing on a radial-
loop configuration, specifically the Nuwakot Distribution Center (NDC), the study
assessed the impact of these integrations on the system's performance, considering

factors such as line losses, voltage stability, and overall efficiency.

The methodology involved simulating various network topologies, factoring in the
time-varying nature of EV loads and the intermittent behavior of solar PV generation.
It was found that incorporating EV charging stations, which are growing rapidly in
Nuwakot, and leveraging the high solar potential of the region (particularly in Bidur
Municipality), significantly influenced the system's performance. The load flow

study, conducted using the Newton-Raphson method, revealed the following:

Reduction in System Losses: After reconfiguring the feeder network with optimal tie
switch combinations, daily system (Feeder) losses were reduced by approximately
50%, from 813.79 kWh to 395.23 kWh. This reduction was achieved by dynamically
adjusting the feeder configuration throughout the day, optimizing the distribution of
power across the network. These findings highlight the potential for improving the
efficiency of existing networks by integrating renewable energy sources and flexible

charging infrastructure.

Voltage Stability: The reconfiguration also led to a notable improvement in the
voltage stability of the system. Prior to reconfiguration, the minimum bus voltage
during peak hours fell below the allowable limit of 5% deviation, reaching 10.44 kV,
which violated the regulatory limits for an 11 kV system. After the optimal
reconfiguration, the minimum bus voltage improved to 10.80 kV, staying within the

acceptable range, thus ensuring a more reliable power supply for consumers.

Tie Switch Optimization: The research utilized eight distinct tie switch
configurations, and through optimization, determined the best combination for each
hour of the day to minimize system loss and maintain voltage within safe limits. This
dynamic switching approach ensures that the system is constantly adjusted to the most

efficient configuration, thereby reducing operational inefficiencies.
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Thermal Rating and Safety: The study also verified that the branch currents remained
within the thermal limits of the conductors, ensuring that no damage would occur to
the network infrastructure. By considering the thermal ratings of the ACSR and XLPE
conductors used in the system, the research ensured that the proposed feeder
configurations would not lead to overheating, thus maintaining the safety and

longevity of the system.

Financial Benefit: Financial analysis highlights the effectiveness of feeder
reconfiguration by comparing daily total energy losses and their associated costs
before and after implementation. For a particular day under consideration, prior to
reconfiguration, the system (feeder) experienced an energy loss of 19,531.2 kWh per
day, incurring a cost of NPR 166,015.2. Post-reconfiguration, these losses were
significantly reduced to 9,484.8 kWh, with the corresponding cost dropping to NPR
80,620.8. This improvement signifies a total daily energy loss reduction of 10,046.4
kWh and a daily cost saving of NPR 85,394.4. These results confirm that feeder
reconfiguration is a highly effective method for enhancing energy efficiency and

lowering operational expenses in distribution networks.

Overall, this study demonstrated that optimal feeder reconfiguration and the
integration of EV charging stations and solar PV systems can significantly enhance
the performance of urban distribution networks. The findings are particularly relevant
to regions like Nuwakot, where the demand for electricity is increasing rapidly due to
urbanization, the rise in electric vehicle use, and the potential for solar energy
generation. This research serves as a foundation for further development of policies
and strategies for modernizing the power grid in Nepal, ensuring that it can

accommodate future growth in both demand and renewable energy integration.
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ANNEX A: SYSTEM BUS DATA

Bus Data for Hour-1 on 17th February 2025
Initial Initial |Injected | Injected Q
Bus No | Bus ID Voltage, p.u. | Angle P (p.u.) (p-u.)
0 1 1 0 -0.0216 | -0.0104796
1 3 1 0 0 0
2 1 1 0 -0.0108 | -0.0052398
3 1 1 0 -0.0433 | -0.0209592
4 1 1 0 -0.0325 | -0.0157194
5 1 1 0 -0.0649 | -0.0314388
6 1 1 0 -0.0433 | -0.0209592
7 1 1 0 -0.0649 | -0.0314388
8 1 1 0 -0.0433 | -0.0209592
9 1 1 0 -0.0649 | -0.0314388
10 1 1 0 -0.0108 | -0.0052398
11 1 1 0 -0.0541 | -0.026199
12 1 1 0 -0.0974 | -0.0471582
13 1 1 0 -0.0433 | -0.0209592
14 2 1 0 0 0
15 1 1 0 -0.0649 | -0.0314388
16 1 1 0 -0.1623 | -0.078597
17 1 1 0 -0.0649 | -0.0314388
18 1 1 0 -0.0108 | -0.0052398
19 1 1 0 -0.238 | -0.1152756
20 2 1 0 0 0
21 1 1 0 -0.0108 | -0.0052398
22 1 1 0 -0.0216 | -0.0104796
23 1 1 0 -0.0465 | -0.0225311
24 1 1 0 -0.0032 | -0.0015719
25 1 1 0 -0.0216 | -0.0104796
26 1 1 0 -0.0325 ] -0.0157194
27 1 1 0 -0.0108 | -0.0052398
28 1 1 0 -0.0433 | -0.0209592
29 2 1 0 0 0
30 1 1 0 -0.0216 | -0.0104796
31 1 1 0 -0.0108 | -0.0052398
32 1 1 0 -0.027 | -0.0130995
33 1 1 0 -0.0108 | -0.0052398
34 1 1 0 -0.0216 | -0.0104796
35 1 1 0 -0.0433 | -0.0209592
36 1 1 0 -0.0108 | -0.0052398
37 1 1 0 -0.0433 | -0.0209592
38 1 1 0 -0.0108 | -0.0052398
39 1 1 0 -0.0433 | -0.0209592
40 1 1 0 -0.0141 | -0.0068117
41 1 1 0 -0.0216 | -0.0104796
42 1 1 0 -0.0249 | -0.0120515
43 1 1 0 -0.0433 | -0.0209592
44 1 1 0 -0.0216 | -0.0104796
45 1 1 0 -0.0108 | -0.0052398
46 2 1 0 1.75 0.847525
48 1 1 0 -0.0433 | -0.0810297
49 1 1 0 -0.0108 | -0.0202574
50 1 1 0 -0.0433 | -0.0810297
47 1 1 0 -0.0108 | -0.0202574
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Bus Data for Hour-4 on 17th February 2025

Initial Initial (Injected | Injected Q
Bus No | Bus ID Voltage, p.u. | Angle | P (p.u.) (p-u.)
0 1 1 0 -0.0482 ] -0.0361188
1 3 1 0 0 0
2 1 1 0 -0.0241 | -0.0180594
3 1 1 0 -0.0963 | -0.0722376
4 1 1 0 -0.0722 ] -0.0541782
5 1 1 0 -0.1445 ] -0.1083564
6 1 1 0 -0.0963 | -0.0722376
7 1 1 0 -0.1445 ] -0.1083564
8 1 1 0 -0.0963 | -0.0722376
9 1 1 0 -0.1445 ] -0.1083564
10 1 1 0 -0.0241 | -0.0180594
11 1 1 0 -0.1204 | -0.090297
12 1 1 0 -0.2167 | -0.1625347
13 1 1 0 -0.0963 | -0.0722376
14 2 1 0 0 0
15 1 1 0 -0.1445 ] -0.1083564
16 1 1 0 -0.3612 | -0.2708911
17 1 1 0 -0.1445 ] -0.1083564
18 1 1 0 -0.0002 | -8.378E-05
19 1 1 0 -0.5297 | -0.3973069
20 2 1 0 0 0
21 1 1 0 -0.0241 | -0.0180594
22 1 1 0 -0.0482 ] -0.0361188
23 1 1 0 -0.1035 | -0.0776554
24 1 1 0 -0.0072 | -0.0054178
25 1 1 0 -0.0482 | -0.0361188
26 1 1 0 -0.0722 ] -0.0541782
27 1 1 0 -0.0241 | -0.0180594
28 1 1 0 -0.0963 | -0.0722376
29 2 1 0 0 0
30 1 1 0 -0.0482 ]| -0.0361188
31 1 1 0 -0.0241 | -0.0180594
32 1 1 0 -0.0602 | -0.0451485
33 1 1 0 -0.0241 | -0.0180594
34 1 1 0 -0.0482 ] -0.0361188
35 1 1 0 -0.0963 | -0.0722376
36 1 1 0 -0.0241 | -0.0180594
37 1 1 0 -0.0963 | -0.0722376
38 1 1 0 -0.0241 | -0.0180594
39 1 1 0 -0.0963 | -0.0722376
40 1 1 0 -0.0313 ] -0.0234772
41 1 1 0 -0.0482 ] -0.0361188
42 1 1 0 -0.0554 ] -0.0415366
43 1 1 0 -0.0963 | -0.0722376
44 1 1 0 1.75 0.847525
45 1 1 0 -0.0241 | -0.0180594
46 2 1 0 1.44475 0
48 1 1 0 -0.0963 | -0.0722376
49 1 1 0 -0.0241 | -0.0180594
50 1 1 0 -0.0963 | -0.0722376
47 1 1 0 -0.0241 | -0.0180594
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Bus Data for Hour-8 on 17th February 2025

Bus No | Bus ID Initial Initial (Injected | Injected Q
Voltage, p.u.| Angle | P (p.u.) (p-u.)

0 1 1 0 -0.0359 ] -0.0173982
1 3 1 0 0 0
2 1 1 0 -0.018 [ -0.0086991
3 1 1 0 -0.0718 | -0.0347963
4 1 1 0 -0.0539 | -0.0260973
5 1 1 0 -0.1078 | -0.0521945
6 1 1 0 -0.0718 | -0.0347963
7 1 1 0 -0.1078 | -0.0521945
8 1 1 0 -0.0718 | -0.0347963
9 1 1 0 -0.1078 | -0.0521945
10 1 1 0 -0.018 | -0.0086991
11 1 1 0 -0.0898 | -0.0434954
12 1 1 0 -0.1617 | -0.0782918
13 1 1 0 -0.0718 | -0.0347963
14 2 1 0 0.02116] 0.01024585
15 1 1 0 -0.1078 | -0.0521945
16 1 1 0 -0.2694 | -0.1304863
17 1 1 0 -0.1078 | -0.0521945
18 1 1 0 -0.018 [ -0.0086991
19 1 1 0 -0.3952 1 -0.1913799
20 2 1 0 0.02161 | 0.01046379
21 1 1 0 -0.018 | -0.0086991
22 1 1 0 -0.0359 ] -0.0173982
23 1 1 0 -0.0772 ] -0.0374061
24 1 1 0 -0.0054 | -0.0026097
25 1 1 0 -0.0359 ] -0.0173982
26 1 1 0 -0.0539 | -0.0260973
27 1 1 0 -0.018 | -0.0086991
28 1 1 0 -0.0718 | -0.0347963
29 2 1 0 0.02062 | 0.0099882
30 1 1 0 -0.0359 ] -0.0173982
31 1 1 0 -0.018 | -0.0086991
32 1 1 0 -0.0449 | -0.0217477
33 1 1 0 -0.018 | -0.0086991
34 1 1 0 -0.0359 ] -0.0173982
35 1 1 0 -0.0718 | -0.0347963
36 1 1 0 -0.018 | -0.0086991
37 1 1 0 -0.0718 | -0.0347963
38 1 1 0 -0.018 | -0.0086991
39 1 1 0 -0.0718 | -0.0347963
40 1 1 0 -0.0234 1 -0.0113088
41 1 1 0 -0.0359 ] -0.0173982
42 1 1 0 -0.0413 | -0.0200079
43 1 1 0 -0.0718 | -0.0347963
44 1 1 0 -0.0359 ] -0.0173982
45 1 1 0 -0.018 [ -0.0086991
46 2 1 0 1.75 0.847525
48 1 1 0 -0.0718 | -0.0347963
49 1 1 0 -0.018 | -0.0086991
50 1 1 0 -0.0718 | -0.0347963
47 1 1 0 -0.018 | -0.0086991
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Bus Data for Hour-12 on 17th February 2025

Bus No | Bus ID Initial Initial (Injected | Injected Q
Voltage, p.u. | Angle | P (p.u.) (p-u.)

0 1 1 0 -0.0277 ] -0.0134302
1 3 1 0 0 0
2 1 1 0 -0.0139 ] -0.0067151
3 1 1 0 -0.0555 | -0.0268603
4 1 1 0 -0.0416 | -0.0201453
5 1 1 0 -0.0832 | -0.0402905
6 1 1 0 -0.0555 | -0.0268603
7 1 1 0 -0.0832 | -0.0402905
8 1 1 0 -0.0555 | -0.0268603
9 1 1 0 -0.0832 | -0.0402905
10 1 1 0 -0.0139 | -0.0067151
11 1 1 0 -0.0693 | -0.0335754
12 1 1 0 -0.1248 | -0.0604358
13 1 1 0 -0.0555 | -0.0268603
14 2 1 0 0.06515| 0.03155215
15 1 1 0 -0.0832 | -0.0402905
16 1 1 0 -0.208 | -0.1007263
17 1 1 0 -0.0832 | -0.0402905
18 1 1 0 -0.0139 ] -0.0067151
19 1 1 0 -0.305 | -0.1477318
20 2 1 0 0.065 |0.03147998
21 1 1 0 -0.0139 ] -0.0067151
22 1 1 0 -0.0277 ] -0.0134302
23 1 1 0 -0.0596 | -0.0288749
24 1 1 0 -0.0042 | -0.0020145
25 1 1 0 -0.0277 | -0.0134302
26 1 1 0 -0.0416 | -0.0201453
27 1 1 0 -0.0139 ] -0.0067151
28 1 1 0 -0.0555 | -0.0268603
29 2 1 0 0.06453 | 0.03125236
30 1 1 0 -0.0277 ] -0.0134302
31 1 1 0 -0.0139 ] -0.0067151
32 1 1 0 -0.0347 ] -0.0167877
33 1 1 0 -0.0139 | -0.0067151
34 1 1 0 -0.0277 | -0.0134302
35 1 1 0 -0.0555 | -0.0268603
36 1 1 0 -0.0139 | -0.0067151
37 1 1 0 -0.0555 | -0.0268603
38 1 1 0 -0.0139 ] -0.0067151
39 1 1 0 -0.0555 | -0.0268603
40 1 1 0 -0.018 | -0.0087296
41 1 1 0 -0.0277 | -0.0134302
42 1 1 0 -0.0319 | -0.0154447
43 1 1 0 -0.0555 | -0.0268603
44 1 1 0 -0.0277 | -0.0134302
45 1 1 0 -0.0139 | -0.0067151
46 2 1 0 1.75 0.847525
48 1 1 0 -0.0555 | -0.0268603
49 1 1 0 -0.0139 ] -0.0067151
50 1 1 0 -0.0555 | -0.0268603
47 1 1 0 -0.0139 ] -0.0067151
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Bus Data for Hour-14 on 17th February 2025

Bus No | Bus ID Initial Initial (Injected | Injected Q
Voltage, p.u.| Angle | P (p.u.) (p-u.)

0 1 1 0 -0.0277 ] -0.0134302
1 3 1 0 0 0
2 1 1 0 -0.0139 | -0.0067151
3 1 1 0 -0.0555 | -0.0268603
4 1 1 0 -0.0416 | -0.0201453
5 1 1 0 -0.0832 | -0.0402905
6 1 1 0 -0.0555 | -0.0268603
7 1 1 0 -0.0832 | -0.0402905
8 1 1 0 -0.0555 | -0.0268603
9 1 1 0 -0.0832 | -0.0402905
10 1 1 0 -0.0139 | -0.0067151
11 1 1 0 -0.0693 | -0.0335754
12 1 1 0 -0.1248 | -0.0604358
13 1 1 0 -0.0555 | -0.0268603
14 2 1 0 0.05414 | 0.02621806
15 1 1 0 -0.0832 | -0.0402905
16 1 1 0 -0.208 | -0.1007263
17 1 1 0 -0.0832 | -0.0402905
18 1 1 0 -0.0139 | -0.0067151
19 1 1 0 -0.305 | -0.1477318
20 2 1 0 0.05381 | 0.02606164
21 1 1 0 -0.0139 | -0.0067151
22 1 1 0 -0.0277 ] -0.0134302
23 1 1 0 -0.0596 | -0.0288749
24 1 1 0 -0.0042 | -0.0020145
25 1 1 0 -0.0277 ] -0.0134302
26 1 1 0 -0.0416 | -0.0201453
27 1 1 0 -0.0139 | -0.0067151
28 1 1 0 -0.0555 | -0.0268603
29 2 1 0 0.05389] 0.02610038
30 1 1 0 -0.0277 ] -0.0134302
31 1 1 0 -0.0139 | -0.0067151
32 1 1 0 -0.0347 ] -0.0167877
33 1 1 0 -0.0139 | -0.0067151
34 1 1 0 -0.0277 ] -0.0134302
35 1 1 0 -0.0555 ] -0.0268603
36 1 1 0 -0.0139 | -0.0067151
37 1 1 0 -0.0555 | -0.0268603
38 1 1 0 -0.0139 | -0.0067151
39 1 1 0 -0.0555 | -0.0268603
40 1 1 0 -0.018 | -0.0087296
41 1 1 0 -0.0277 ] -0.0134302
42 1 1 0 -0.0319 | -0.0154447
43 1 1 0 -0.0555 ] -0.0268603
44 1 1 0 -0.0277 1 -0.0134302
45 1 1 0 -0.0139 | -0.0067151
46 2 1 0 1.75 0.847525
48 1 1 0 -0.0555 | -0.0268603
49 1 1 0 -0.0139 | -0.0067151
50 1 1 0 -0.0555 ] -0.0268603
47 1 1 0 -0.0139 | -0.0067151
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Bus Data for Hour-16 on 17th February 2025

Bus No | Bus ID Initial Initial (Injected | Injected Q
Voltage, p.u.| Angle | P (p.u.) (p-u.)

0 1 1 0 -0.0305 ] -0.0147528
1 3 1 0 0 0

2 1 1 0 -0.0152 ] -0.0073764
3 1 1 0 -0.0609 | -0.0295057
4 1 1 0 -0.0457 ] -0.0221293
5 1 1 0 -0.0914 | -0.0442585
6 1 1 0 -0.0609 | -0.0295057
7 1 1 0 -0.0914 | -0.0442585
8 1 1 0 -0.0609 | -0.0295057
9 1 1 0 -0.0914 | -0.0442585
10 1 1 0 -0.0152 ] -0.0073764
11 1 1 0 -0.0762 | -0.0368821
12 1 1 0 -0.1371 ] -0.0663878
13 1 1 0 -0.0609 | -0.0295057
14 2 1 0 0.02391] 0.01157768
15 1 1 0 -0.0914 | -0.0442585
16 1 1 0 -0.2285 ] -0.1106463
17 1 1 0 -0.0914 | -0.0442585
18 1 1 0 -0.0152 ] -0.0073764
19 1 1 0 -0.3351 | -0.1622812
20 2 1 0 0.02393 1 0.01159075
21 1 1 0 -0.0152 ] -0.0073764
22 1 1 0 -0.0305 ] -0.0147528
23 1 1 0 -0.0655 ] -0.0317186
24 1 1 0 -0.0046 | -0.0022129
25 1 1 0 -0.0305 | -0.0147528
26 1 1 0 -0.0457 ] -0.0221293
27 1 1 0 -0.0152 | -0.0073764
28 1 1 0 -0.0609 | -0.0295057
29 2 1 0 0.0207 | 0.01002259
30 1 1 0 -0.0305 ] -0.0147528
31 1 1 0 -0.0152 | -0.0073764
32 1 1 0 -0.0381 | -0.018441

33 1 1 0 -0.0152 | -0.0073764
34 1 1 0 -0.0305 | -0.0147528
35 1 1 0 -0.0609 | -0.0295057
36 1 1 0 -0.0152 | -0.0073764
37 1 1 0 -0.0609 | -0.0295057
38 1 1 0 -0.0152 | -0.0073764
39 1 1 0 -0.0609 | -0.0295057
40 1 1 0 -0.0198 | -0.0095893
41 1 1 0 -0.0305 | -0.0147528
42 1 1 0 -0.035 | -0.0169658
43 1 1 0 -0.0609 | -0.0295057
44 1 1 0 -0.0305 | -0.0147528
45 1 1 0 -0.0152 ] -0.0073764
46 2 1 0 1.75 0.847525

48 1 1 0 -0.0609 | -0.0295057
49 1 1 0 -0.0152 ] -0.0073764
50 1 1 0 -0.0609 | -0.0295057
47 1 1 0 -0.0152 ] -0.0073764
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Bus Data for Hour-20 on 17th February 2025

Bus No | Bus ID Initial Initial (Injected | Injected Q
Voltage, p.u. | Angle | P (p.u.) (p.-u.)
0 1 1 0 -0.0458 | -0.0221801
1 3 1 0 0 0
2 1 1 0 -0.02291 -0.0110901
3 1 1 0 -0.0916 | -0.0443603
4 1 1 0 -0.0687 | -0.0332702
5 1 1 0 -0.1374 ] -0.0665404
6 1 1 0 -0.0916 | -0.0443603
7 1 1 0 -0.1374 1 -0.0665404
8 1 1 0 -0.0916 | -0.0443603
9 1 1 0 -0.1374 1 -0.0665404
10 1 1 0 -0.0229 1 -0.0110901
11 1 1 0 -0.1145 ] -0.0554503
12 1 1 0 -0.2061 | -0.0998106
13 1 1 0 -0.0916 | -0.0443603
14 2 1 0 0 0
15 1 1 0 -0.1374 ] -0.0665404
16 1 1 0 -0.3435 ] -0.1663509
17 1 1 0 -0.1374 ] -0.0665404
18 1 1 0 -0.0229 ] -0.0110901
19 1 1 0 -0.5038 | -0.2439814
20 2 1 0 0 0
21 1 1 0 -0.02291 -0.0110901
22 1 1 0 -0.0458 | -0.0221801
23 1 1 0 -0.0985 | -0.0476873
24 1 1 0 -0.0069 | -0.003327
25 1 1 0 -0.0458 | -0.0221801
26 1 1 0 -0.0687 | -0.0332702
27 1 1 0 -0.0229 1 -0.0110901
28 1 1 0 -0.0916 | -0.0443603
29 2 1 0 0 0
30 1 1 0 -0.0458 | -0.0221801
31 1 1 0 -0.02291 -0.0110901
32 1 1 0 -0.0572 1 -0.0277252
33 1 1 0 -0.02291 -0.0110901
34 1 1 0 -0.0458 | -0.0221801
35 1 1 0 -0.0916 | -0.0443603
36 1 1 0 -0.02291 -0.0110901
37 1 1 0 -0.0916 | -0.0443603
38 1 1 0 -0.02291 -0.0110901
39 1 1 0 -0.0916 | -0.0443603
40 1 1 0 -0.0298 1 -0.0144171
41 1 1 0 -0.0458 1 -0.0221801
42 1 1 0 -0.0527 ] -0.0255071
43 1 1 0 -0.0916 | -0.0443603
44 1 1 0 -0.0458 1 -0.0221801
45 1 1 0 -0.0229 1 -0.0110901
46 2 1 0 1.75 0.847525
48 1 1 0 -0.0916 | -0.0443603
49 1 1 0 -0.02291 -0.0110901
50 1 1 0 -0.0916 | -0.0443603
47 1 1 0 -0.0229 1 -0.0110901
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Bus Data for Hour-24 on 17th February 2025

Bus No | Bus ID Initial Initial (Injected | Injected Q
Voltage, p.u.| Angle | P (p.u.) (p.-u.)
0 1 1 0 -0.038 | -0.0184156
1 3 1 0 0 0
2 1 1 0 -0.019 | -0.0092078
3 1 1 0 -0.0761 | -0.0368312
4 1 1 0 -0.057 | -0.0276234
5 1 1 0 -0.1141 ] -0.0552468
6 1 1 0 -0.0761 | -0.0368312
7 1 1 0 -0.1141 ] -0.0552468
8 1 1 0 -0.0761 | -0.0368312
9 1 1 0 -0.1141 ] -0.0552468
10 1 1 0 -0.019 | -0.0092078
11 1 1 0 -0.0951 | -0.046039
12 1 1 0 -0.1711 ] -0.0828702
13 1 1 0 -0.0761 | -0.0368312
14 2 1 0 0 0
15 1 1 0 -0.1141 ] -0.0552468
16 1 1 0 -0.28521 -0.1381171
17 1 1 0 -0.1141 ] -0.0552468
18 1 1 0 -0.019 | -0.0092078
19 1 1 0 -0.4183 | -0.2025717
20 2 1 0 0 0
21 1 1 0 -0.019 [ -0.0092078
22 1 1 0 -0.038 | -0.0184156
23 1 1 0 -0.0818 | -0.0395936
24 1 1 0 -0.0057 ] -0.0027623
25 1 1 0 -0.038 | -0.0184156
26 1 1 0 -0.057 | -0.0276234
27 1 1 0 -0.019 [ -0.0092078
28 1 1 0 -0.0761 | -0.0368312
29 2 1 0 0 0
30 1 1 0 -0.038 [ -0.0184156
31 1 1 0 -0.019 | -0.0092078
32 1 1 0 -0.0475 ] -0.0230195
33 1 1 0 -0.019 | -0.0092078
34 1 1 0 -0.038 | -0.0184156
35 1 1 0 -0.0761 | -0.0368312
36 1 1 0 -0.019 [ -0.0092078
37 1 1 0 -0.0761 | -0.0368312
38 1 1 0 -0.019 [ -0.0092078
39 1 1 0 -0.0761 | -0.0368312
40 1 1 0 -0.0247 1 -0.0119701
41 1 1 0 -0.038 | -0.0184156
42 1 1 0 -0.0437 ] -0.021178
43 1 1 0 -0.0761 | -0.0368312
44 1 1 0 -0.038 | -0.0184156
45 1 1 0 -0.019 | -0.0092078
46 2 1 0 1.75 0.847525
48 1 1 0 -0.0761 | -0.0368312
49 1 1 0 -0.019 [ -0.0092078
50 1 1 0 -0.0761 | -0.0368312
47 1 1 0 -0.019 [ -0.0092078
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ANNEX B: SYSTEM BRANCH DATA

SN [From Bus | To Bus [ Length, km| Conductor Type R (p.u.) X (p.u.) B/2 (p.u.)
1 0 3 0.097 Weasel ACSR | 0.000580397 | 0.000304628 | 3.0062E-09
2 1 2 0.202 100 mm2 XLPE | 0.000323868 | 0.000183636 | 5.00826E-08
3 2 3 0.084 Weasel ACSR | 0.000502612 [ 0.000263802 | 2.60331E-09
4 2 4 0.533 100 mm2 XLPE | 0.000854562 | 0.000484545 | 1.32149E-07
5 4 5 0.112 Rabbit ACSR | 0.000512793 | 0.000337851 | 4.01719E-09
6 5 6 0.0853 Rabbit ACSR | 0.000390547| 0.00025731 | 3.05952E-09
7 6 7 0.144 Rabbit ACSR | 0.000659306 | 0.00043438 | 5.16496E-09
8 7 8 0.39 Rabbit ACSR | 0.00178562 | 0.001176446 | 1.39884E-08
9 8 9 0.482 100 mm2 XLPE [ 0.000772793 | 0.000438182 | 1.19504E-07
10 9 10 0.271 100 mm2 XLPE | 0.000434496 | 0.000246364 | 6.71901E-08
11 10 11 0.523 Weasel ACSR | 0.003129355| 0.001642479 | 1.62087E-08
12 10 12 0.358 TS4 0.001639107 ] 0.001079917 | 1.28407E-08
13 12 13 0.479 Rabbit ACSR | 0.002193107 | 0.001444917 | 1.71807E-08
14 13 14 0.515 Rabbit ACSR | 0.002357934 | 0.001553512 | 1.84719E-08
15 13 15 0.474 Rabbit ACSR | 0.002170215] 0.001429835 | 1.70013E-08
16 15 47 0.089 TS1 0.000407488 | 0.000268471 | 3.19223E-09
17 10 16 0.623 100 mm2 XLPE [ 0.00099886 | 0.000566364 | 1.54463E-07
18 16 17 0.512 100 mm2 XLPE [ 0.000820893 | 0.000465455 | 1.26942E-07
19 17 18 0.335 Rabbit ACSR | 0.001533802 | 0.001010537 | 1.20157E-08
20 18 24 0.499 Rabbit ACSR | 0.002284678 | 0.001505248 | 1.7898E-08
21 19 20 0.258 Rabbit ACSR | 0.001181256 | 0.000778264 | 9.25388E-09
22 20 21 0.407 Rabbit ACSR | 0.001863455] 0.001227727 | 1.45982E-08
23 21 22 0.827 Rabbit ACSR | 0.00378643 | 0.002494669 | 2.96626E-08
24 22 23 0917 Weasel ACSR | 0.005486843 [ 0.002879835 | 2.84194E-08
25 24 25 0.544 Rabbit ACSR | 0.002490711 | 0.001640992 | 1.95121E-08
26 25 26 0.875 Rabbit ACSR | 0.004006198 | 0.002639463 | 3.13843E-08
27 26 27 0.487 Rabbit ACSR | 0.002229736| 0.00146905 | 1.74676E-08
28 27 28 1.001 Weasel ACSR | 0.005989455 | 0.003143636 | 3.10227E-08
29 27 41 0.843 Weasel ACSR | 0.005044066 | 0.002647438 | 2.6126E-08
30 28 29 0.617 Weasel ACSR | 0.003691802 [ 0.001937686 | 1.91219E-08
31 28 30 1.087 Weasel ACSR | 0.006504033 | 0.003413719| 3.3688E-08
32 30 31 0.12 Weasel ACSR | 0.000718017 | 0.00037686 | 3.71901E-09
33 31 32 1.44 Weasel ACSR | 0.008616198 | 0.004522314 | 4.46281E-08
34 31 33 0.091 Rabbit ACSR | 0.000416645 | 0.000274504 | 3.26397E-09
35 33 34 0.148 Rabbit ACSR | 0.00067762 | 0.000446446 | 5.30843E-09
36 33 35 0.391 Weasel ACSR | 0.002339537 [ 0.001227934 | 1.21178E-08
37 34 36 0.406 Rabbit ACSR | 0.001858876| 0.001224711 | 1.45623E-08
38 36 37 0.297 Rabbit ACSR | 0.001359818 | 0.000895909 | 1.06527E-08
39 37 38 1.074 Weasel ACSR | 0.006426248 | 0.003372893 | 3.32851E-08
40 38 39 0.185 Rabbit ACSR | 0.000847025 | 0.000558058 | 6.63554E-09
41 38 45 1.085 Rabbit ACSR | 0.004967686 | 0.003272934 | 3.89165E-08
42 39 40 0.441 Rabbit ACSR | 0.002019124 | 0.001330289 | 1.58177E-08
43 40 41 0.075 TS3 0.000343388 | 0.00022624 [ 2.69008E-09
44 18 42 0.538 TS5 0.00246324 | 0.001622893 | 1.92969E-08
45 42 43 0.633 Rabbit ACSR | 0.002898198 | 0.001909463 | 2.27043E-08
46 43 44 0.376 Rabbit ACSR | 0.001721521] 0.001134215 | 1.34863E-08
47 44 45 0.075 TS2 0.000343388 [ 0.00022624 | 2.69008E-09
48 45 46 0.243 Rabbit ACSR | 0.001112579| 0.000733017 | 8.71587E-09
49 46 48 0.387 Rabbit ACSR | 0.001771884 | 0.001167397 | 1.38808E-08
50 48 49 0.507 Rabbit ACSR | 0.002321306| 0.00152938 | 1.8185E-08
51 49 50 0.265 Rabbit ACSR | 0.001213306| 0.00079938 | 9.50496E-09
52 48 47 0.561 Rabbit ACSR | 0.002568545] 0.001692273 | 2.01218E-08
53 42 19 0.499 TS6 0.002284678 [ 0.001505248 | 1.7898E-08
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Branch Data for Switch Combination: 000111

SN | From Bus [ To Bus R (p.u.) X (p.u.) B/2 (p.u.)

1 0 3 0.000580397 [ 0.000304628 3.01E-09

2 1 2 0.000323868 | 0.000183636 5.01E-08

3 2 3 0.000502612 | 0.000263802 2.6E-09

4 2 4 0.000854562 | 0.000484545 | 0.000000132
5 4 5 0.000512793 | 0.000337851 4.02E-09

6 5 6 0.000390547 ([ 0.00025731 3.06E-09

7 6 7 0.000659306 | 0.00043438 5.16E-09

8 7 8 0.00178562 | 0.001176446 | 0.000000014
9 8 9 0.000772793 | 0.000438182 [ 0.00000012
10 9 10 0.000434496 | 0.000246364 6.72E-08
11 10 11 0.003129355| 0.001642479 1.62E-08
12 10 12 0.001639107 | 0.001079917 1.28E-08
13 12 13 0.002193107 | 0.001444917 1.72E-08
14 13 14 0.002357934 | 0.001553512 1.85E-08
15 13 15 0.002170215| 0.001429835 | 0.000000017
16 10 16 0.00099886 | 0.000566364 | 0.000000154
17 16 17 0.000820893 | 0.000465455 | 0.000000127
18 17 18 0.001533802 | 0.001010537 | 0.000000012
19 18 24 0.002284678 | 0.001505248 1.79E-08
20 19 20 0.001181256 | 0.000778264 9.25E-09
21 20 21 0.001863455] 0.001227727 1.46E-08
22 21 22 0.00378643 | 0.002494669 | 2.97E-08
23 22 23 0.005486843 | 0.002879835 2.84E-08
24 24 25 0.002490711 | 0.001640992 1.95E-08
25 25 26 0.004006198 | 0.002639463 3.14E-08
26 26 27 0.002229736 | 0.00146905 1.75E-08
27 27 28 0.005989455| 0.003143636 | 0.00000003 1
28 27 41 0.005044066 | 0.002647438 2.61E-08
29 28 29 0.003691802 | 0.001937686 1.91E-08
30 28 30 0.006504033 | 0.003413719 3.37E-08
31 30 31 0.000718017 | 0.00037686 3.72E-09
32 31 32 0.008616198 | 0.004522314| 4.46E-08
33 31 33 0.000416645 | 0.000274504 3.26E-09
34 33 34 0.00067762 | 0.000446446 5.31E-09
35 33 35 0.002339537 | 0.001227934 1.21E-08
36 34 36 0.001858876| 0.001224711 1.46E-08
37 36 37 0.001359818 | 0.000895909 1.07E-08
38 37 38 0.006426248 | 0.003372893 3.33E-08
39 38 39 0.000847025 | 0.000558058 6.64E-09
40 38 45 0.004967686 | 0.003272934 3.89E-08
41 39 40 0.002019124 | 0.001330289 1.58E-08
42 18 42 0.00246324 | 0.001622893 1.93E-08
43 42 43 0.002898198 | 0.001909463 2.27E-08
44 43 44 0.001721521] 0.001134215 1.35E-08
45 45 46 0.001112579| 0.000733017 8.72E-09
46 46 48 0.001771884 | 0.001167397 1.39E-08
47 48 49 0.002321306| 0.00152938 1.82E-08
48 49 50 0.001213306 | 0.00079938 9.5E-09
49 48 47 0.002568545] 0.001692273 2.01E-08
50 42 19 0.002284678 | 0.001505248 1.79E-08
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Branch Data for Switch Combination: 001110

SN (From Bus [ To Bus R (p.u.) X (p.u.) B/2 (p.u.)

1 0 3 0.000580397 | 0.000304628 3.01E-09

2 1 2 0.000323868 | 0.000183636 5.01E-08

3 2 3 0.000502612 | 0.000263802 2.6E-09

4 2 4 0.000854562 | 0.000484545 | 0.000000132
5 4 5 0.000512793 | 0.000337851 4.02E-09

6 5 6 0.000390547 | 0.00025731 3.06E-09

7 6 7 0.000659306 | 0.00043438 5.16E-09

8 7 8 0.00178562 | 0.001176446 | 0.000000014
9 8 9 0.000772793 | 0.000438182 | 0.00000012
10 9 10 0.000434496 | 0.000246364 6.72E-08
11 10 11 0.003129355 | 0.001642479 1.62E-08
12 10 12 0.001639107 | 0.001079917 1.28E-08
13 12 13 0.002193107 | 0.001444917 1.72E-08
14 13 14 0.002357934 | 0.001553512 1.85E-08
15 13 15 0.002170215| 0.001429835 | 0.000000017
16 10 16 0.00099886 | 0.000566364 | 0.000000154
17 16 17 0.000820893 | 0.000465455 | 0.000000127
18 17 18 0.001533802 | 0.001010537 | 0.000000012
19 19 20 0.001181256| 0.000778264 9.25E-09
20 20 21 0.0018634551 0.001227727 1.46E-08
21 21 22 0.00378643 [ 0.002494669 | 2.97E-08
22 22 23 0.005486843 | 0.002879835 2.84E-08
23 24 25 0.002490711 | 0.001640992 1.95E-08
24 25 26 0.004006198 | 0.002639463 3.14E-08
25 26 27 0.002229736| 0.00146905 1.75E-08
26 27 28 0.005989455 | 0.003143636 | 0.000000031
27 27 41 0.005044066 | 0.002647438 2.61E-08
28 28 29 0.003691802 | 0.001937686 1.91E-08
29 28 30 0.006504033 | 0.003413719 3.37E-08
30 30 31 0.000718017 | 0.00037686 3.72E-09
31 31 32 0.008616198 | 0.004522314| 4.46E-08
32 31 33 0.000416645 | 0.000274504 3.26E-09
33 33 34 0.00067762 | 0.000446446 5.31E-09
34 33 35 0.002339537 | 0.001227934 1.21E-08
35 34 36 0.001858876 | 0.001224711 1.46E-08
36 36 37 0.001359818 | 0.000895909 1.07E-08
37 37 38 0.006426248 | 0.003372893 3.33E-08
38 38 39 0.000847025 | 0.000558058 6.64E-09
39 38 45 0.004967686 | 0.003272934 3.89E-08
40 39 40 0.002019124 | 0.001330289 1.58E-08
41 40 41 0.000343388 | 0.00022624 2.69E-09
42 18 42 0.00246324 | 0.001622893 1.93E-08
43 42 43 0.002898198 | 0.001909463 2.27E-08
44 43 44 0.001721521 ] 0.001134215 1.35E-08
45 45 46 0.001112579 | 0.000733017 8.72E-09
46 46 48 0.001771884 | 0.001167397 1.39E-08
47 48 49 0.002321306 | 0.00152938 1.82E-08
48 49 50 0.001213306| 0.00079938 9.5E-09
49 48 47 0.002568545| 0.001692273 2.01E-08
50 42 19 0.002284678 | 0.001505248 1.79E-08
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Branch Data for Switch Combination: 111000

SN (From Bus [ To Bus R (p.u.) X (p.u.) B/2 (p.u.)

1 0 3 0.000580397 | 0.000304628 3.01E-09

2 1 2 0.000323868 | 0.000183636 5.01E-08

3 2 3 0.000502612 | 0.000263802 2.6E-09

4 2 4 0.000854562 | 0.000484545 | 0.000000132
5 4 5 0.000512793 | 0.000337851 4.02E-09

6 5 6 0.000390547 | 0.00025731 3.06E-09

7 6 7 0.000659306 | 0.00043438 5.16E-09

8 7 8 0.00178562 | 0.001176446 | 0.000000014
9 8 9 0.000772793 | 0.000438182 | 0.00000012
10 9 10 0.000434496 | 0.000246364 6.72E-08
11 10 11 0.003129355 | 0.001642479 1.62E-08
12 12 13 0.002193107 | 0.001444917 1.72E-08
13 13 14 0.002357934 | 0.001553512 1.85E-08
14 13 15 0.002170215| 0.001429835 | 0.000000017
15 15 47 0.000407488 | 0.000268471 3.19E-09
16 10 16 0.00099886 | 0.000566364 | 0.000000154
17 16 17 0.000820893 | 0.000465455 | 0.000000127
18 17 18 0.001533802 | 0.001010537 | 0.000000012
19 19 20 0.001181256| 0.000778264 9.25E-09
20 20 21 0.0018634551 0.001227727 1.46E-08
21 21 22 0.00378643 [ 0.002494669 | 2.97E-08
22 22 23 0.005486843 | 0.002879835 2.84E-08
23 24 25 0.002490711 | 0.001640992 1.95E-08
24 25 26 0.004006198 | 0.002639463 3.14E-08
25 26 27 0.002229736| 0.00146905 1.75E-08
26 27 28 0.005989455 | 0.003143636 | 0.000000031
27 27 41 0.005044066 | 0.002647438 2.61E-08
28 28 29 0.003691802 | 0.001937686 1.91E-08
29 28 30 0.006504033 | 0.003413719 3.37E-08
30 30 31 0.000718017 | 0.00037686 3.72E-09
31 31 32 0.008616198 | 0.004522314| 4.46E-08
32 31 33 0.000416645 | 0.000274504 3.26E-09
33 33 34 0.00067762 | 0.000446446 5.31E-09
34 33 35 0.002339537 | 0.001227934 1.21E-08
35 34 36 0.001858876 | 0.001224711 1.46E-08
36 36 37 0.001359818 | 0.000895909 1.07E-08
37 37 38 0.006426248 | 0.003372893 3.33E-08
38 38 39 0.000847025 | 0.000558058 6.64E-09
39 38 45 0.004967686 | 0.003272934 3.89E-08
40 39 40 0.002019124 | 0.001330289 1.58E-08
41 40 41 0.000343388 | 0.00022624 2.69E-09
42 42 43 0.002898198 | 0.001909463 2.27E-08
43 43 44 0.001721521 | 0.001134215 1.35E-08
44 44 45 0.000343388 | 0.00022624 2.69E-09
45 45 46 0.001112579 | 0.000733017 8.72E-09
46 46 48 0.001771884 | 0.001167397 1.39E-08
47 48 49 0.002321306 | 0.00152938 1.82E-08
48 49 50 0.001213306| 0.00079938 9.5E-09
49 48 47 0.002568545| 0.001692273 2.01E-08
50 42 19 0.002284678 | 0.001505248 1.79E-08
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ANNEX C: SOLAR PV DATA

SN, ToD P.U. Solar Generation (1000 kVA Base)
Bus-14 Bus-20 Bus-29
1 0 0 0 0
2 1 0 0 0
3 2 0 0 0
4 3 0 0 0
5 4 0 0 0
6 5 0 0 0
7 6 0 0 0
8 7 0.003868 0.00344 0.003986
9 8 0.021156 0.021606 0.020624
10 9 0.038582 0.03911 0.037869
11 10 0.052941 0.053299 0.052273
12 11 0.062343 0.062446 0.061656
13 12 0.06515 0.065001 0.064531
14 13 0.062097 0.06192 0.061648
15 14 0.054136 0.053813 0.053893
16 15 0.040378 0.040291 0.040083
17 16 0.023906 0.023933 0.020695
18 17 0.004087 0.003856 0.001709
19 18 0 0 0
20 19 0 0 0
21 20 0 0 0
22 21 0 0 0
23 22 0 0 0
24 23 0 0 0
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ANNEX D: EV CHARGING DATA

SN, ToD P.U. EV Charging Load (1000 kVA Base)
Bus-8 Bus-12 Bus-13 Bus-15 Bus-18 Bus-27
1 1 0.043439 0 0.020994 0 0.000157 | 0.00017
2 2 0.029286 0 0.067741 0 0.000153 | 0.000169
3 3 0.030387 | 0.029989 | 0.042557 | 0.086355 | 0.000153 | 0.00017
4 4 0.04836 | 0.035294 | 0.035632 0 0.000153 | 0.000169
5 5 0.02117 0 0 0 0.044056 | 0.000169
6 6 0.050143 0 0.000051 0 0.000159 | 0.000169
7 7 0.065072 0 0 0 0.071588 | 0.000169
8 8 0.041607 | 0.041598 | 0.092165 0 0 0.036082
9 9 0.049805 | 0.042765 | 0.077749 0 0.042532 | 0.042542
10 10 0.021743 | 0.011921 | 0.084878 0 0.014941 | 0.113238
11 11 0.07159 | 0.033441 | 0.057696 | 0.056259 | 0.015437 | 0.000083
12 12 0.084833 | 0.025971 | 0.042713 | 0.095656 0 0.000082
13 13 0.083421 | 0.017725 | 0.008178 | 0.059805 0 0.085226
14 14 0.011291 | 0.000161 | 0.000187 | 0.040318 | 0.041985 | 0.127486
15 15 0.000067 | 0.02327 | 0.00017 | 0.000247 0 0.154467
16 16 0.000067 | 0.000103 | 0.00017 | 0.000251 | 0.040819 | 0.166964
17 17 0.000068 | 0.000102 | 0.127086 | 0.000247 | 0.04499 | 0.085142
18 18 0.000067 | 0.000102 | 0.000173 | 0.000251 | 0.060385 | 0.000156
19 19 0.000067 | 0.000102 | 0.000173 | 0.000247 | 0.024311 | 0.065368
20 20 0.000067 | 0.000101 | 0.000173 | 0.000249 | 0.021576 | 0.042809
21 21 0.000067 | 0.000102 | 0.000173 [ 0.000249 | 0.088635 | 0.052901
22 22 0.000067 | 0.000103 | 0.000172 | 0.000249 | 0.035226 | 0.042769
23 23 0.000066 | 0.040659 | 0.000173 [ 0.000249 | 0.035204 | 0.000183
24 24 0.000046 0 0.000067 0 0.043634 | 0.000169
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P.U. EV Charging Load (1000 kVA Base)

S.N. ToD
Bus-5 Bus-10 Bus-16 Bus-21 Bus-24 Bus-28

1 1 0.000182 | 0.000182 | 0.000196 | 0.00018 | 0.000187 | 0.000181
2 2 0.000182 | 0.000182 | 0.000195 | 0.00018 | 0.000188 | 0.000181
3 3 0.000183 | 0.000182 | 0.000195 | 0.00018 | 0.000188 | 0.000181
4 4 0.000182 | 0.000182 | 0.000196 | 0.00018 | 0.000188 [ 0.00018
5 5 0.000182 | 0.000182 | 0.000195 | 0.000181 | 0.000188 [ 0.00018
6 6 0.025582 | 0.000182 | 0.000195 | 0.000181 | 0.000187 | 0.000181
7 7 0.000084 0 0.000195 0 0.000112 | 0.000211
8 8 0.014737 | 0.024583 0 0.072063 0 0

9 9 0 0.028667 0 0.102058 | 0.065684 | 0.059442
10 10 0.0783 | 0.134802 [ 0.064875 | 0.113537 | 0.100716 | 0.063509
11 11 0.000086 | 0.074665 | 0.104096 | 0.020318 | 0.06136 | 0.042527
12 12 0.105082 0 0.057356 | 0.078267 | 0.04036 | 0.000085
13 13 0.009157 | 0.08424 | 0.146885 | 0.022233 | 0.114733 | 0.085027
14 14 0.103221 | 0.042597 | 0.168591 | 0.135419 | 0.127593 | 0.062131
15 15 0.042694 | 0.100658 | 0.140446 | 0.118756 | 0.166206 | 0.090936
16 16 0.137288 | 0.151997 | 0.119644 | 0.085217 | 0.16492 | 0.036453
17 17 0.040353 | 0.000087 | 0.183195 | 0.064452 | 0.114259 | 0.092872
18 18 0.079403 | 0.042556 | 0.157653 | 0.077794 | 0.132348 | 0.072835
19 19 0.041944 | 0.000346 | 0.000303 [ 0.042774 | 0.045947 | 0.092973
20 20 0.0257 | 0.037403 | 0.085234 | 0.000325 | 0.042032 | 0.126271
21 21 0.000188 | 0.073092 | 0.042843 | 0.000323 | 0.000321 | 0.040802
22 22 0.000184 | 0.000181 | 0.025684 | 0.042631 | 0.042801 | 0.146172
23 23 0.000183 | 0.000183 | 0.000181 | 0.000189 | 0.000181 | 0.023278
24 24 0.000182 | 0.000182 0 0.00018 | 0.000188 | 0.00018
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P.U. EV Charging Load (1000 kVA Base)

S.N. ToD Bus-30 | Bus-31 | Bus-34 | Bus-36 | Bus-42 | Bus-44 | Bus-47 | Bus-51
1 1 0.00019 | 0.00019 | 0.00018 | 0.00025 | 0.03688 0 9.7E-05 | 4.5E-05
2 2 0.00019 | 0.00019 | 0.00018 | 0.00025 [ 0.00016 ] 0.03175 | 9.7E-05 | 4.5E-05
3 3 0.00019 | 0.00019 | 0.02039 | 0.00026 | 0.00015 0 9.8E-05 | 4.4E-05
4 4 0.00019 | 0.00019 | 0.00018 | 0.00026 | 0.00016 0 9.7E-05 | 4.4E-05
5 5 0.00019 | 0.00019 | 0.00018 | 0.00026 | 0.00015 0 9.8E-05 | 4.4E-05
6 6 0.00019 | 0.00019 | 0.0002 | 0.00026 | 0.00015 0 0.00011 | 4.4E-05
7 7 0.00019 | 0.00019 | 7.7E-05 | 0.00016 | 0.01173 0 0.04257 | 4.4E-05
8 8 0.03578 | 0.03578 [ 0.03563 0 0.02094 0 0.03138 ] 0.07431
9 9 0.0861 | 0.0861 | 0.01857 0 0.02748 [ 0.01999 | 0.04928 | 0.0285
10 10 0.0131710.01317] 0.15701 0 0.02229 0 0.01289 [ 0.00625
11 11 0 0 0.10009 | 0.01866 0 0 0 0.03441
12 12 0.0423210.04232 | 8.8E-05 | 0.0165 0 0 0 0.02458
13 13 0.00947 | 0.0094710.08143 | 0.03002 0 0 0 0.04294
14 14 0.12459(0.124591 0.08414 | 0.07673 0 0 0.0427 {0.00639
15 15 0.09595 | 0.095951 0.06121 0 0.03853 0 0.04264 | 0.04279
16 16 0 0 0.11242 0 0.01487] 0.03163 | 0.04161 | 0.06907
17 17 0.02099 | 0.02099 | 0.04348 0 0.06856 0 0 0
18 18 0.04061 | 0.04061 | 0.12711 | 0.00014 | 0.05092 0 0.02593 | 0.07196
19 19 0.04263 | 0.04263 | 0.00033 | 0.00025 ] 0.03461 | 0.02298 | 0.04284 | 0.0878

20 20 0.08134{0.08134 ] 0.00022 | 0.00025| 0.0232 0 0.04074 | 0.08705
21 21 0.04378 1 0.04378 | 0.00885 [ 0.00033| 0.022 0 0.01371 | 6.7E-05
22 22 0.00018 | 0.00018 | 0.00017 | 0.00025 | 0.00033 | 0.03158 0 8.2E-05
23 23 0.00018 | 0.00018 | 0.00017 | 0.00025] 0.07125] 0.03166 0 8.2E-05
24 24 0.00019 | 0.00019 ] 0.00018 | 0.00025 ] 0.00016 0 9.7E-05 | 0.00008
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ANNEX E: LOAD FLOW RESULTS

System Loss and Minimum Bus Voltage Before Reconfiguration
Time of | Total System | Minimum Bus | Total System | Minimum Bus
Day Loss, p.u. Voltage, p.u. Loss, kW Voltage, kV

1 0.01352123 0.986482 13.52122952 10.851302
2 0.026056651 0.981152 26.05665132 10.792672
3 0.088195397 0.965226 88.19539655 10.617486
4 0.039349827 0.993967 39.34982657 10.933637
5 0.044453496 0.975371 44.45349606 10.729081
6 0.07353524 0.968306 73.53523998 10.651366
7 0.006169661 0.993465 6.16966067 10.928115
8 0.006242653 0.993426 6.242652507 10.927686
9 0.005060447 0.994083 5.060447227 10.934913
10 0.014800291 0.98696 14.80029119 10.85656
11 0.00442321 0.994469 4.423209847 10.939159
12 0.003715341 0.994932 3.715340574 10.944252
13 0.003603384 0.995009 3.603383756 10.945099
14 0.003715341 0.994932 3.715340574 10.944252
15 0.003659147 0.994971 3.659147202 10.944681
16 0.004484996 0.994431 4.484995907 10.938741
17 0.088195397 0.986283 88.19539655 10.849113
18 0.108644962 0.961393 108.6449618 10.575323
19 0.121445204 0.949175 121.4452038 10.440925
20 0.061451103 0.971033 61.45110344 10.681363
21 0.04494158 0.975236 44.94158043 10.727596
22 0.03972427 0.97672 39.7242698 10.74392
23 0.049283683 0.97308 49.28368263 10.70388
24 0.042054466 0.976046 42.05446575 10.736506

Total Loss/Minimum Bus Voltage 896.7269737 10.440925
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System Loss and Minimum Bus Voltage After Reconfiguration

Time |[SC for Minimal Minimal Minimum | Loss, Bus
of Day Ploss System Loss |Bus Voltage| kW [Voltage, kV

1 111000 0.006088079 0.99387 | 6.08808 | 10.93257
2 111000 0.011404543 | 0.991471 | 11.4045| 10.906181
3 111000 0.038181506 0.98424 | 38.1815| 10.82664
4 111000 0.030963779 | 0.987205 |30.9638| 10.859255
5 111000 0.046882814 | 0.982531 |46.8828 | 10.807841
6 111000 0.052308017 | 0.981544 | 52.308 | 10.796984
7 001110 0.006146157 | 0.996125 |6.14616| 10.957375
8 001110 0.00621887 0.996102 |6.21887 | 10.957122
9 001110 0.005041175 | 0.996491 |5.04117| 10.961401
10 011100 0.009131308 | 0.992058 |9.13131| 10.912638
11 001110 0.004406367 | 0.996719 |4.40637| 10.963909
12 001110 0.003701197 | 0.996993 | 3.7012 | 10.966923
13 001110 0.003589667 | 0.997039 | 3.58967| 10.967429
14 001110 0.003701197 | 0.996993 | 3.7012 | 10.966923
15 001110 0.003645218 | 0.997016 |3.64522| 10.967176
16 001110 0.004467918 | 0.996696 |4.46792| 10.963656
17 001110 0.005239985 | 0.996422 | 5.23998 | 10.960642
18 111000 0.019363608 | 0.988881 | 19.3636| 10.877691
19 111000 0.031842503 | 0.985733 |31.8425| 10.843063
20 111000 0.026670831 | 0.986946 |26.6708| 10.856406
21 111000 0.019574013 | 0.988821 | 19.574 | 10.877031
22 111000 0.01732301 0.989484 | 17.323 | 10.884324
23 111000 0.021017898 | 0.987976 |21.0179| 10.867736
24 111000 0.018328895 | 0.989183 | 18.3289| 10.881013

Total Loss/Minimum Bus Voltage 395.239 | 10.796984
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System Loss and Minimum Bus Voltage Without Solar PV and EV Load

Time |[SC for Minimal Minimum | Loss, Bus
System Loss
of Day Ploss Bus Voltage| kW |Voltage, kV

1 000111 0.022202382 | 0.981691 |22.2024 | 10.798601

2 000111 0.043053861 0.97443 | 43.0539( 10.71873
3 000111 0.047703121 0.972456 |47.7031| 10.697016
4 000111 0.062004897 | 0.980553 |[62.0049( 10.786083
5 000111 0.082404653 0.977144 | 82.4047| 10.748584
6 000111 0.104193351 0.964064 | 104.193| 10.604704
7 000111 0.061299564 | 0.969478 | 61.2996 | 10.664258
8 000111 0.062040004 | 0.969294 62.04 | 10.662234
9 000111 0.050082674 | 0.972418 |50.0827 | 10.696598
10 000111 0.04554576 0.973699 |45.5458| 10.710689
11 000111 0.043669898 | 0.974247 |43.6699| 10.716717
12 000111 0.036575095 0.976436 | 36.5751| 10.740796

13 000111 0.035455894 0.9768 35.4559| 10.7448
14 000111 0.036576095 0.976436 |36.5761| 10.740796
15 000111 0.036013243 0.976618 |36.0132| 10.742798
16 000111 0.044290628 | 0.974065 |44.2906 | 10.714715
17 000111 0.052095845 0.971868 |52.0958| 10.690548
18 000111 0.07370772 0.966524 | 73.7077| 10.631764
19 000111 0.122463212 | 0.936524 | 122.463 | 10.301764
20 000111 0.102164109 | 0.960571 |[102.164| 10.566281
21 000111 0.074523157 | 0.966339 |74.5232 10.629729
22 000111 0.069701216 0.968372 169.7012| 10.652092
23 000111 0.065812145 0.971017 | 65.8121| 10.681187
24 000111 0.059189397 | 0.967449 |59.1894( 10.641939
Total Loss/Minimum Bus Voltage 1432.77| 10.301764
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System Loss and Minimum Bus Voltage After Reconfiguration with

Increased Solar PV (500 kWP)

Time [SC for Minimal Minimal Minimum | Loss, Bus
of Day Ploss System Loss |Bus Voltage| kW |Voltage, kV
1 111000 0.006088079 | 0.99618724 | 6.08808 [ 10.9580596
2 111000 0.011404543 | 0.99956767 | 11.4045 | 10.9952444
3 111000 0.038181506 |0.99378829 | 38.1815]10.9316712
4 111000 0.030963779 |0.99286232 | 30.9638 | 10.9214855
5 111000 0.046882814 | 0.99940256 | 46.8828 | 10.9934282
6 111000 0.052308017 |0.99706672| 52.308 [10.9677339
7 001110 0.006146157 | 0.993465 |6.14616| 10.928115
8 001110 0.00621887 0.993426 |6.21887| 10.927686
9 001110 0.005041175 | 0.994083 | 5.04117| 10.934913
10 011100 0.005640696 | 0.99787899 | 5.6407 | 10.9766689
11 001110 0.004406367 | 0.994469 | 4.40637| 10.939159
12 001110 0.003701197 | 0.994932 | 3.7012 | 10.944252
13 001110 0.003589667 | 0.995009 | 3.58967| 10.945099
14 001110 0.003701197 | 0.994932 | 3.7012 | 10.944252
15 001110 0.003645218 | 0.994971 |3.64522| 10.944681
16 001110 0.004467918 | 0.994431 |4.46792| 10.938741
17 001110 0.005239985 | 0.993967 | 5.23998 | 10.933637
18 111000 0.019363608 |0.99457752 | 19.3636 | 10.9403527
19 111000 0.031842503 | 0.9872784 | 31.8425(10.8600624
20 111000 0.026670831 | 0.99980349 | 26.6708 [ 10.9978384
21 111000 0.019574013 | 0.9944388 | 19.574 |10.9388268
22 111000 0.01732301 | 0.99597186 | 17.323 | 10.9556905
23 111000 0.021017898 |0.99671923 | 21.0179 | 10.9639115
24 111000 0.018328895 | 0.9952752 | 18.3289|10.9480272
Total Loss/Minimum Bus Voltage 391.748 | 10.8600624
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System Loss and Minimum Bus Voltage After Reconfiguration with
Increased Solar PV Generation (1000 kWP)

Time [SC for Minimal Minimal Minimum | Loss, Bus
of Day Ploss System Loss |Bus Voltage| kW |Voltage, kV
1 111000 0.006088079 | 0.99618724 | 6.08808 [ 10.9580596
2 111000 0.011404543 | 0.9907393 | 11.4045|10.8981323
3 111000 0.038181506 |0.99378829 | 38.1815]10.9316712
4 111000 0.030963779 |0.99286232 | 30.9638 | 10.9214855
5 111000 0.046882814 |0.98979292 | 46.8828 | 10.8877221
6 111000 0.052308017 | 0.9969576 | 52.308 [10.9665336
7 001110 0.006146157 | 0.993465 |6.14616| 10.928115
8 001110 0.00621887 0.993426 |6.21887| 10.927686
9 001110 0.005041175 | 0.994083 | 5.04117| 10.934913
10 011100 0.005468095 | 0.993196 | 5.46809| 10.925156
11 001110 0.004406367 | 0.994469 | 4.40637| 10.939159
12 001110 0.003701197 | 0.994932 | 3.7012 | 10.944252
13 001110 0.003589667 | 0.995009 | 3.58967| 10.945099
14 001110 0.003701197 | 0.994932 | 3.7012 | 10.944252
15 001110 0.003645218 | 0.994971 |3.64522| 10.944681
16 001110 0.004467918 | 0.994431 |4.46792| 10.938741
17 001110 0.005239985 | 0.993967 | 5.23998 | 10.933637
18 111000 0.019363608 |0.99457752 | 19.3636 | 10.9403527
19 111000 0.031842503 | 0.98747954 | 31.8425|10.8622749
20 111000 0.026670831 | 0.99009666 | 26.6708 [ 10.8910633
21 111000 0.019574013 | 0.9944388 | 19.574 |10.9388268
22 111000 0.01732301 | 0.99597186 | 17.323 | 10.9556905
23 111000 0.021017898 |0.99185718 | 21.0179 | 10.910429
24 111000 0.018328895 | 0.9952752 | 18.3289|10.9480272
Total Loss/Minimum Bus Voltage 391.575|10.8622749
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System Loss and Minimum Bus Voltage For Increased EV Penetration

Time [SC for Minimal Minimal Minimum Loss, Bus
of Day Ploss System Loss |Bus Voltage kW | Voltage, kV
1 111000 0.012861143 | 0.99050778 | 12.8611 | 10.8955856
2 111000 0.015284426 | 0.99103297 | 15.2844(10.9013627
3 111000 0.05686276 | 0.96600075 | 56.8628 | 10.6260083
4 111000 0.033066555 | 0.98682577 | 33.0666 | 10.8550834
5 111000 0.053535373 | 0.97058782 | 53.5354 | 10.676466
6 111000 0.101409045 | 0.96151691 | 101.409 | 10.576686
7 001110 0.006168182 | 0.99432032 | 6.16818 | 10.9375236
8 001110 0.006239109 | 0.99365677 | 6.23911 [ 10.9302245
9 011100 0.005044832 | 0.99453627 | 5.04483 | 10.939899
10 011100 0.012529094 | 0.98831034 | 12.5291|10.8714138
11 001110 0.004420764 | 0.99633287 | 4.42076 [ 10.9596616
12 001110 0.003711381 | 0.99656776 | 3.71138|10.9622454
13 100011 0.003590385 | 0.9958742 | 3.59038|10.9546162
14 100011 0.003701775 | 0.99499494 | 3.70178 [ 10.9449443
15 100011 0.00364611 0.99689359 | 3.64611 | 10.9658294
16 001110 0.004480171 | 0.99552838 | 4.48017 | 10.9508122
17 001110 0.005245172 | 0.99546052 | 5.24517 | 10.9500658
18 111000 0.038846918 | 0.98065296 | 38.8469 | 10.7871825
19 111000 0.046495847 | 0.9832828 | 46.495810.8161108
20 111000 0.038413534 | 0.97413165 | 38.4135(10.7154482
21 111000 0.034311678 | 0.98245441 | 34.3117 | 10.8069985
22 111000 0.020135851 | 0.98888811 | 20.1359| 10.8777692
23 111000 0.048393026 | 0.98017508 | 48.393 [ 10.7819259
24 111000 0.023887005 | 0.98050881 | 23.887 | 10.785597
Total Loss/Minimum Bus Voltage 582.28 [ 10.576686
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ANNEX F: BRANCH CURRENT RESULTS

from Bus| To B Hr-1: 111000 Hr-2: 111000 Hr-3: 111000 Hr-4: 111000

romBus| 0B T ow) [1(Amp)| 1u) | 1(Amp) | Ipuw) | 1(Amp) | I(pu) | I(Amp)
0 3| 0.024051 | 1.26027] 0.0333957 | 1.7499326 | 0.0612407 | 3.2090147 | 0.0602489 | 3.1570447
1 2 | 07714411 | 40.4235 ] 1.0721586 | 56.181113 | 1.9405796 | 101.68637 | 1.9089708 | 100.03007
2 3 | 00721522 | 3.78078 | 0.1001855 | 5.2497211 | 0.1837174 | 9.6267894 | 0.1807421 | 9.4708876
2 4 | 0.6872641 | 36.0126 | 0.9552767 | 50.056499 | 1.7262463 | 90.455300 | 1.6981086 | 88.980889
4 5 | 0.6511654 | 34.1211| 0.9051402 | 47.429349 | 1.6342436 | 85.634363 | 1.6075981 | 84.238138
5 6 | 0.5789392 | 30.3364 | 0.8048119 | 42.172141 | 1.4500529 | 75.982771 | 1.4263979 | 74.743249
6 7 | 0.5307754 | 27.8126 ] 0.7379013 | 38.666026 | 13271756 | 69.544003 | 1.305517 | 68.409091
7 8 | 04584997 | 24.0254 | 0.6374772 | 33.403806 | 1.142666 | 59.875698 | 1.1240082 | 58.898029
8 9 | 0410269 | 21.4981| 0.570437 | 29.890901 | 1.0193573 | 53.414324 | 1.0027099 | 52.541999
9 10 | 0.3378965 | 17.7058 | 0.4698257 | 24.618866 | 0.8342268 | 43.713434 | 0.8206004 | 42.999459
10 11| 0.0603336 | 3.16148 | 0.0838876 | 4.3957083 | 0.1544238 | 8.091808 | 0.1519015 | 7.9596385
10 12 | 0.1084803 | 5.68437] 0.1507063 | 7.8970122 | 0.2770387 | 14.516828 | 0.2725286 | 14.280501
12 13 | 1.846E-08 | 9.7E-07 | 1.845E-08 | 9.666E-07 | 1.84E-08 | 9.642E-07 | 1.84E-08 | 9.643E-07
13 14 | 0.15668 |8.21003 | 0.2176605 | 11.405413 | 0.4000771 | 20.964039 | 0.3935654 | 20.622829
13 15 | 02289505 | 11.997 | 0.3180354 | 16.665057 | 0.5844423 | 30.624777 | 0.5749346 | 30.126571
10 16 | 0.2654989 | 13.9121] 0.3691657 | 19.344283 | 0.6489351 | 34.004201 | 0.6383349 | 33.448751
16 17 | 0.0844817 | 4.42684 | 0.1174711 | 6.1554842 | 0.1855701 | 9.723875 | 0.1825399 | 9.5650929
17 18 | 0.012069 | 0.63242| 0.016782 | 0.8793783 | 0.0001952 | 0.0102304 | 0.0001941 | 0.01017
18 24 | 0.0882264 | 4.62306 | 0.1227464 | 6.4319104 | 0.2264521 | 11.866088 | 0.2219423 | 11.629778
19 20 | 0.0882264 | 4.62306 | 0.1227464 | 64319109 | 0.2264521 | 11.866089 | 0.2219423 | 11.629778
20 21 | 0.0761465 | 3.99008 | 0.1059433 | 55514265 | 0.1954704 | 10.242647 | 0.1915767 | 10.03862
21 22 | 0.0519784 | 2.72367 | 0.0723208 | 3.7896124 | 0.1334514 | 6.9928511 | 0.1307923 | 6.853515
2 23 | 0.0036267 | 0.19004 | 0.0050463 | 0.2644263 | 0.0093127 | 0.4879863 | 0.0091348 | 0.4786622
24 25 | 0.0278047 | 1.45697 ] 0.0386879 | 2.0272437 | 0.0713958 | 3.741139 | 0.0700316 | 3.6696583
25 26 | 0.0640669 | 3.3571 | 0.0891408 | 4.6709802 | 0.1644831 | 8.6191768 | 0.161346 | 84545301
26 27 | 0.0641762 | 3.36283 | 0.0893087 | 4.6797757 | 0.1648787 | 8.6396453 | 0.1617252 | 8.4743995
27 28 | 0.1403282 | 73532 | 0.1952629 | 10.231777 | 0.3603834 | 18.88409 | 0.3534956 | 18.523172
27 41 | 1.899E-08 | 1E-06 | 1.895E-08 | 9.929E-07 | 1.882E-08 | 9.861E-07 | 1.887E-08 | 9.89E-07
28 29 | 0.0158149 | 0.8287 | 0.0220146 | 1.153563 | 0.0406747 | 2.1313522 | 0.0398951 | 2.0905038
28 30 | 0.0083732 | 0.43875 | 0.0116443 | 0.6101588 | 0.0214565 | 1.1243221 | 0.0210481 | 1.1029228
30 31 | 0.0302388 | 1.58451 | 0.0420836 | 2.2051789 | 0.0777098 | 4.0719935 | 0.0762227 | 3.9940712
31 32 | 0.0507017 | 2.65677 | 0.0705513 | 3.6968861 | 0.1302216 | 6.8236106 | 0.1277323 | 6.693175
31 33 | 0.1111658 | 5.82509 | 0.1546925 | 8.1058855 | 0.2855535 | 14.963005 | 0.2800937 | 14.676911
33 34 | 0.0483728 | 2.53473 | 0.0673156 | 3.5273398 | 0.1242742 | 6.5119678 | 0.1218974 | 6.3874237
33 35 | 0.1353469 | 7.09218 | 0.18834 | 9.8690154 | 0.3476555 | 18.217148 | 0.3410087 | 17.868857
34 36 | 0.1474338 | 7.72553 | 0.2051567 | 10.750211 | 0.3786822 | 19.842945 | 0.3714429 | 19.463608
36 37 | 0.1957698 | 10.2583 | 0.2724012 | 14.273822 | 0.5027114 | 26.342079 | 0.4931053 | 25.83872
37 38 | 0228455 | 11.971 | 0.3178163 | 16.653575 | 0.5861748 | 30.715557 | 0.5749904 | 30.129496
38 39 | 04362914 | 22.8617] 0.6069949 | 31.806534 | 1.11978 | 58.676473 | 1.0984024 | 57.556288
38 45 | 0.1801767 | 9.44126 | 0.2506838 | 13.135833 | 0.4625225 | 24.236179 | 0.4536896 | 23.773337
39 40 | 0.1644795 | 8.61872 | 0.2288526 | 11.991876 | 0.4222902 | 22.128004 | 0.4142234 | 21.705305
18 42 | 0.3816478 | 19.9983 | 0.5308289 | 27.815434 | 0.9785024 | 51.273528 | 0.9590563 | 50.254553
) 43 | 0429842 |22.5237] 0.5977984 | 31.324636 | 1.1015952 | 57.723587 | 1.0797205 | 56.577352
43 44 | 0.4539178 | 23.7853 | 0.6312422 | 33.07709 | 1.1630015 | 60.941279 | 0.8623537 | 45.187336
45 46 | 0.9022449 | 47.2776 | 1.2549546 | 65.759623 | 2.3134699 | 121.22582 | 0.2661583 | 13.946696
46 48 | 0.4364178 | 22.8683 | 0.4852028 | 25.424629 | 0.8912955 | 46.703885 | 0.8768079 | 45.944732
48 49 | 0.1149659 | 6.02421 | 0.0835542 | 43782417 | 0.1533263 | 8.0342986 | 0.1508396 | 7.9039948
49 50 | 0.0229937 | 1.20487] 0.0167112 | 0.8756652 | 0.0306664 | 1.606917 | 0.030169 | 1.5808544
48 47 | 0.3081577 | 16.1475 | 0.3849417 | 20.170946 | 0.7073173 | 37.063428 | 0.6958133 | 36.460616
D) 19 | 0.3538996 | 18.5443 | 0.4922507 | 25.793939 | 0.907482 | 47.552055 | 0.8894427 | 46.606797

Maximum Current | 0.9022449 | 47.2776 | 1.2549546 | 65.759623 | 2.3134699 | 121.22582 | 1.9089708 | 100.03007
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Hr-5: 111000 Hr-6: 111000 Hr-7: 001110 Hr-8: 001110
From Bus | To Bus

I(p.u.) I (Amp) I(pu) |I(Amp)| I(p.u.) I (Amp) I(p.u.) I (Amp)
0 3 0.0677873 | 3.5520533 [ 0.071557 | 3.74959] 0.0396985 | 2.0801997 | 0.0399321 | 2.0924412
1 2 2.1493663 | 112.62679 | 2.269715 | 118.933] 0.8520237 | 44.646039 | 0.8570457 | 44.909194
2 3 0.2033559 | 10.655848 | 0.2146645 | 11.2484] 0.1190933 | 6.2404908 | 0.1197942 | 6.2772141
2 4 1.9121223 | 100.19521 | 2.0192781 | 105.81 | 0.7130905 | 37.365942 | 0.717295 | 37.586257
4 5 1.8102676 | 94.858021 | 1.9117488 | 100.176 [ 0.653511 [ 34.243978 | 0.6573647 | 34.445909
5 6 1.6063311 | 84.171751 | 1.6964369 | 88.8933 | 0.5343075 | 27.997713 | 0.5374589 | 28.162849
6 7 1.4702711 | 77.042204 | 1.5527814 | 81.3657 | 0.4548222 | 23.832682 | 0.4575053 | 23.973276
7 8 1.2659432 | 66.335422 | 1.3370329 | 70.0605 | 0.3355617 | 17.583431 | 0.3375418 | 17.68719
8 9 1.1293535 | 59.178121 | 1.1927865 | 62.502 | 0.2560121 | 13.415035 | 0.257523 | 13.494207
9 10 0.9242631 | 48.431384  0.9761872 | 51.1522] 0.1367297 | 7.1646356 | 0.1375368 | 7.2069305
10 11 0.1710909 | 8.9651651 | 0.1807028 | 9.46883 | 0.0995408 | 5.2159389 [ 0.1001283 | 5.2467255
10 12 0.3068279 | 16.077783 | 0.3239973 | 16.9775] 0.202696 | 10.62127 | 0.203892 | 10.683941
12 13 1.839E-08 | 9.636E-07 | 1.838E-08 | 9.6E-07 | 0.3817138 | 20.001805 | 0.3839657 | 20.119802
13 14 0.4430855 | 23.217681 | 0.4678729 | 24.5165| 0.5804763 | 30.416958 | 0.5838995 | 30.596332
13 15 0.6472359 | 33.91516 | 0.6834232 | 35.8114] 0.1192772 | 6.2501274 | 0.1199802 | 6.2869647
10 16 0.7189747 | 37.674274 | 0.759367 | 39.7908| 0.2197247 | 11.513574 | 0.2210214 | 11.581519
16 17 0.2055869 | 10.772753 | 0.2171302 | 11.3776| 0.079003 | 4.1397577 | 0.0794694 | 4.1641948
17 18 0.0001954 | 0.0102413 | 0.0001944 | 0.01019] 0.1983711 | 10.394644 | 0.1995419 | 10.455993
18 24 0.2510155 | 13.15321 | 0.2651923 | 13.8961 | 0.8203403 | 42.985833 | 0.8251756 | 43.239199
19 20 0.2510155 | 13.153211 | 0.2651923 | 13.8961 | 0.1450021 | 7.5981096 | 0.145856 | 7.6428548
20 21 0.2166779 | 11.353923 | 0.2289183 | 11.9953 ] 0.1251546 | 6.5581035 | 0.1258918 | 6.596729
21 22 0.1479344 | 7.7517646 | 0.1562941 | 8.18981 | 0.0854374 | 4.4769193 | 0.0859407 | 4.5032916
22 23 0.0103237 | 0.5409612 | 0.0109072 | 0.57154] 0.0059707 | 0.3128653 | 0.0060059 | 0.3147114
24 25 0.0791462 | 4.1472588 | 0.0836199 | 4.38168 | 0.0457748 | 2.3985988 | 0.0460449 | 2.412752
25 26 0.1823401 | 9.5546234 | 0.1926444 | 10.0946 | 0.1054679 | 5.5265166 | 0.1060901 | 5.5591222
26 27 0.1827956 | 9.5784916 | 0.1931394 | 10.1205] 0.1252946 | 6.5654349 | 0.1260337 | 6.6041661
27 28 0.3995163 | 20.934657 | 0.4221059 | 22.1183 ] 0.0072118 | 0.3778965 | 0.0072543 | 0.3801257
27 41 1.879E-08 | 9.845E-07 | 1.877E-08 | 9.8E-07 | 0.413665 | 21.676045 | 0.4161055 | 21.803929
28 29 0.0451037 | 2.3634314 | 0.0476614 | 2.49746 ] 0.2089571 | 10.949353 | 0.2101906 | 11.013985
28 30 0.0237768 | 1.2459042 | 0.0251153 | 1.31604 | 0.1691584 | 8.8639012 | 0.170157 | 8.9162253
30 31 0.0861586 | 4.514709 | 0.0910366 | 4.77032| 0.0497957 | 2.6092945 | 0.0500898 | 2.6247036
31 32 0.1443642 | 7.5646836 | 0.1525282 | 7.99248 | 0.0995021 | 5.2139099 | 0.1000894 | 5.2446822
31 33 0.3165735 | 16.58845 | 0.3344809 | 17.5268 | 0.0048153 | 0.2523223 | 0.0048437 | 0.2538114
33 34 0.137778 | 7.2195668 | 0.1455739 | 7.62807 | 0.0796551 | 4.1739294 | 0.0801254 | 4.1985727
33 35 0.3854192 | 20.195968 | 0.4072196 | 21.3383 | 0.0402866 | 2.1110166 | 0.0405246 | 2.1234873
34 36 0.4198122 | 21.998158 | 0.4435554 | 23.2423 | 0.0600989 | 3.1491813 | 0.0604538 | 3.1677796
36 37 0.5572887 | 29.201928 | 0.5887925 | 30.8527] 0.1396122 | 7.3156767 | 0.1404363 | 7.3588645
37 38 0.6497195 | 34.045304 | 0.6863912 | 35.9669 | 0.1456488 | 7.6319967 | 0.1465077 | 7.6770043
38 39 1.2412378 | 65.040863 | 1.3113373 | 68.7141| 0.3051219 [ 15.98839 [ 0.3069222 | 16.082721
38 45 0.5127068 | 26.865837 | 0.5416722 | 28.3836| 0.066309 | 3.4745919 [ 0.0667001 | 3.4950852
39 40 0.4681219 | 24.529587 | 0.4945762 | 25.9158 | 0.0407001 | 2.132684 | 0.0409401 | 2.1452634
18 42 1.0844273 | 56.82399 | 1.1455427 | 60.0264 | 0.2182649 | 11.437079 | 0.219553 | 11.504578
42 43 1.2207522 | 63.967417 | 1.2894939 | 67.5695] 0.1193605 | 6.2544899 | 0.1200645 | 6.2913789
43 44 1.2887428 | 67.530122 | 1.3612777 | 71.331 | 0.039789 | 2.0849434 [ 0.0400237 | 2.097241
45 46 2.5639578 | 134.35139 | 2.7084867 | 141.925| 0.324957 | 17.027746 | 0.3268739 | 17.128194
46 48 0.9869687 | 51.717158 | 1.0420963 | 54.6058 | 0.1985408 | 10.403538 [ 0.1997095 | 10.464776
48 49 0.1697434 | 8.8945517 | 0.1791993 | 9.39004 | 0.0992747 | 5.2019923 | 0.099859 | 5.2326137
49 50 0.03395 | 1.7789805 | 0.0358414 | 1.87809 | 0.0198554 | 1.0404222 [ 0.0199723 | 1.0465468
48 47 0.783293 | 41.044555| 0.8270753 | 43.3387 | 0.0794168 | 4.1614394 | 0.0798843 | 4.1859347
42 19 1.0057429 | 52.70093 | 1.0624387 | 55.6718| 0.3833445 | 20.087252 | 0.3856062 | 20.205763
Maximum Current | 2.5639578 | 134.35139 | 2.7084867 | 141.925| 0.8520237 | 44.646039 | 0.8570457 | 44.909194
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Hr-9: 001110 Hr-10: 001110 Hr-11: 001110 Hr-12: 001110
From Bus| To Bus

Lpu) | TAmp) [ Ipu) [ T@Amp [ Ipw) [ T@Amp [ Ieu) [ IAmp

0 3 0.0359608 | 1.8843433 | 0.03596075 | 1.88434334 | 0.03362482 | 1.76194082 | 0.03082186 | 1.61506562
1 2 0.7716871 | 40.436405 | 0.77168713 | 40.4364054 | 0.72149227 | 37.8061952 | 0.66127415 | 34.6507653
2 3 0.1078806 [ 5.6529412 | 0.10788056 | 5.65294121 [ 0.10087299 | 5.28574483 | 0.09246434 | 4.84513162
2 4 0.6458346 | 33.841733 | 0.64583461 | 33.8417333 | 0.60381466 | 31.6398883 | 0.55340594 | 28.9984712
4 5 0.5918678 | 31.013872 | 0.59186779 | 31.0138724 | 0.55335522 | 28.9958136 | 0.50715478 | 26.5749106
5 6 0.4838978 | 25.356247 | 0.48389784 | 25.356247 | 0.45240473 | 23.7060078 | 0.41462609 | 21.7264074
6 7 0.4119048 | 21.583811 | 0.41190479 | 21.5838111 | 0.38509315 | 20.1788813 | 0.35293108 | 18.4935884
7 8 0.3038894 | 15.923804 | 0.3038894 | 15.9238043 | 0.28410377 | 14.8870377 | 0.2603707 | 13.6434248
8 9 0.2318455 | 12.148702 | 0.23184546 | 12.148702 [ 0.21674886 | 11.3576404 | 0.19864063 | 10.4087688
9 10 0.1238198 | 6.4881577 | 0.1238198 | 6.48815766 [ 0.1157555 | 6.06558796 | 0.10608276 | 5.55873653
10 11 0.0901435 | 4.7235204 | 0.09014352 | 4.72352044 | 0.08427326 | 4.41591871 | 0.07723204 | 4.04695866
10 12 0.1835659 [ 9.6188519 | 0.18356588 | 9.61885195 [ 0.17161515 | 8.99263411 | 0.15727997 | 8.24147044
12 13 0.3456948 | 18.114406 | 0.34569478 | 18.1144063 | 0.32319273 | 16.9352988 | 0.29620027 | 15.5208941
13 14 0.5257194 | 27.547696 | 0.52571938 | 27.5476957 | 0.49150944 | 25.7550944 | 0.45047081 | 23.6046705
13 15 0.1080314 | 5.6608455 | 0.1080314 | 5.66084549 | 0.10100484 | 5.29265387 | 0.0925751 |4.85093508
10 16 0.1989846 [ 10.426791 | 0.19898455 | 10.4267906 | 0.18602835 | 9.74788546 | 0.17048737 | 8.93353834
16 17 0.0715439 [ 3.7489002 | 0.0715439 | 3.74890023 [ 0.06688445 | 3.50474511 | 0.06129564 | 3.21189155
17 18 0.1796446 | 9.4133777 | 0.17964461 | 9.41337767 | 0.16794654 | 8.80039893 | 0.15391491 | 8.06514126
18 24 0.7429923 [ 38.932798 | 0.74299233 | 38.9327981 [ 0.69466461 | 36.4004254 | 0.63668633 | 33.3623636
19 20 0.131341 | 6.8822671 | 0.13134098 | 6.88226715 | 0.12280424 | 6.43494236 | 0.11256165 | 5.89823052
20 21 0.1133621 | 5.9401725 | 0.11336207 | 5.94017252 | 0.10599312 | 5.55403942 | 0.0971518 | 5.09075455
21 22 0.0773859 | 4.0550217 | 0.07738591 | 4.05502165 | 0.07235482 | 3.79139278 | 0.06631863 | 3.47509614
22 23 0.0054072 | 0.2833365 | 0.00540719 | 0.28333649 [ 0.00505515 | 0.26488976 | 0.00463287 | 0.24276256
24 25 0.0414545 | 2.172218 | 0.0414545412.17221798 [ 0.03875566 | 2.03079681 | 0.0355183 | 1.86115918
25 26 0.0955149 | 5.0049808 | 0.0955149 | 5.00498076 | 0.08929711 | 4.67916857 | 0.08183862 | 4.28834373
26 27 0.1134716 | 5.945914 | 0.11347164 | 5.94591401 [ 0.10608555 | 5.55888281 | 0.09722552 | 5.09461714
27 28 0.0065313 | 0.3422401 | 0.0065313 | 0.34224014 [ 0.00610619 | 0.31996439 | 0.00559624 | 0.29324312
27 41 0.374628 | 19.630509 [ 0.37462804 | 19.6305092 | 0.35024095 | 18.3526259 | 0.32098761 | 16.8197506
28 29 0.189229 | 9.9156006 [ 0.18922902 | 9.91560059 | 0.17690548 | 9.26984732 | 0.16212386 | 8.49529038
28 30 0.1531872 [ 8.0270084 | 0.15318718 | 8.02700844 | 0.14321051 | 7.50423094 | 0.13124394 | 6.8771823
30 31 0.0450925 | 2.362846 | 0.04509248 | 2.36284603 | 0.04215473 | 2.20890784 | 0.03863121 | 2.02427541
31 32 0.0901091 | 4.7217165 | 0.09010909 | 4.72171647 | 0.08424145 | 4.41425182 | 0.07720329 | 4.04545262
31 33 0.0043608 [ 0.2285053 | 0.00436079 | 0.22850535 [ 0.00407685 | 0.21362709 | 0.00373627 | 0.19578064
33 34 0.0721332 [ 3.7797818 | 0.07213324 | 3.77978183 | 0.0674347 | 3.53357835 | 0.06179914 | 3.23827483
33 35 0.0364804 | 1.9115712 | 0.03648037 | 1.91157115| 0.03410303 | 1.78699859 | 0.03125178 | 1.63759348
34 36 0.0544223 | 2.851727 |0.05442227 | 2.851727 |0.05087654 | 2.66593064 | 0.04662384 | 2.44308917
36 37 0.1264298 [ 6.624919 | 0.12642975| 6.624919 |[0.11819526|6.19343137 [ 0.10831842 | 5.67588542
37 38 0.1319095 | 6.9120562 | 0.13190947 | 6.91205619 | 0.1233257 | 6.46226667 | 0.11302853 | 5.92269498
38 39 0.2763271 | 14.479542 | 0.27632714 | 14.4795423 | 0.25833861 | 13.536943 | 0.23676069 | 12.4062602
38 45 0.0600532 [ 3.1467859 | 0.06005317 | 3.14678593 [ 0.05614486 | 2.94199047 | 0.0514565 | 2.69632034
39 40 0.0368601 | 1.9314678 | 0.03686007 | 1.93146782 | 0.03446107 | 1.80575996 | 0.03158327 | 1.65496351
18 42 0.1976612 | 10.357449 | 0.19766123 | 10.3574485 | 0.18479043 | 9.68301877 | 0.16935204 | 8.87404705
42 43 0.1080997 | 5.6644229 | 0.10809967 | 5.6644229 | 0.10106451 | 5.29578033 | 0.0926252 | 4.85356071
43 44 0.036035 | 1.888234 | 0.036035 [ 1.88823396|0.03368972 | 1.76534139 | 0.03087637 | 1.61792184
45 46 0.2942946 | 15.421039 | 0.29429463 | 15.4210388 | 0.27513895 | 14.4172812 | 0.25216054 | 13.2132125
46 48 0.1798435 | 9.4238007 | 0.17984352 | 9.42380067 | 0.16815889 | 8.81152595 | 0.15413852 | 8.07685858
48 49 0.0899253 [ 4.7120834 | 0.08992526 | 4.71208343 | 0.0840825 | 4.4059231 [ 0.07707183 | 4.03856389
49 50 0.0179854 [ 0.9424362 | 0.01798542 | 0.94243618 [ 0.01681683 | 0.88120166 | 0.01541464 | 0.80772709
48 47 0.0719378 | 3.7695401 | 0.07193779 | 3.76954009 | 0.06726389 | 3.52462778 | 0.06165569 | 3.23075814
42 19 0.3471685 | 18.191629 | 0.34716849 | 18.1916287 | 0.32456871 | 17.0074006 | 0.29745936 | 15.5868706
Maximum Current | 0.7716871 | 40.436405 | 0.77168713 | 40.4364054 | 0.72149227 | 37.8061952 | 0.66127415 | 34.6507653
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Hr-13: 001110 Hr-14: 001110 Hr-15: 001110 Hr-16: 001110
From Bus| To Bus

I (p.u.) I (Amp) I (p.u.) I (Amp) I (p.u) I (Amp) I (p.u.) I (Amp)

0 3 0.03035472 | 1.59058725 | 0.03082186 | 1.61506562 | 0.03058829 | 1.6028264 | 0.03385841 | 1.77418081
1 2 0.65123946 | 34.1249475 | 0.66127415 | 34.6507653 | 0.65625674 | 34.3878533 1 0.72651122 | 38.0691882
2 3 0.09106295 | 4.77169847 | 0.09246434 | 4.84513162 | 0.09176364 | 4.80841496 | 0.10157373 | 5.3224637
2 4 0.5450061 | 28.5583194 | 0.55340594 | 28.9984712 | 0.54920596 | 28.7783923 | 0.60801614 | 31.8600456
4 5 0.49945626 | 26.1715082 | 0.50715478 | 26.5749106 | 0.50330547 | 26.3732065 | 0.55720598 | 29.1975933
5 6 0.40833104 | 21.3965467 | 0.41462609 | 21.7264074 | 0.41147852 | 21.5614744 | 0.45555359 | 23.8710083
6 7 0.34757199 | 18.2127722 1 0.35293108 | 18.4935884 | 0.35025149 | 18.3531779 | 0.38777391 | 20.319353
7 8 0.25641622 | 13.4362097 | 0.2603707 | 13.6434248 | 0.25839342 | 13.5398153 | 0.28608201 | 14.9906971
8 9 0.1956234 | 10.2506662 | 0.19864063 | 10.4087688 | 0.19713198 | 10.329716 | 0.21825826 | 11.4367328
9 10 0.1044711 | 5.4742859 |0.10608276 | 5.55873653 | 0.10527691 | 5.51651033 | 0.11656177 | 6.10783701
10 11 ]0.07605883 | 3.98548249 | 0.07723204 | 4.04695866 | 0.07664542 | 4.01621996 [ 0.08486018 | 4.44667336
10 121 0.15489137 | 8.11630805 | 0.15727997 | 8.24147044 | 0.15608565 | 8.17888812 [ 0.17281003 | 9.05524574
12 13 10.29170259 | 15.2852155 | 0.29620027 | 15.5208941 | 0.29395139 | 15.4030528 [ 0.32544259 | 17.0531917
13 14 1 0.44363245 | 23.2463405 | 0.45047081 | 23.6046705 | 0.44705158 | 23.4255029 | 0.49492998 | 25.9343308
13 15 10.09117036 | 4.77732706 | 0.0925751 | 4.85093508 | 0.09187272 | 4.81413065 [ 0.10170743 | 5.32946924
10 16 0.1678979 | 8.79784974 | 0.17048737 | 8.93353834 | 0.16919261 | 8.86569276 | 0.18732375 | 9.81576441
16 17 10.06036444 | 3.16309668 | 0.06129564 | 3.21189155 | 0.06083003 | 3.18749362 | 0.06735031 | 3.5291561
17 18 | 0.15157694 | 7.94263189 | 0.15391491 | 8.06514126 | 0.1527459 | 8.00388537 | 0.16911614 | 8.861686
18 24 10.62702487 | 32.8561032 | 0.63668633 | 33.3623636 | 0.63185554 | 33.1092305 [ 0.69949687 | 36.6536359
19 20 [ 0.11085471 [ 5.80878681 [ 0.11256165 | 5.89823052 | 0.11170818 | 5.85350837 [ 0.12365787 | 6.47967218
20 21 0.0956784 |5.01354834 | 0.0971518 | 5.09075455 | 0.0964151 | 5.05215116 | 0.10672997 | 5.59265018
21 22 0.06531271 [ 3.42238618 [ 0.06631863 | 3.47509614 | 0.06581567 | 3.44874094 [ 0.07285789 | 3.81775369
22 23 10.00456251 | 0.23907563 | 0.00463287 | 0.24276256 | 0.00459769 | 0.24091906 | 0.00509035 | 0.26673413
24 25 10.03497888 | 1.83289342 | 0.0355183 [ 1.86115918 | 0.03524859 | 1.84702604 | 0.03902551 | 2.04493661
25 26 | 0.08059584 [ 4.22322213 | 0.08183862 | 4.28834373 | 0.08121722 | 425578237 [ 0.08991879 | 4.71174468
26 27 10.09574919 | 5.01725773 | 0.09722552 | 5.09461714 | 0.09648734 | 5.05593678 | 0.10682405 | 5.59758008
27 28 1 0.00551127 [ 0.28879059 | 0.00559624 | 0.29324312 | 0.00555376 | 0.29101682 [ 0.0061487 | 0.32219164
27 41 10.31611323 [ 16.5643334 | 0.32098761 | 16.8197506 | 0.31855038 | 16.6920398 | 0.35267928 | 18.4803943
28 29 [ 0.15966096 | 8.36623432 | 0.16212386 | 8.49529038 | 0.16089239 | 8.43076103 | 0.17813761 | 9.33441081
28 30 ]0.12925008 | 6.77270433 [ 0.13124394 | 6.8771823 | 0.13024699 | 6.82494224 [ 0.144208 | 7.55649899
30 31 0.03804415 [ 1.99351323 | 0.03863121 | 2.02427541 | 0.03833767 | 2.00889396 [ 0.04244844 | 2.22429848
31 32 10.07603059 | 3.98400287 | 0.07720329 | 4.04545262 | 0.07661693 | 4.01472715 | 0.08482811 | 4.44499288
31 33 10.00367952 [ 0.19280702 | 0.00373627 | 0.19578064 | 0.0037079 | 0.19429381 [ 0.00410524 | 0.21511467
33 34 10.06086016 | 3.18907247 | 0.06179914 | 3.23827483 | 0.06132964 | 3.21367312 | 0.06790446 | 3.5581939
33 35 10.03077674 | 1.61270132 | 0.03125178 | 1.63759348 | 0.03101426 | 1.62514709 | 0.03434071 | 1.79945305
34 36 | 0.04591529 | 2.40596102 | 0.04662384 | 2.44308917 | 0.04626955 | 2.42452466 | 0.05123104 | 2.68450638
36 37 10.10667277 | 5.5896531 [0.10831842 | 5.67588542 | 0.10749558 | 5.63276836 [ 0.11901855 | 6.23657197
37 38 [ 0.11131269 [ 5.83278498 | 0.11302853 | 5.92269498 | 0.1121706 | 5.87773932 [ 0.12418396 | 6.50723963
38 39 10.23316525 | 12.2178593 | 0.23676069 | 12.4062602 | 0.23496294 | 12.3120581 [ 0.26013718 | 13.631188
38 45 10.05067527 | 2.65538426 | 0.0514565 |2.69632034 | 0.05106588 | 2.67585198 | 0.05653563 | 2.96246713
39 40 10.03110375 [ 1.62983638 | 0.03158327 | 1.65496351 | 0.03134351 | 1.64239974 | 0.03470093 | 1.81832894
18 42 10.16677967 | 8.73925488 | 0.16935204 | 8.87404705 | 0.16806583 | 8.80664967 | 0.18607729 | 9.75045001
42 43 10.09121896 [ 4.77987349 | 0.0926252 | 4.85356071 | 0.09192207 | 4.81671653 | 0.10176793 | 5.33263943
43 44 10.03040758 | 1.59335738 | 0.03087637 | 1.61792184 | 0.03064197 | 1.60563942 | 0.03392422 | 1.77762889
45 46 0.2483317 | 13.0125811 | 0.25216054 | 13.2132125 | 0.25024609 | 13.1128952 | 0.27705424 | 14.517642
46 48 10.15180192 | 7.95442063 | 0.15413852 | 8.07685858 | 0.15297022 | 8.01563937 | 0.16932731 | 8.8727513
48 49 10.07590345 [ 3.97734087 | 0.07707183 | 4.03856389 | 0.07648764 | 4.00795225 | 0.08466676 | 4.436538
49 50 10.01518096 | 0.79548205 | 0.01541464 | 0.80772709 | 0.0152978 | 0.80160454 | 0.01693368 | 0.88732488
48 47 10.06072104 | 3.18178253 | 0.06165569 | 3.23075814 | 0.06118836 | 3.20627024 | 0.06773126 | 3.54911816
42 19 10.29294224 | 15.3501733 | 0.29745936 | 15.5868706 | 0.29520076 | 15.4685199 [ 0.32682834 | 17.1258049
Maximum Current | 0.65123946 | 34.1249475 | 0.66127415 | 34.6507653 | 0.65625674 | 34.3878533 | 0.72651122 | 38.0691882
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Hr-17: 001110 Hr-18: 111000 Hr-19: 111000 Hr-20: 111000
From Bus| To Bus

I (p.u.) 1 (Amp) I (p.u.) I (Amp) I (p.u) 1 (Amp) I (p.u.) I (Amp)

0 3 0.03666155 | 1.92106525 | 0.04344397 | 2.27646419 | 0.05559931 | 2.91340404 | 0.05092368 | 2.6684007
1 2 0.7867479 | 41.2255901 | 1.39614279 | 73.1578822 | 1.78893289 | 93.7400835 | 1.63773019 | 85.8170619
2 3 0.10998289 | 5.76310344 | 0.13032945 | 6.82926292 | 0.16679389 | 8.73999972 | 0.15276763 | 8.00502394
2 4 0.65844284 | 34.5024046 | 1.24409368 | 65.1905088 | 1.59434311 | 83.5435789 | 1.45950388 | 76.4780035
4 5 0.60342373 | 31.6194036 | 1.17885485 | 61.7719942 | 1.51082452 | 79.1672048 | 1.3830181 | 72.4701487
5 6 0.49334771 | 25.8514202 | 1.0482832 | 54.9300398 | 1.34363309 | 70.4063737 | 1.22991725 | 64.447664
6 7 0.41995004 | 22.0053821 | 0.961193 | 50.3665132 | 1.23210243 | 64.5621671 | 1.12779161 | 59.0962802
7 8 0.30982651 | 16.2349093 | 0.83045905 | 43.5160541 | 1.06464432 | 55.7873623 | 0.97446732 | 51.0620875
8 9 0.23637557 | 12.3860799 | 0.74314885 | 38.9409997 | 0.95275189 | 49.9241989 | 0.87203866 | 45.6948256
9 10 [0.12623975 | 6.61496291 | 0.61209673 | 32.0738687 | 0.78477035 | 41.1219664 | 0.71827602 | 37.6376635
10 11 {0.09190506 | 4.81582492 | 0.10928615 | 5.72659444 | 0.1401098 | 7.34175362 | 0.12824035 | 6.71979412
10 12 [0.18715193 [ 9.80676132 | 0.19621981 | 10.2819179 | 0.25138178 | 13.172405 |0.23014972 | 12.0598454
12 13 [0.35244687 | 18.468216 | 1.843E-08 | 9.6573E-07 | 1.841E-08 | 9.647E-07 | 1.8418E-08 | 9.651E-07
13 14 [0.53598434 [ 28.0855792 | 0.28338386 | 14.8493143 | 0.3630335 | 19.0229554 | 0.33237689 | 17.4165491
13 15 [0.11013968 | 5.7713194 | 0.41403422 | 21.6953932 | 0.53035386 | 27.7905421 | 0.4855859 |25.4447009
10 16 [0.20287237 | 10.6305122 | 0.48096194 | 25.2024057 | 0.61665267 | 32.3126001 | 0.56439941 | 29.5745293
16 17 [0.07294211 | 3.82216638 | 0.15304908 | 8.0197719 | 0.19623359 | 10.2826404 | 0.17960333 | 9.41121458
17 18 [0.18315493 9.59731813 | 0.02186491 | 1.1457213 |0.02803461 | 1.46901371 | 0.02565866 | 1.34451374
18 24 1 0.75749286 | 39.692626 |0.16001888 | 8.38498924 | 0.20532204 | 10.7588747 [ 0.18786779 | 9.84427238
19 20 [0.13390222 [ 7.0164761 [0.16001889 | 8.38498978 | 0.20532205 | 10.7588753 [ 0.1878678 |9.84427292
20 21 [ 0.11557297 [ 6.05602352 | 0.13811797 | 7.23738139 | 0.17722787 | 9.28674064 | 0.16215937 | 8.49715084
21 22 0.0788954 | 4.13411888 | 0.09428865 | 4.94072534 | 0.12099421 | 6.34009641 | 0.11070458 | 5.80092008
22 23 ] 0.00551282 | 0.28887183 | 0.00657943 | 0.34476203 | 0.00844339 | 0.44243362 | 0.00772518 | 0.40479951
24 25 0.0422644 |2.21465435 | 0.05044145 | 2.64313217 | 0.06473126 | 3.39191825 | 0.05922524 | 3.10340232
25 26 | 0.09738066 [ 5.10274656 | 0.11621856 | 6.08985263 | 0.14913676 | 7.81476621 [ 0.13645331 | 7.15015352
26 27 | 0.11568795 | 6.06204876 | 0.11645966 | 6.10248632 | 0.1494811 | 7.83280953 [ 0.13675602 | 7.1660154
27 28 1 0.00665886 [ 0.34892428 [ 0.25459676 | 13.3408705 | 0.32674134 | 17.1212461 [ 0.29894221 | 15.6645719
27 41 10.38194581|20.0139606 | 1.8902E-08 | 9.9045E-07 | 1.8845E-08 | 9.875E-07 | 1.8867E-08 | 9.8864E-07
28 29 10.19292706 [ 10.1093779 | 0.02871621 | 1.50472959 | 0.03687257 | 1.93212283 [ 0.03372871 | 1.76738436
28 30 [ 0.15618099 [ 8.18388373 | 0.01517296 | 0.79506328 | 0.01945745 | 1.01957039 | 0.01780733 | 0.9331039
30 31 ]0.04597407 | 2.4090413 |0.05488145 [ 2.8757878 | 0.07044895 | 3.69152505 | 0.06444956 | 3.3771568
31 32 0.09186983 [ 4.81397929 | 0.09199121 | 4.82033964 | 0.11806141 | 6.1864177 [ 0.10801575 | 5.66002543
31 33 10.00444599 [ 0.23296993 | 0.20171002 | 10.5696051 | 0.25888659 | 13.5656571 [ 0.23685403 | 12.4111514
33 34 0.0735432 | 3.85366367 | 0.0877795 |4.59964578 | 0.11266737 | 5.9037702 | 0.1030767 | 5.40121929
33 35 0.0371938 | 1.94895504 | 0.24558223 | 12.8685088 | 0.31519131 | 16.5160248 | 0.28836817 | 15.1104921
34 36 | 0.05548631 [2.90748279 [ 0.26750633 | 14.0173318 | 0.34332385 | 17.99017 [0.31410866 | 16.4592939
36 37 ]0.12890078 | 6.75440067 | 0.35516457 | 18.6106236 | 0.45579096 | 23.8834465 [ 0.41701791 | 21.8517385
37 38 0.1344851 | 7.04701903 | 0.41428739 | 21.7086592 | 0.5315224 |27.8517737 | 0.48635727 | 25.4851211
38 39 0.28172494 | 14.7623866 | 0.79130929 | 41.4646068 | 1.01533587 | 53.2035998 [ 0.92902359 | 48.6808363
38 45 0.0612259 |3.20823705 | 0.32681983 | 17.1253593 | 0.41936994 | 21.9749847 | 0.38371122 | 20.1064681
39 40 10.03757992 | 1.96918801 | 0.29837043 | 15.6346107 | 0.38288337 | 20.0630884 | 0.35032028 | 18.3567829
18 42 10.20152344 | 10.5598283 | 0.6918132 |36.2510118 | 0.88735345 | 46.497321 | 0.81203326 | 42.5505428
42 43 10.11021065 | 5.77503806 | 0.7790036 | 40.8197889 | 0.99904924 | 52.3501804 | 0.9142971 | 47.909168
43 44 10.03673873 | 1.92510935 | 0.82252922 | 43.1005309 | 1.05478272 | 55.2706146 | 0.96533318 | 50.5834586
45 46 10.30004258 | 15.7222312 | 1.63559398 | 85.7051243 | 2.09797329 | 109.933801 | 1.91986472 | 100.600911
46 48 10.18334909 | 9.60749229 | 0.63157447 | 33.0945024 | 0.80887588 | 42.3850962 | 0.74064485 | 38.8097902
48 49 10.09167818 | 4.80393644 | 0.10872016 | 5.69693645 | 0.13917899 | 7.29297932 | 0.12746073 | 6.67894246
49 50 10.01833602 | 0.96080755| 0.02174458 | 1.13941584 | 0.02783669 | 1.4586427 | 0.0254929 | 1.33582776
48 47 10.07334003 | 3.8430175 | 0.50111696 | 26.2585289 | 0.64187203 | 33.6340945 | 0.58770115 | 30.7955404
42 19 [0.35394995 | 18.5469775 | 0.64155861 | 33.6176709 | 0.82293063 | 43.1215651 | 0.75306599 | 39.4606581
Maximum Current | 0.7867479 | 41.2255901 | 1.63559398 | 85.7051243 | 2.09797329 | 109.933801 | 1.91986472 | 100.600911

78




Hr-21: 111000 Hr-22: 111000 Hr-23: 111000 Hr-24: 111000
From Bus| To Bus

I (p.u.) I (Amp) I (p.u.) I (Amp) I (p.u) I (Amp) I(p.u) |I(Amp)

0 3 0.04367769 | 2.28871093 | 0.04367769 | 2.28871093 | 0.04180767 | 2.1907221 | 0.04227542 | 2.21523
1 2 1.40368614 | 73.5531537 | 1.40368614 | 73.5531537 | 1.32217257 | 69.2818425 | 1.35843208 | 71.1818
2 3 0.13103057 | 6.86600173 | 0.13103057 | 6.86600173 | 0.12542073 | 6.57204625 | 0.1268239 | 6.64557
2 4 1.25081907 | 65.5429195 | 1.25081907 | 65.5429195 | 1.17585016 | 61.6145482 | 1.21047267 | 63.4288
4 5 1.18522888 | 62.1059934 | 1.18522888 | 62.1059934 | 1.11307249 | 58.3249984 | 1.14699056 | 60.1023
5 6 1.05395349 | 55.2271627 | 1.05395349 | 55.2271627 | 0.98743176 | 51.7414241| 1.01993735 | 53.4447
6 7 0.96639366 | 50.6390279 | 0.96639366 | 50.6390279 | 0.90363281 | 47.3503595 | 0.93519505 | 49.0042
7 8 0.8349542 | 43.7516002 | 0.8349542 | 43.7516002 | 0.77784518 | 40.7590875 | 0.8079882 [ 42.3386
8 9 0.74717199 | 39.1518122 | 0.74717199 | 39.1518122 | 0.69384782 | 36.3576255 | 0.72303765 | 37.8872
9 10 | 0.61541091 | 32.2475315 | 0.61541091 | 32.2475315 [ 0.56777381 | 29.7513478 | 0.59552965 | 31.2058
10 11 0.10987779 | 5.757596 |0.10987779 | 5.757596 |0.10513092 | 5.50886029 | 0.10632865 | 5.57162
10 12 10.19727935]10.3374379 | 0.19727935 | 10.3374379 [ 0.18880441 | 9.89335104 | 0.19092285 | 10.0044
12 13 1.843E-08 | 9.6571E-07 | 1.843E-08 | 9.6571E-07 | 1.8433E-08 | 9.6587E-07 | 1.8432E-08 | 9.7E-07
13 14 | 0.28491382 | 14.9294843 | 0.28491382 | 14.9294843 | 0.27267605 | 14.2882251 | 0.27573508 | 14.4485
13 15 |0.41626878 | 21.812484 | 0.41626878 | 21.812484 |0.39839491 | 20.8758931 | 0.40286282 | 21.11
10 16 | 0.48356625 | 25.3388714 | 0.48356625 | 25.3388714 | 0.44162466 | 23.1411324 | 0.46794341 | 24.5202
16 17 0.1538779 | 8.0632018 | 0.1538779 | 8.0632018 | 0.12618924 | 6.61231642 | 0.14890598 | 7.80267
17 18 0.02198332 | 1.151926 |0.02198332| 1.151926 | 1.192E-08 | 6.2461E-07 | 0.021273 [ 1.11471
18 24 1 0.16088771 [ 8.43051621 | 0.16088771 | 8.43051621 | 0.36545134 | 19.1496501 | 0.15567609 | 8.15743
19 20 | 0.16088772 [ 8.43051675 | 0.16088772 | 8.43051675 | 0.15431504 | 8.08610799 | 0.1556761 | 8.15743
20 21 0.138868 |7.27668294 | 0.138868 | 7.27668294 | 0.13319414 | 6.97937288 | 0.13436904 | 7.04094
21 22 10.09480077 [ 4.96756033 | 0.09480077 | 496756033 | 0.09092674 | 4.76456132 | 0.09172891 | 4.80659
22 23 10.00661517 | 0.34663492 | 0.00661517 | 0.34663492 | 0.00633116 | 0.33175266 | 0.00640078 | 0.3354
24 25 10.05071547 | 2.6574905 |0.05071547 | 2.6574905 |0.04853811 | 2.54339705 | 0.04907185 | 2.57136
25 26 | 0.11684981 | 6.12292998 | 0.11684981 | 6.12292998 | 0.11183379 | 5.86009082 | 0.11306338 | 5.92452
26 27 10.11709274 | 6.13565971 | 0.11709274 | 6.13565971 | 0.11206235 | 5.87206697 | 0.1132954 | 5.93668
27 28 1 0.25598009 | 13.4133569 | 0.25598009 | 13.4133569 | 0.24498806 | 12.8373741 | 0.2476825 | 12.9786
27 41 1.8901E-08 | 9.9039E-07 | 1.8901E-08 | 9.9039E-07 | 1.8904E-08 | 9.9056E-07 | 1.8907E-08 | 9.9E-07
28 29 10.02887253 | 1.51292039 | 0.02887253 | 1.51292039 | 0.02763055 | 1.44784087 | 0.02793496 | 1.46379
28 30 ]0.01525518]0.79937138 | 0.01525518 | 0.79937138 | 0.01460181 | 0.76513476 | 0.01476199 | 0.77353
30 31 | 0.05517988 [ 2.89142558 | 0.05517988 | 2.89142558 | 0.05280861 | 2.76717094 | 0.05338984 | 2.79763
31 32 10.09249108 | 4.84653273 | 0.09249108 | 4.84653273 | 0.08851911 | 4.63840112 | 0.08949274 | 4.68942
31 33 0.20280627 [ 10.6270486 | 0.20280627 | 10.6270486 | 0.19409549 | 10.1706037 | 0.19623071 | 10.2825
33 34 | 0.08825665 [ 4.6246485 | 0.08825665 | 4.6246485 | 0.08446524 | 4.42597877 | 0.0853946 | 4.47468
33 35 0.24691686 [ 12.9384436 | 0.24691686 | 12.9384436 | 0.23631187 | 12.3827419 | 0.23891141 | 12.519
34 36 |0.26896002 [ 14.0935053 | 0.26896002 | 14.0935053 | 0.25740895 | 13.4882287 | 0.2602404 | 13.6366
36 37 10.35709409 [ 18.7117303 | 0.35709409 | 18.7117303 | 0.34176192 | 17.9083245 | 0.34552027 | 18.1053
37 38 10.41653597 [ 21.826485 | 0.41653597 | 21.826485 |0.39866772 | 20.8901883 | 0.40304794 | 21.1197
38 39 10.79560572 | 41.6897398 | 0.79560572 | 41.6897398 | 0.76146486 | 39.9007589 | 0.76983401 | 40.3393
38 45 10.32859468 | 17.2183611 | 0.32859468 | 17.2183611 | 0.31449131 | 16.4793448 | 0.31794851 | 16.6605
39 40 10.29999107 | 15.7195319 | 0.29999107 | 15.7195319 | 0.2871132 | 15.0447315 | 0.29026996 | 15.2101
18 42 10.69556466 | 36.4475882 | 0.69556466 | 36.4475882 | 0.87813685 | 46.0143711 | 0.67306114 | 35.2684
42 43 0.78322578 | 41.0410309 | 0.78322578 | 41.0410309 | 0.96210048 | 50.4140651 | 0.75789827 | 39.7139
43 44 10.82698599 | 43.334066 | 0.82698599 | 43.334066 | 1.0039995 |52.6095738 | 0.80025097 | 41.9332
45 46 1.64446441 [ 86.1699349 | 1.64446441 | 86.1699349 | 1.78640525 | 93.6076353 | 1.59125438 | 83.3817
46 48 0.63498108 | 33.2730084 | 0.63498108 | 33.2730084 | 0.60773158 | 31.8451347 | 0.61454324 | 32.2021
48 49 10.10930564 | 5.72761571 | 0.10930564 | 5.72761571 | 0.10462208 | 5.48219684 | 0.10579291 | 5.54355
49 50 [0.02186168 | 1.145552 |0.02186168 | 1.145552 [0.02092492 | 1.0964658 | 0.0211591 | 1.10874
48 47 10.50382106 | 26.4002236 | 0.50382106 | 26.4002236 | 0.48219127 | 25.2668228 | 0.48759808 | 25.5501
42 19 ] 0.64503809 | 33.7999961 | 0.64503809 | 33.7999961 | 0.82971075 | 43.4768431 | 0.6241661 | 32.7063
Maximum Current | 1.64446441 | 86.1699349 | 1.64446441 | 86.1699349 | 1.78640525 | 93.6076353 | 1.59125438 | 83.3817
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ANNEX G: PYTHON CODE FOR SIMULATION

import numpy as np

import pandas as pd

import numpy as np

from pyswarm import pso
from tabulate import tabulate

from scipy.special import expit # Sigmoid function
import csv # For saving results to CSV files

# ANSI escape codes for bold and underline
bold = "033[1m'

underline = \033[4m'

reset = "033[0m' # Reset to default style

#Setting Base Values

I base=1

# Read bus data: Load the Excel file
excel file = 'bus_data 24.xlsx'

#Storing Switch Combinations/VD/Ploss in csv file

min_P loss = 0.1 # Example value, replace with actual value

Switch Combination_Final = "Str" # Example string, replace with actual value
min_VD = 0.1 # Example value, replace with actual value
Switch_Combination_Final VD = "str"

filename = 'SC_Final.csv'

data =[]

# Open the CSV file in append mode to preserve previous values
with open(filename, mode='a', newline=") as file:
writer = csv.writer(file)
# Optional: Write header the first time (if the file is empty)
file.seek(0, 2) # Move to the end of the file
if file.tell() == 0:
writer.writerow(["Iteration", "Variable1", "Variable2", "Variable3", "Variable4"])

#Loop for claculating load flow for different time of days ie 24 hours

for u in range(1, 25): # 1 to 24
#Printing Calculation Time of Day

print(f"\n{bold} {underline} For Hour {u:0d}:{reset}")
# Convert sheet number to string (since sheet names are string)
sheet name = str(u)

# Read the sheet data into the bus_data variable
bus_df = pd.read_excel(excel file, sheet name=sheet name)
bus_data = bus_df.to_numpy() # Convert to NumPy array
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# Initialize a large value for min P loss (or use np.inf to ensure the first comparison
works)

min_P_loss = float('inf")

min_VD = float('inf")

#Loop for calculating load flow for different tie switch combinations
for n in range(8):

#Printing switching combinations

print(f"\n Switch Combination: {n:03b}")

LD file name = f"{n:03b}.csv"
line df = pd.read csv(LD_file name)

# Read line data from CSV
#line_df = pd.read_csv("line_data.csv") # Replace with actual file path if needed
line data = line_df.to_numpy() # Convert to NumPy array

# Extract the number of buses from the bus data
n_bus = len(bus_data)

# Identify bus types

PQ buses = list(bus_df[bus_df["Type"] == 1].index)

PV _buses = list(bus_df[bus_df["Type"] == 2].index)

slack bus = bus_dffbus_df["Type"] == 3].index[0] # Assuming one slack bus

print("Bus Data Loaded Successfully!")
print("Line Data Loaded Successfully!")
# Print the loaded data (optional)
print("\nBus Data:")

print(bus_df)

print("\nLine Data:")

print(line_df)

# Admittance matrix calculation
Ybus = np.zeros((n_bus, n_bus), dtype=complex)
for line in line_data:

from_bus = int(line[0])

to_bus = int(line[1])

R = line[2]

X = line[3]

B = line[4]
Z=R+1j*X
Y=1/Z2

Ybus[from_bus, to_bus] -=Y
Ybus[to_bus, from_bus] -=Y
Ybus[from_bus, from_bus]+=Y + 1 * B
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Ybus[to bus, to bus] +=Y + 1j * B

# Newton-Raphson method
def newton_raphson_load flow(bus_data, Ybus, tol=1e-6, max_iter=10):
n_bus = len(bus_data)
V = bus_data[:, 2] # Initial voltage magnitudes
theta = bus_data[:, 3] # Initial voltage angles
P = bus_data[:, 4] # Active power injections
Q = bus_data[:, 5] # Reactive power injections
Qmin = bus_data[:, 6] # Minimum reactive power limits
Qmax = bus_data[:, 7] # Maximum reactive power limits

for iter in range(max_iter):
# Calculate power mismatches
P_calc = np.zeros(n_bus)
Q _calc = np.zeros(n_bus)
for i in range(n_bus):
for j in range(n_bus):
P_calc[i] += V[i] * V[j] * (np.real(Ybus[i, j]) * np.cos(theta[i] - theta[j]) +
np.imag(Ybusl[i, j]) * np.sin(theta[i] - theta[j]))
Q _calc[i] += V[i] * V[j] * (np.real(Ybus][i, j]) * np.sin(theta[i] - theta[j]) -
np.imag(Ybusli, j]) * np.cos(thetali] - theta[j]))

# Power mismatches
dP=P-P calc
dQ=Q-Q calc

# Check for convergence

if np.max(np.abs(np.concatenate((dP[PQ_buses], dQ[PQ_buses])))) < tol:
#print(f'Converged in {iter} iterations.")
break

# Jacobian matrix

J1 = np.zeros((len(PQ_buses), len(PQ buses))) # dP/dtheta
J2 = np.zeros((len(PQ_buses), len(PQ_buses))) # dP/dV

J3 = np.zeros((len(PQ_buses), len(PQ buses))) # dQ/dtheta
J4 = np.zeros((len(PQ_buses), len(PQ buses))) #dQ/dV

for i, m in enumerate(PQ_buses):
for j, n in enumerate(PQ_buses):

if m == n:
J1[i, j] = -Q _calc[m] - (V[m] ** 2) * np.imag(Ybus[m, m])
I2[i,j] = P_calc[m] / V[m] + V[m] * np.real(Ybus[m, m])
I3[, j] = P_calc[m] - (V[m] ** 2) * np.real(Ybus[m, m])
J4[i, j] = Q _calc[m] / V[m] - V[m] * np.imag(Ybus[m, m])

else:
J1[i, j] = V[m] * V[n] * (np.real(Ybus[m, n]) * np.sin(theta[m] - theta[n]) -

np.imag(Ybus[m, n]) * np.cos(theta[m] - theta[n]))
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J2[i, j1 = V[m] * (np.real(Ybus[m, n]) * np.cos(theta[m] - theta[n]) +
np.imag(Ybus[m, n]) * np.sin(theta[m] - theta[n]))
I3[i,j] = -V[m] * V[n] * (np.real(Ybus[m, n]) * np.cos(theta[m] - theta[n]) +
np.imag(Ybus[m, n]) * np.sin(theta[m] - theta[n]))
J4[i, j] = V[m] * (np.real(Ybus[m, n]) * np.sin(theta[m] - theta[n]) -
np.imag(Ybus[m, n]) * np.cos(theta[m] - theta[n]))

J = np.vstack((np.hstack((J1, J2)), np.hstack((J3, J4))))
mismatch = np.concatenate((dP[PQ_buses], dQ[PQ_buses]))

# Update voltage angles and magnitudes
dX = np.linalg.solve(J, mismatch)
dtheta = dX[:len(PQ_buses)]

dV = dX[len(PQ_buses):]

theta[PQ_buses] += dtheta
V[PQ buses] += dV

# Handle PV bus reactive power limits
foriin PV_buses:
Q_calc[i] = np.sum(V[i] * V * (np.real(Ybus[i, :]) * np.sin(thetal[i] - theta) -
np.imag(Ybus[i, :]) * np.cos(theta[i] - theta)))
if Q_calc[i] < Qmin[i]:
print(f'"PV bus {i} violates Qmin limit. Q calc = {Q calc[i]:.4f}, Qmin
{Qmin[i]:.4f}")
Q_calc[i] = Qmin[i]
bus_datali, 2] = Qmin[i] / V[i] # Adjust voltage magnitude
elif Q_calc[i] > Qmax[i]:
print(f"PV bus {i} violates Qmax limit. Q calc = {Q_calc[i]:.4f}, Qmax
{Qmax[i]:.4f}")
Q_calc[i] = Qmax[i]
bus_data[i, 2] = Qmax[i] / V[i] # Adjust voltage magnitude

return V, theta, P_calc, Q calc

# Run load flow
V, theta, P_calc, Q_calc = newton_raphson_load flow(bus_ data, Ybus)

# Compute slack bus power
def compute_slack bus power(V, theta, Ybus, slack bus):
P slack=0
Q slack=0
for j in range(len(V)):
P_slack += V[slack bus] * V[j] * (
np.real(Ybus[slack bus, j]) * np.cos(theta[slack bus] - theta[j]) +
np.imag(Ybus[slack bus, j]) * np.sin(theta[slack bus] - theta[j])
)
Q _slack += VJ[slack bus] * V[j] * (
np.real(Ybus[slack bus, j]) * np.sin(theta[slack bus] - theta[j]) -
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np.imag(Ybus[slack bus, j]) * np.cos(theta[slack bus] - theta[j])
)

return P_slack, Q slack

# Compute slack bus power
P_slack, Q slack = compute slack bus power(V, theta, Ybus, slack bus)

# Prepare results for tabular display
results =[]
for i in range(len(V)):
if i == slack bus:
# Use computed slack bus power

results.append ([
1, # Bus number

f'{V[i]:.6f}", # Voltage magnitude
f"{np.degrees(theta[i]):.6f}", # Voltage angle in degrees
f"{P_slack:.6f}", # Active power injection (computed)
f'{Q _slack:.6f}", # Reactive power injection (computed)
)
else:
results.append([
1, # Bus number
f*{V[i]:.6f}", # Voltage magnitude
f"{np.degrees(theta[i]):.6f}", # Voltage angle in degrees
f'{P_calc[i]:.6f}", # Active power injection
f'{Q_calcl[i]:.6f}", # Reactive power injection

)

# Print bus results in table format

headers = ["Bus", "Voltage (pu)", "Angle (deg)", "P (pu)", "Q (pu)"]
#print("\nBus Results:")

#print(tabulate(results, headers=headers, tablefmt="grid"))

# Compute branch losses
def compute _branch_losses(V, theta, line_data):
losses =]
for line in line_data:
from_bus = int(line[0])
to_bus = int(line[1])
R = line[2]
X = line[3]
Z=R+1j*X
Y=1/Z

# Voltage difference

V_from = V[from_bus] * np.exp(1j * theta[from_bus])
V_to = V[to_bus] * np.exp(1j * theta[to bus])

dV =V _from-V to
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# Current in the branch

I=dV*Y

Branch I = abs(I)*I base

print(Branch_I)
#print(from_bus)

#print(to_bus)

# Power loss in the branch
P_loss = abs(I)*abs(I)*R
Q loss = abs(I)*abs(I)*X

losses.append((from_bus, to_bus, P_loss, Q loss))
return losses

# Calculate and print branch losses
branch _losses = compute branch_losses(V, theta, line_data)
#print("\nBranch Losses:")
#print("From Bus | To Bus | Active Power Loss (P_loss) | Reactive Power Loss
(Q_loss)")
#for loss in branch_losses:
#print(f" {loss[0]:"8} | {loss[1]:76} | {loss[2]:"24.6f} | {loss[3]:"24.6f}")

# Verify power balance

total P_gen = P_slack + np.sum(P_calc[PV_buses]) # Total active power generated
total Q _gen = Q _slack + np.sum(Q_calc[PV_buses]) # Total reactive power generated
total P_load = -np.sum(P_calc[PQ buses]) # Total active power load

total Q load = -np.sum(Q _calc[PQ buses]) # Total reactive power load

total P_loss = np.sum([loss[2] for loss in branch losses]) # Total active power loss
total Q loss = np.sum([loss[3] for loss in branch_losses]) # Total reactive power loss

#Calculation of Minimal Total Power Loss and Combination of Tie Switches for
Minimal Power Loss

if total P loss <min_P_loss:
min_P loss = total P_loss
Switch_Combination = {"{n:03b}"
# Invert the binary string: Replace '1' with '0' and '0' with '1'
opposite_logic =".join('0" if bit == '1" else '1' for bit in Switch_Combination)

# Concatenate the original and inverted strings
Switch_Combination_Final = Switch_Combination + opposite _logic

min_VD_value = float(min(row[1] for row in results)) #Convert str to float for data in
list named "results"
if min_VD_value <min_VD:
min_VD = min_VD_value
Switch_Combination VD = {"{n:03b}"
# Invert the binary string: Replace '1' with '0' and '0" with '1'
opposite_logic VD =".join('0" if bit == '1" else '1' for bit in Switch_ Combination VD)
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# Concatenate the original and inverted strings
Switch_Combination_Final VD = Switch_Combination_VD + opposite logic VD

print(f"\nPower Balance Verification for Switch Combination of: {n:03b}")

print(f"Total P Generated: {total P_gen:.6f}")

print(f"Total P Load: {total P load:.6f}")

print(f"Total P Loss: {total P loss:.6f}")

print(f"Total P Generated = Total P Load + Total P Loss: {np.isclose(total P_gen,
total P _load + total P_loss, atol=1e-6)}")

print(f"\nTotal Q Generated: {total Q gen:.6f}")

print(f"Total Q Load: {total Q load:.6f}")

print(f"Total Q Loss: {total Q loss:.6f}")

print(f"Total Q Generated = Total Q Load + Total Q Loss: {np.isclose(total Q gen,
total Q load + total Q loss, atol=1e-6)}")

#Saving in CSV File

# Save bus results to a CSV file
bus_results_file = f"Hour {u:0d} Bus Result for SC {n:03b}.csv"
with open(bus_results_file, mode="w", newline="") as file:
writer = csv.writer(file)
writer.writerow(headers) # Write headers
writer.writerows(results) # Write data rows
#print(f"\nBus results saved to {bus results file}.")

# Save branch losses to a CSV file
branch_losses_file = f"Hour {u:0d} Branch Result for SC {n:03b}.csv"
with open(branch_losses_file, mode="w", newline="") as file:
writer = csv.writer(file)
writer.writerow(["From Bus", "To Bus", "Active Power Loss (P_loss)", "Reactive
Power Loss (Q loss)"])
writer.writerows(branch_losses)
#print(f"Branch losses saved to {branch_losses_file}.")

print(f"\n{bold} {underline} For Hour {u:0d}:{reset}")
print(f"\n Minimal Loss: {min_P _loss}")
print(f"\n Switch Combination for Power Loss: {Switch_Combination Final}")

print(f"\n Minimal VD: {min_VD}")
print(f"\n Switch Combination for VD: {Switch Combination_Final VD}")

variablel = np.float64(min_P_loss) # Example update

variable2 = str(Switch_Combination Final) # Example update, variable?2 is a string
variable3 = np.float64(min_VD) # Example update

variable4 = str(Switch_Combination Final VD) # Example update, variable4 is a string

data.append([u, str(variablel), str(variable2), str(variable3), str(variable4)])
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# Open the CSV file in write mode (overwriting previous content, or creating a new file if it
doesn't exist)
with open(filename, mode='w', newline=") as file:

writer = csv.writer(file)

# Write the header
writer.writerow(["Time of Day", "Minimal System Loss", "SC for Minimal Ploss",
"Minimum Bus Voltage", "SC for Mininal VD"])
for row in data:
# Ensure that the binary-like variables are treated as strings (adding quotes around them)
row = [f"{item}" if isinstance(item, str) and (item.startswith("0") or len(item) > 3) else
item for item in row]

writer.writerow(row)

# Write all the collected data

#writer.writerows(data)
#print(data) import numpy as np
import pandas as pd
import numpy as np
from pyswarm import pso
from tabulate import tabulate

from scipy.special import expit # Sigmoid function
import csv # For saving results to CSV files

# ANSI escape codes for bold and underline
bold = "033[1m'

underline = \033[4m'

reset = "033[0m' # Reset to default style

#Setting Base Values

I base=1

# Read bus data: Load the Excel file
excel file = 'bus_data 24.xlsx'

#Storing Switch Combinations/VD/Ploss in csv file

min_P loss = 0.1 # Example value, replace with actual value

Switch Combination_Final = "Str" # Example string, replace with actual value
min_VD = 0.1 # Example value, replace with actual value
Switch_Combination_Final VD = "str"

filename = 'SC_Final.csv'

data =[]

# Open the CSV file in append mode to preserve previous values
with open(filename, mode="a', newline=") as file:
writer = csv.writer(file)
# Optional: Write header the first time (if the file is empty)
file.seek(0, 2) # Move to the end of the file

if file.tell() == 0:
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writer.writerow(["Iteration”, "Variable1", "Variable2", "Variable3", "Variable4"])

#Loop for claculating load flow for different time of days ie 24 hours

for u in range(1, 25): # 1 to 24
#Printing Calculation Time of Day

print(f"\n{bold} {underline} For Hour {u:0d}:{reset}")
# Convert sheet number to string (since sheet names are string)
sheet name = str(u)

# Read the sheet data into the bus_data variable
bus_df = pd.read_excel(excel file, sheet name=sheet name)
bus_data = bus_df.to_numpy() # Convert to NumPy array

# Initialize a large value for min_ P _loss (or use np.inf to ensure the first comparison
works)

min_P_loss = float("inf")

min_VD = float('inf")

#Loop for calculating load flow for different tie switch combinations
for n in range(8):

#Printing switching combinations

print(f"\n Switch Combination: {n:03b}")

LD _file name = {'{n:03b}.csv"
line df = pd.read _csv(LD _file name)

# Read line data from CSV
#line df = pd.read_csv("line_data.csv") # Replace with actual file path if needed
line data = line_df.to_numpy() # Convert to NumPy array

# Extract the number of buses from the bus data
n_bus = len(bus_data)

# Identify bus types

PQ buses = list(bus_df[bus_df["Type"] == 1].index)

PV _buses = list(bus_df[bus_df["Type"] == 2].index)

slack bus = bus_dffbus_df["Type"] == 3].index[0] # Assuming one slack bus

print("Bus Data Loaded Successfully!")
print("Line Data Loaded Successfully!")
# Print the loaded data (optional)
print("\nBus Data:")

print(bus_df)

print("\nLine Data:")

print(line_df)
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# Admittance matrix calculation
Ybus = np.zeros((n_bus, n_bus), dtype=complex)
for line in line_data:

from_bus = int(line[0])

to_bus = int(line[1])

R = line[2]

X = line[3]

B = line[4]
Z=R+1j*X
Y=1/Z

Ybus[from_bus, to_bus] -=Y
Ybus[to_bus, from_bus] -=Y
Ybus[from_bus, from_bus]+=Y + 1 * B
Ybus[to bus, to bus] +=Y + 1j* B

# Newton-Raphson method
def newton_raphson_load flow(bus_data, Ybus, tol=1e-6, max_iter=10):
n_bus = len(bus_data)
V = bus_data[:, 2] # Initial voltage magnitudes
theta = bus_data[:, 3] # Initial voltage angles
P = bus_data[:, 4] # Active power injections
Q = bus_data[:, 5] # Reactive power injections
Qmin = bus_data[:, 6] # Minimum reactive power limits
Qmax = bus_data[:, 7] # Maximum reactive power limits

for iter in range(max_iter):
# Calculate power mismatches
P_calc = np.zeros(n_bus)
Q _calc = np.zeros(n_bus)
for i in range(n_bus):
for j in range(n_bus):
P_calc[i] += VI[i] * V[j] * (np.real(Ybus[i, j]) * np.cos(theta[i] - theta[j]) +
np.imag(Ybusl[i, j]) * np.sin(theta[i] - theta[j]))
Q _calc[i] += V[i] * V[j] * (np.real(Ybus][i, j]) * np.sin(theta[i] - theta[j]) -
np.imag(Ybus[i, j]) * np.cos(thetali] - theta[j]))

# Power mismatches
dP=P-P calc
dQ=Q-Q calc

# Check for convergence

if np.max(np.abs(np.concatenate((dP[PQ_buses], dQ[PQ _buses])))) < tol:
#print(f'Converged in {iter} iterations.")
break

# Jacobian matrix
J1 = np.zeros((len(PQ_buses), len(PQ_buses))) # dP/dtheta
J2 = np.zeros((len(PQ_buses), len(PQ_buses))) # dP/dV
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J3 = np.zeros((len(PQ_buses), len(PQ buses))) # dQ/dtheta
J4 = np.zeros((len(PQ_buses), len(PQ _buses))) #dQ/dV

for i, m in enumerate(PQ_buses):
for j, n in enumerate(PQ_buses):
ifm==n:
J1[i, j]1 = -Q _calc[m] - (V[m] ** 2) * np.imag(Ybus[m, m])
J2[i, j] = P_calc[m] / V[m] + V[m] * np.real(Ybus[m, m])
J3[i, j] = P_calc[m] - (V[m] ** 2) * np.real(Ybus[m, m])
J4[i, j] = Q calc[m] / V[m] - V[m] * np.imag(Ybus[m, m])
else:
J1[i, j] = V[m] * V[n] * (np.real(Ybus[m, n]) * np.sin(theta[m] - theta[n]) -
np.imag(Ybus[m, n]) * np.cos(theta[m] - theta[n]))
J2[i, j] = V[m] * (np.real(Ybus[m, n]) * np.cos(theta[m] - theta[n]) +
np.imag(Ybus[m, n]) * np.sin(theta[m] - theta[n]))
J3[i, j] = -V[m] * V[n] * (np.real(Ybus[m, n]) * np.cos(theta[m] - theta[n]) +
np.imag(Ybus[m, n]) * np.sin(theta[m] - theta[n]))
JA[i, j]1 = V[m] * (np.real(Ybus[m, n]) * np.sin(theta[m] - theta[n]) -
np.imag(Ybus[m, n]) * np.cos(theta[m] - theta[n]))

J = np.vstack((np.hstack((J1, J2)), np.hstack((J3, J4))))
mismatch = np.concatenate((dP[PQ_buses], dQ[PQ buses]))

# Update voltage angles and magnitudes
dX = np.linalg.solve(J, mismatch)

dtheta = dX[:len(PQ_buses)]

dV = dX[len(PQ_buses):]

theta[PQ_buses] += dtheta
VI[PQ buses] += dV

# Handle PV bus reactive power limits
foriin PV_buses:
Q _calc[i] = np.sum(V[i] * V * (np.real(Ybusl[i, :]) * np.sin(theta[i] - theta) -
np.imag(Ybus[i, :]) * np.cos(theta[i] - theta)))
if Q_calc[i] < Qminl[i]:
print(f'PV bus {i} violates Qmin limit. Q calc = {Q_ calc[i]:.4f}, Qmin
{Qmin[i]:.4f}")
Q_calc[i] = Qminl[i]
bus_data[i, 2] = Qmin[i] / V[i] # Adjust voltage magnitude
elif Q_calc[i] > Qmax([i]:
print(f'"PV bus {i} violates Qmax limit. Q calc = {Q calc[i]:.4f}, Qmax
{Qmax[i]:.4f}")
Q_calc[i] = Qmax[i]
bus_data[i, 2] = Qmax[i] / V[i] # Adjust voltage magnitude

return V, theta, P_calc, Q calc
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# Run load flow
V, theta, P_calc, Q calc = newton_raphson_load flow(bus_data, Ybus)

# Compute slack bus power
def compute_slack bus power(V, theta, Ybus, slack bus):
P slack=0
Q slack =0
for j in range(len(V)):
P_slack += V[slack bus] * V[j] * (
np.real(Ybus[slack bus, j]) * np.cos(theta[slack bus] - theta[j]) +
np.imag(Ybus[slack bus, j]) * np.sin(theta[slack bus] - theta[j])
)
Q slack += VJslack bus] * V[j] * (
np.real(Ybus[slack bus, j]) * np.sin(theta[slack bus] - thetal[j]) -
np.imag(Ybus[slack bus, j]) * np.cos(theta[slack bus] - theta[j])
)

return P_slack, Q slack

# Compute slack bus power
P _slack, Q slack = compute slack bus power(V, theta, Ybus, slack bus)

# Prepare results for tabular display
results =[]
for i in range(len(V)):
if i == slack _bus:
# Use computed slack bus power
results.append([
1, # Bus number

f'{V[i]:.6f}", # Voltage magnitude

f"{np.degrees(theta[i]):.6f}", # Voltage angle in degrees
f'{P_slack:.6f}", # Active power injection (computed)
f"{Q slack:.6f}", # Reactive power injection (computed)

)

else:
results.append([
1, # Bus number
f*{V[i]:.6f}", # Voltage magnitude
f"{np.degrees(theta[i]):.6f}", # Voltage angle in degrees
f'{P_calc[i]:.6f}", # Active power injection
f'{Q_calcl[i]:.6f}", # Reactive power injection

)

# Print bus results in table format

headers = ["Bus", "Voltage (pu)", "Angle (deg)", "P (pu)", "Q (pu)"]
#print("\nBus Results:")

#print(tabulate(results, headers=headers, tablefmt="grid"))

# Compute branch losses
def compute_branch losses(V, theta, line_data):
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losses = []

for line in line_data:
from_bus = int(line[0])
to_bus = int(line[1])

R = line[2]

X = line[3]
Z=R+1j*X
Y=1/Z

# Voltage difference

V_from = V[from_bus] * np.exp(1j * theta[from_bus])
V_to = V[to_bus] * np.exp(1j * theta[to_bus])
dV=V from-V to

# Current in the branch
I=dV*Y

Branch I = abs(I)*I_base

print(Branch_I)

#print(from_bus)

#print(to_bus)

# Power loss in the branch
P_loss = abs(I)*abs(I)*R
Q loss = abs(I)*abs(I)*X

losses.append((from_bus, to_bus, P_loss, Q loss))
return losses

# Calculate and print branch losses
branch_losses = compute branch_losses(V, theta, line data)
#print("\nBranch Losses:")
#print("From Bus | To Bus | Active Power Loss (P_loss) | Reactive Power Loss
(Q_loss)")
#for loss in branch_losses:
#print(f" {loss[0]:"8} | {loss[1]:76} | {loss[2]:"24.6f} | {loss[3]:"24.6f}")

# Verify power balance

total P_gen = P_slack + np.sum(P_calc[PV_buses]) # Total active power generated
total Q gen = Q slack + np.sum(Q _calc[PV buses]) # Total reactive power generated
total P_load = -np.sum(P_calc[PQ buses]) # Total active power load

total Q load = -np.sum(Q _calc[PQ _buses]) # Total reactive power load

total P_loss = np.sum([loss[2] for loss in branch losses]) # Total active power loss
total_Q_loss = np.sum([loss[3] for loss in branch_losses]) # Total reactive power loss

#Calculation of Minimal Total Power Loss and Combination of Tie Switches for
Minimal Power Loss

if total P loss <min_P_loss:
min_P_loss = total P loss
Switch_Combination = f"{n:03b}"
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# Invert the binary string: Replace '1' with '0' and '0" with '1'
opposite_logic = ".join('0" if bit == "1" else '1' for bit in Switch_Combination)

# Concatenate the original and inverted strings
Switch_Combination_Final = Switch_Combination + opposite logic

min_VD_value = float(min(row[1] for row in results)) #Convert str to float for data in
list named "results"
ifmin_VD_value <min_VD:
min_VD = min_VD value
Switch_Combination VD = {"{n:03b}"
# Invert the binary string: Replace '1' with '0' and '0" with '1'
opposite_logic VD = ".join('0' if bit == '1" else '1' for bit in Switch_Combination VD)

# Concatenate the original and inverted strings
Switch_Combination_Final VD = Switch Combination VD + opposite logic VD

print(f"\nPower Balance Verification for Switch Combination of: {n:03b}")

print(f"Total P Generated: {total P_gen:.6f}")

print(f"Total P Load: {total P _load:.6f}")

print(f"Total P Loss: {total P_loss:.6f}")

print(f"Total P Generated = Total P Load + Total P Loss: {np.isclose(total P_gen,
total P _load + total P_loss, atol=1e-6)}")

print(f"\nTotal Q Generated: {total Q gen:.6f}")

print(f"Total Q Load: {total Q load:.6f}")

print(f"Total Q Loss: {total Q loss:.6f}")

print(f"Total Q Generated = Total Q Load + Total Q Loss: {np.isclose(total Q gen,
total Q load + total Q loss, atol=1e-6)}")

#Saving in CSV File

# Save bus results to a CSV file
bus_results file = f"Hour {u:0d} Bus Result for SC {n:03b}.csv"
with open(bus_results_file, mode="w", newline="") as file:
writer = csv.writer(file)
writer.writerow(headers) # Write headers
writer.writerows(results) # Write data rows

#print(f"\nBus results saved to {bus_results_file}.")

# Save branch losses to a CSV file
branch_losses_file = f"Hour {u:0d} Branch Result for SC {n:03b}.csv"
with open(branch_losses_file, mode="w", newline="") as file:
writer = csv.writer(file)
writer.writerow(["From Bus", "To Bus", "Active Power Loss (P_loss)", "Reactive
Power Loss (Q_loss)"])
writer.writerows(branch_losses)

#print(f'Branch losses saved to {branch losses_ file}.")

93



print(f"\n{bold} {underline}For Hour {u:0d}:{reset}")
print(f"\n Minimal Loss: {min_P loss}")
print(f"\n Switch Combination for Power Loss: {Switch_Combination Final}")

print(f"\n Minimal VD: {min_VD}")
print(f"\n Switch Combination for VD: {Switch Combination_Final VD}")

variablel = np.float64(min_P_loss) # Example update

variable2 = str(Switch_Combination Final) # Example update, variable?2 is a string
variable3 = np.float64(min_VD) # Example update

variable4 = str(Switch_Combination Final VD) # Example update, variable4 is a string

data.append([u, str(variablel), str(variable2), str(variable3), str(variable4)])

# Open the CSV file in write mode (overwriting previous content, or creating a new file if it
doesn't exist)
with open(filename, mode='w', newline=") as file:

writer = csv.writer(file)

# Write the header
writer.writerow(["Time of Day", "Minimal System Loss", "SC for Minimal Ploss",
"Minimum Bus Voltage", "SC for Mininal VD"])
for row in data:
# Ensure that the binary-like variables are treated as strings (adding quotes around them)
row = [f"{item}"™ if isinstance(item, str) and (item.startswith("0") or len(item) > 3) else
item for item in row]

writer.writerow(row)
# Write all the collected data

#writer.writerows(data)
#print(data)
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Abstract

With Nepal’s ongoing transition to renewable energy sources and the increasing adoption of electric vehicles, the existing distribution
networks are encountering critical challenges, including power losses, voltage instability, and inefficiencies in energy usage. This
work investigates the optimization of radial-loop configurations for urban distribution networks in Nepal, focusing on the integration of
Electric Vehicle (EV) charging loads and solar Photovoltaic (PV) systems. The most efficient radial-loop configurations that minimize
line losses, reduce voltage fluctuations, and improve overall system performance is proposed and tested for an urban distribution
network at Nepal Electricity Authority (NEA), Nuwakot Distribution Center (NDC). Through advanced simulation and modeling
techniques, this study evaluates the impact of various configurations on the power flow, line losses, and voltage profile of the
distribution system. Additionally, it explores the potential benefits of incorporating solar PV systems and EV charging infrastructure,
aiming to optimize power distribution while enhancing reliability and minimizing operational costs. The results of the study present
an effective control strategy for radial and loop distribution feeders by utilizing optimal tie switch operations for utility operators. Also,
the findings of this research will provide valuable insights and practical recommendations for policymakers, utility operators, and

Keywords

engineers, supporting the design of more sustainable, resilient, and efficient urban power distribution networks in Nepal.

Radial-Loop Configuration, Electric Vehicle (EV), Solar Photovoltaic (PV), Urban Distribution, Power Losses, Voltage Stability

1. Introduction

1.1 Background

The integration of renewable energy sources such as solar
photovoltaic (PV) systems and the increasing penetration of
electric vehicles (EVs) present significant opportunities and
challenges for modern electrical distribution networks. As the
transition to clean energy accelerates, optimizing the design
and operation of distribution systems has become essential to
ensure reliability, efficiency, and sustainability. Among various
network configurations, radial-loop systems offer a promising
solution by balancing the trade-off between installation cost,
system reliability, and operational efficiency [1]. In particular,
the addition of EVs and solar PV systems into the grid poses
unique challenges, primarily concerning the management of
increased energy demand and intermittent renewable
generation. EVs, with their growing adoption, represent a
substantial load on distribution networks, potentially

exacerbating issues like voltage fluctuation and line loss [2].

Meanwhile, solar PV systems, though beneficial for reducing
the carbon footprint, contribute to voltage fluctuations due to
their variable generation patterns [3]. Thus, it is critical to
assess and optimize the radial-loop configuration of
distribution networks, considering these new loads and
generation sources, to minimize line losses and maintain
voltage stability.

The rapid growth of renewable energy technologies and
electric mobility presents both significant opportunities and
challenges for power distribution networks worldwide. In
Nepal, the increasing integration of solar Photovoltaic (PV)
systems and the growing adoption of Electric Vehicles (EVs)

are transforming the energy landscape, especially in urban
areas. Nepal’s energy sector, historically reliant on
hydropower, is undergoing a shift towards decentralized
renewable energy sources such as solar PV, which contributes
to reducing dependency on conventional grid power [4].
However, the integration of these technologies into the
existing distribution networks, particularly in urban areas,
poses several challenges, including voltage instability and
higher line losses, due to the unpredictable nature of
renewable generation and the fluctuating demand from EV
charging stations [5]. Conventional radial distribution
systems, which are commonly used in Nepalese cities, have
limitations in handling bidirectional power flow and
distributed energy resources. These systems often face issues
such as line losses, voltage drops, and low system reliability
when new loads like EVs and renewable generation sources
like solar PV are integrated [6]. As such, there is a pressing
need to optimize the configuration of these networks to
ensure better integration of distributed energy, mitigate losses,
and enhance voltage stability.

This research aims to assess the optimal radial-loop
configuration for urban Nepalese distribution networks,
focusing on the integration of EV loads and solar PV systems.
By evaluating different radial-loop configurations, the study
will explore strategies to minimize line losses and reduce
voltage fluctuations, thus enhancing the efficiency and
reliability of the network. The results of this work are expected
to provide valuable insights for policymakers, utility
companies, and engineers in Nepal, helping to design more
robust and efficient distribution systems that can better
accommodate the increasing demand for renewable energy

Pages: 1-9
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and electric vehicles in urban areas. This research will
contribute to the growing body of knowledge on optimizing
power distribution networks in developing countries, with a
specific focus on Nepal’s unique energy challenges.

1.2 Problem Statement

The integration of renewable energy sources, particularly solar
Photovoltaic (PV) systems, and the increasing adoption of
Electric Vehicles (EVs) in urban areas present significant
challenges for power distribution networks. In Nepal, the
transition towards decentralized energy generation and
electric mobility is accelerating, but the existing distribution
infrastructure, especially in urban centers, is not adequately
equipped to handle the complexities introduced by these
technologies. As a result, issues such as increased line losses,
voltage fluctuations, and grid instability have become
prominent, jeopardizing the reliability and efficiency of power
supply in urban Nepalese distribution networks.

Traditional radial distribution networks, which are commonly
employed in Nepal, are inherently limited in their ability to
manage bidirectional power flow, a characteristic feature of
distributed generation systems such as solar PV. Additionally,
the unpredictable charging demands of EVs, particularly
during peak hours, exacerbate these challenges, leading to
inefficiencies in power distribution. Current feeder
configurations, which primarily focus on conventional loads
and infrastructure, fail to optimize for the dual integration of
renewable energy and EVs, leaving the distribution system
vulnerable to inefficiencies and performance degradation.

This research seeks to address these issues by exploring the
optimal radial-loop configuration for urban Nepalese
distribution networks, specifically incorporating the
integration of EV loads and solar PV systems. The primary
objective is to identify a configuration that minimizes line
losses, reduces voltage fluctuations, and enhances overall
system stability and reliability in the face of increasing
demand and renewable energy generation. The study will
develop models and optimization techniques tailored to the
specific needs of Nepalese distribution systems, focusing on
their unique operational challenges, such as high line losses,
voltage instability, and the lack of advanced grid management
infrastructure.

The problem is multifaceted, as it involves:

¢ The need for an optimized configuration that accounts
for both solar PV generation and EV load demands,
which vary throughout the day.

¢ The requirement for advanced optimization algorithms
that can address these challenges in a computationally
efficient manner, suitable for real-time application in a
developing country context.

* The necessity of proposing a configuration that not only
minimizes technical losses but also ensures voltage
stability, thereby improving the quality and reliability of
electricity supply in urban areas.

Addressing this problem will contribute to the development of
more sustainable, resilient, and efficient power distribution

networks in Nepal, enabling the successful integration of
renewable energy sources and electric mobility into the
national grid. The results of this study have the potential to
inform energy policy and utility strategies, ultimately helping
to enhance the performance and stability of Nepal’s urban
power distribution systems.

1.3 Research Objective

The main objective of this research is to assess and identify the
optimal radial-loop configuration for the urban distribution
network at NEA, Nuwakot Distribution Center that integrates
Electric Vehicle (EV) loads and solar Photovoltaic (PV)
systems, intending to minimize line losses, reducing voltage
fluctuations, and improving overall system stability and
reliability. This optimization will enhance the efficiency of the
distribution network while accommodating the growing
adoption of renewable energy and electric vehicles in
Nuwakot, Nepal. While the specific objectives are:

e To assess how the inclusion of both EV charging stations
and solar PV generation affects the performance of
distribution networks at the urban area of Nuwakot
Distribution Center, particularly in terms of power
losses, voltage stability, and load demand fluctuations.

* To develop models of various radial-loop configurations
for distribution systems at Nuwakot DC that incorporate
EVloads and solar PV systems. Simulate these models to
analyze their performance under different operational
conditions.

* To optimize the feeder configuration to determine the
most efficient feeder configuration that minimizes line
losses in the distribution network.

e To improve voltage stability and minimize voltage
fluctuations caused by the integration of distributed
generation and fluctuating EV charging demand.

1.4 Research Scopes and Limitations

Scope of the study: This research will focus on the assessment
of optimal radial-loop configurations for urban Nepalese
distribution networks, incorporating Electric Vehicle (EV)
loads and solar Photovoltaic (PV) systems. While the findings
may have broader applications, the primary context is based
on the challenges and characteristics of Nepalese cities, where
the integration of renewable energy and EVs is rapidly
increasing. This research will consider the integration of solar
PV systems and EV charging infrastructure into the existing
power distribution network. The study will not cover other
forms of renewable energy (such as wind or biomass) or
advanced technologies like energy storage systems, which are
outside the scope.

The optimization will address issues such as minimizing line
losses, improving voltage stability, and enhancing system
reliability while integrating the dynamic loads from EVs and
the intermittent nature of solar energy. The study will consider
different timeframes for the simulation of EV charging
demand and solar generation, focusing on daily and seasonal
variations. However, it will not delve into long-term grid
expansion planning or explore multi-year dynamics. The
research will use computer simulations to model various
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feeder configurations and evaluate their performance under
different operating conditions, considering factors such as
load variation, solar generation, and EV demand.

Limitations of Study: Despite the comprehensive approach,
several limitations exist in this study:

¢ The study’s findings may be limited by the availability
and accuracy of data on the actual distribution network
infrastructure, solar PV generation, and EV load profiles
in urban Nepalese settings.

¢ During optimization process, certain assumptions will
need to be made, such as uniform load distribution,
standard operating conditions, and average solar
generation profiles. These assumptions may not fully
reflect the complexity of real-world conditions.

e The study will focus on radial-loop feeder
configurations, which may not address all potential
network optimization scenarios.

¢ The study will assume representative load profiles, but
these assumptions may not fully capture the actual
variability in EV charging demand, especially during
peak times or in the event of unexpected EV adoption
surges.

¢ The focus of the research will be primarily on solar PV
and EVs, without considering other distributed energy
resources like wind or energy storage systems.

2. Literature Review

Different studies have been carried out to provide optimal
radial and loop feeder configuration in a distribution network
reducing the line loss and voltage drop. Following subsections
provide review of the different studies carried on distribution
system feeder optimization till now and the research gap
between past studies and considerations of this research to
address such research gap.

2.1 Previous Studies

Over the years, numerous studies have been conducted on the
optimization of distribution system feeders, focusing on
improving the efficiency and reliability of electrical power
distribution networks. These studies have primarily
concentrated on minimizing power losses, enhancing voltage
stability, and ensuring the effective integration of distributed
energy resources (DERs) such as solar PV systems and electric
vehicles (EVs). Radial distribution networks are typically the
default configuration in many power systems due to their
simplicity and low installation costs. However, they are often
less reliable, as any fault or failure at a single point can cause a
large portion of the network to go offline [7]. In contrast,
looped networks, which connect various points in a
closed-loop configuration, can provide higher reliability and
flexibility by offering alternative paths for electricity flow
during faults or disturbances. While looped systems have
higher installation costs and are more complex to operate,
they can reduce system losses and improve voltage regulation
(8].

The literature highlights that the optimal configuration
between radial and looped systems often depends on various

factors, including cost, reliability, load patterns, and
integration of renewable energy sources. A hybrid approach,
involving both radial and looped topologies, has been
proposed as a solution to combine the cost-efficiency of radial
networks with the reliability benefits of looped systems.
Studies by [9] suggest that such hybrid configurations could
help optimize the trade-off between system losses and
reliability, especially when coupled with distributed energy
resources like solar PVs and EV charging stations. The
incorporation of solar PV systems into distribution networks
has been widely recognized for its potential to reduce
dependency on fossil-fuel-based generation and decrease
greenhouse gas emissions [10]. However, solar PVs also
introduce challenges, primarily due to their intermittent and
variable nature. As PV output fluctuates with weather
conditions, it can lead to voltage instability and significant
power quality issues such as voltage fluctuations and
over-voltages during periods of high solar generation [3].

Early research in distribution system optimization focused on
minimizing power losses through techniques such as load
flow analysis, optimal placement of transformers, and feeder
reconfiguration. For example, studies by [11] emphasized the
importance of reconfiguring feeders in radial distribution
networks to reduce losses and enhance voltage profiles.
Various optimization algorithms, such as genetic algorithms
(GA), particle swarm optimization (PSO), and simulated
annealing (SA), were applied to solve these problems, yielding
improved efficiency and lower operational costs in the
distribution system. Recent advancements in optimization
techniques have shown that Particle Swarm Optimization
(PSO) is a powerful and efficient method for solving various
problems related to optimal feeder configuration. In
particular, the integration of Electric Vehicle (EV) charging
loads and solar Photovoltaic (PV) generation into the
optimization models has presented new challenges and
opportunities for improving the efficiency and reliability of
distribution systems.

A study on [12] used PSO for optimal feeder reconfiguration to
minimize power loss in radial distribution systems. The
authors demonstrated that PSO could efficiently optimize
feeder switches, resulting in reduced losses and improved
voltage stability. Similarly, [13] used PSO to find the optimal
placement of distributed generation (DG) units in distribution
systems, taking into account both active and reactive power
flow, and minimizing feeder losses. This method showed
significant improvements in system efficiency and reduced
operational costs. Study in [14] proposed a PSO-based
method for optimal feeder reconfiguration that integrates the
impact of EV charging loads. The study demonstrated that
PSO could adapt to fluctuating EV demands, allowing for
optimal feeder reconfiguration and load balancing in
real-time. The authors highlighted the advantage of PSO in
handling the uncertainty and variability of EV charging
patterns, which can be highly dynamic, by adjusting the
configuration to optimize power distribution.

Another study by [15] focused on the combined optimization
of EV charging stations and distribution network
configuration. They used PSO to determine the optimal
location and size of EV charging stations while minimizing
power loss and ensuring voltage stability under varying EV
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charging loads. Study by [16] proposed a PSO-based approach
for optimal feeder configuration that incorporated both EV
charging and solar PV generation. The study focused on
reducing power losses and improving the voltage profile while
accounting for the variability of both EV and PV. The authors
demonstrated that PSO, through its ability to explore a large
solution space, was able to find optimal feeder configurations
that minimized losses while maintaining voltage stability in
the presence of uncertain load and generation patterns. They
also highlighted the advantage of PSO in handling the
stochastic nature of renewable energy generation and EV
charging loads. In [17] extended this work by integrating
battery storage systems into the optimization model. The
authors used PSO to determine the optimal configuration of
feeders, placement of solar PV systems, EV charging stations,
and energy storage units. The study aimed to reduce the
impact of EV charging on the feeder network and to enhance
the reliability of the system under varying renewable energy
generation. The results showed that PSO effectively managed
the dynamic fluctuations in both solar power generation and
EV load while ensuring that voltage profiles were maintained
and system losses minimized.

Recent studies have shifted towards integrating renewable
energy sources and EVs into distribution systems. For
instance, [18] presented a feeder optimization approach for
systems incorporating both solar PV and EV loads, aiming to
mitigate issues like voltage fluctuations and unbalanced loads.
The study highlighted the challenges of bidirectional power
flow and the need for dynamic adjustments to the feeder
configuration to accommodate the intermittent nature of
solar energy and the variable demand from EV charging
stations. Similarly, [19] explored the optimal configuration of
distribution feeders in the presence of EVs and distributed
energy sources, proposing a hybrid optimization technique
that considers both operational constraints and economic
factors.

In the context of Nepal, which is experiencing an increasing
adoption of solar PV and EVs, several studies have been
carried out to assess the integration of these technologies into
the country’s distribution networks. For example, [20]
examined the impact of solar PV integration on the existing
radial distribution systems in urban Nepal, identifying issues
related to voltage instability and high line losses. They
proposed the use of advanced optimization techniques to
enhance the distribution network’s performance, including
feeder reconfiguration and voltage regulation. Overall, the
body of literature demonstrates the growing importance of
optimizing distribution system feeders in the face of new
challenges posed by renewable energy integration and electric
mobility. Many studies suggest that an optimal radial-loop
configuration, particularly in urban areas, can significantly
improve system performance by minimizing line losses and
voltage deviations. However, research on optimizing feeders
for Nepal’s specific distribution systems, considering both EV
loads and solar PV systems, remains limited and warrants
further investigation.

2.2 Research Gap

While significant progress has been made in the optimization
of distribution system feeders, particularly with the
integration of renewable energy sources (such as solar PV) and
Electric Vehicle (EV) loads, several gaps remain in the existing
literature. These gaps highlight areas where further research is
required to improve the performance and efficiency of
distribution networks, especially in the context of urban areas
in developing countries like Nepal. This subsection discusses
the research gaps identified from past studies and outlines the
considerations of this research to address these gaps.

One of the primary gaps in past studies is the limited focus on
the integration of both solar PV systems and EV loads
simultaneously in the optimization of distribution system
feeders. = While many studies have addressed feeder
optimization with either solar energy or EV loads in isolation,
there is a lack of research that simultaneously considers the
interaction between these two emerging technologies. The
combined impact of variable solar generation and fluctuating
EV charging demands on the distribution network has not
been fully explored, especially in the context of urban
Nepalese networks, where the adoption of both technologies
is growing rapidly. Most studies [18], [19] have concentrated
on optimizing distribution feeders for either renewable energy
or EVs, but not both in an integrated manner, leading to a
limited understanding of how these factors interact within a
single network.

Another significant gap is the application of optimization
techniques to Nepal's specific distribution system
configurations. Much of the existing research, such as that by
[11] and [20], has primarily focused on developed countries
with advanced infrastructure or on generalized models of
distribution networks. These studies do not adequately
address the unique characteristics of Nepal’'s distribution
systems, which are often more decentralized, face high levels
of power loss, and experience voltage instability due to the
lack of robust grid infrastructure. The optimal radial-loop
configuration for such networks has not been thoroughly
studied in Nepal, and the integration of EVs and solar PV
systems has not been specifically optimized for Nepalese
urban environments. Additionally, while optimization
algorithms such as genetic algorithms (GA), particle swarm
optimization (PSO), and simulated annealing (SA) have been
widely used to solve distribution network optimization
problems [11], [18] there is a need for more context-specific
and computationally efficient methods, particularly when
considering the unique operational challenges in Nepalese
networks. Many of the existing optimization models are
computationally expensive and may not be well-suited for
real-time implementation in developing countries where
computational resources and access to large-scale simulation
platforms are often limited. There is, therefore, a need for
more accessible, low-complexity optimization approaches
that can be effectively implemented in these settings.

This research aims to fill these gaps by exploring the optimal
radial-loop configuration for urban Nepalese distribution
networks with the integration of both EV loads and solar PV
systems. Specifically, this study will simultaneously consider
solar PV and EV loads. This research will assess the combined
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impact of both technologies on power loss, voltage deviations,
and system stability, addressing the gap in understanding
their interactions in urban distribution networks. It will
develop a specific optimization techniques to the unique
features of Nepalese distribution networks, considering local
conditions such as grid infrastructure, power loss, and voltage
fluctuations, which have been inadequately addressed in prior
studies. The research will adopt or develop low-complexity
optimization algorithms to ensure that the solutions are
practical for real-world implementation in Nepal, where
computational resources may be limited. By addressing these
gaps, this research will contribute to the development of more
efficient, reliable, and sustainable distribution networks in
urban Nepal, offering valuable insights that can be applied to
similar contexts in other developing countries facing similar
challenges with renewable energy integration and electric
mobility.

3. Methodology

3.1 Review of Past Studies

The first step of this study is to discuss research carried out
related to distribution system optimization with the
integration of EV loads and Solar PV generators. As discussed
in literature review, there are various research carried out
mainly focused on optimization of radial distribution feeders

with reduced uncertainties and least computational costs.

Even though number of studies have been carried out,
research on optimizing feeders for Nepal’s specific
distribution systems, considering both EV loads and solar PV

systems, remains limited and requires further investigation.

With reference from different literatures, Particle Swarm
Optimization (PSO) will be wused for the proposed
optimization. Particle Swarm Optimization (PSO) is a
heuristic optimization technique inspired by the social
behavior of birds flocking or fish schooling. It is widely used
for solving complex optimization problems because of its
simplicity and ability to find near-optimal solutions in a
reasonable amount of time. In the context of distribution
feeder optimization, PSO has been applied to various
problems related to the efficient design and operation of
electrical distribution systems. When applied to distribution
feeder optimization, which involves tasks like minimizing
power losses, enhancing voltage profiles, optimal placement
of EVs and Distributed generations, capacitor placement, and
reconfiguration, PSO has several distinct advantages over
other optimization techniques. These benefits arise from
PSO’s inherent characteristics, making it particularly
well-suited for the complex and dynamic nature of electrical
distribution systems.

3.2 Generalized Flow of Algorithm
3.2.1 System Modeling

The first step involves development of a comprehensive
model of the urban distribution network taking system data
from NEA, Nuwakot Distribution Center, including both
conventional and distributed energy resources such as solar
PV and EV charging stations. The distribution network is
modeled using standard electrical network elements (such as

feeders, transformers, and buses) in MATLAB Simulink. The
power flow equations are derived and used for simulations to
assess network performance under different configurations.

3.2.2 Load Profile and Solar Generation Modeling

The next step involves modeling the load profiles, specifically
focusing on the variability of EV loads and the intermittency of
solar generation. EV load profiles is based on representative
charging patterns, including both residential and public EV
charging demand. A hypothetical solar PV generation is
modeled as a function of time of day, season, and
geographical location, using typical meteorological data for
urban Nepalese environments near Bidur Municipality of
Nuwakot District to evaluate the model performance in the
presence of solar PV generators.

3.2.3 Feeder Reconfiguration

The various radial-loop configurations are evaluated with the
help of optimization of different tie switch combinations.
Radial-loop configurations are chosen for their practicality in
urban distribution systems, where looped configurations
allow for flexibility in power distribution and improved
reliability compared to purely radial networks. The
optimization will focus on determining which configurations
minimize line losses and enhance voltage stability.

3.2.4 Optimization Algorithm

Particle Swarm Optimization (PSO) technique is employed to
determine the optimal radial-loop configuration. Given the
complexity of the problem, metaheuristic algorithms, PSO
algorithm is well-suited for solving nonlinear, non-convex
optimization problems that arise in network configuration
and operation.

3.2.5 Performance Analysis and Validation

Various simulation scenarios have been executed to evaluate
the performance of different feeder configurations with
different tie switch combinations. The key performance
indicators (KPIs), including line losses, voltage profiles,
conductor ampacity, and power flow stability under varying
solar generation and EV charging demand is assessed. The
results are compared for each configuration to determine the
optimal configuration for the urban distribution network at
NEA, NDC.

3.3 Mathematical Formulation

In reference to the study carried out in [21], the mathematical
formulation of the research objective and constraints are
discussed in the following subsections.

3.3.1 Objective Function

The objective is to minimize the total line losses and voltage
deviations across the distribution network. The objective
function can be expressed as:

n m
Min] =) Piog(i)+ A% Y A()) 6}
i=1 j=1




Assessment of Optimal Feeder Configuration Integrating EV Loads and Solar PV Generation for Urban Nepalese Distribution

Network

Where, Ploss(i): is the power loss in feeder segment i.
A (j): is the voltage deviation at bus j

n: is the number of feeder segments.

m: is the number of buses (nodes) in the network

A: is the weighting factor to balance the importance of line
losses and voltage deviations in the objective function.

3.3.2 Power Flow Equations

The network’s power flow is governed by equations derived
from Kirchhoff’s laws, which include both active and reactive
power. The distribution network consists of a set of nodes
(buses) connected by lines (or branches) that are either in a
radial or loop configuration. Each line has a resistance R and
reactance X and each busihas a voltage Vi, load Pi, and reactive
power Qi. The power flow equations for the network are given
by:

n
Pi=Vi* Y VilGig * cos(0; —0i) + Bix % sin(0; — 01)] (2)
k=1

n
Qi =Vi* ) VilGix * sin(0; = 0x) — Bi * cos(®; — 0] (3)
k=1
Here, P; and Q; are the active and reactive power at the bus i.
V; and 0; are the voltage magnitude and phase angle at bus i.
Gir and Bj are the real and imaginary part of the bus-to-bus
admittance matrix.

3.3.3 Line Loss Computation

The power losses in each feeder are calculated based on the
difference between the power supplied and the power
consumed:

Pross(D) = Y [(Vi = V)) % Gy} @
j=1

Where, G;; is the conductance of the feeder between buses i
and j.

3.3.4 Optimization Constraints

Voltage Constraints: Voltage constraints are enforced to
maintain voltage within a permissible range at each bus:

Vinin < Vi < Vipax forall i

Where, Vi, and V4, are the minimum and maximum
allowable voltages for each bus, ensuring voltage stability.
Power Balance Constraints: EV charging demand and solar
generation are variable and are modeled as time-varying load
profiles. These profiles must be incorporated into the power
flow equations as dynamic loads. The load at each bus,
particularly for EVs, will be constrained by the maximum
charging capacity and the solar power generation will be
bounded by the available irradiance at each time step. The
total power generated (including from solar PV systems) and
the total load (including EVs) must balance:

PGria(i) + Ppy (i) = Proga(i) + Pey (i) (5)

Line Flow Limits: The power flowing through each line must
not exceed its thermal limit:

P1ine(i) < Prhermar for all branches i

By solving the above optimization problem bu using different
tie switch combinations, the optimal radial-loop
configuration is determined which minimizes line losses,
reduces voltage fluctuations, and enhances overall system
reliability and efficiency.

4. Numerical Testing of Proposed
Methodology

4.1 System Under Consideration

The system considered for this research will focus on the
typical urban distribution network in Nepal, integrating
Electric Vehicle (EV) loads and solar Photovoltaic (PV) systems
into the existing power grid. The test system for the proposed
methodology will be based on the radial-loop configuration of
the Nuwakot Distribution Center, operated by the Nepal
Electricity Authority, located in Nuwakot, Nepal. Nuwakot,
situated in the Bagmati Province and to the immediate north
of Kathmandu, the capital city of Nepal, is known for its
diverse cultural landscape and rapidly growing economy. The
demand for agricultural, industrial, and commercial electricity
is increasing significantly, driven in part by its strategic
location along a major highway connecting Nepal’s capital
with China. The Nuwakot Distribution Center includes six
33/11 kV sub-stations and 19 radial 11 kV distribution feeders.
Additionally, there are approximately 742 11/0.4 kV
distribution transformers installed across the district, served
by a total of 613 kilometers of radial 11 kV feeders. The
district’s various consumer categories are supplied through
400/230 V low-tension distribution lines, consuming
approximately 40 million units of electrical energy annually.
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Figure 1: Typical Layout of Feeder and Substation
Arrangements at Nuwakot DC

The Figure 1 illustrates the typical distribution layout of the
NEA, Nuwakot Distribution Center. The feeder under
consideration is the radially configured Battar Feeder (TF4),
which originates from the Trishuli Hydropower Station
substation, along with Feeders No. 5 and 3 from the Devighat
Hydropower Station. These feeders collectively supply the
major load centers in Bidur Municipality, Nuwakot District.
The proposed methodology will be used to determine the
optimal radial and loop configuration, as well as the best
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locations for Electric Vehicle (EV) charging stations and Solar
Photovoltaic (PV) generation within these areas.
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Figure 2: Layout of Existing Distribution System for the Study

The main urban area of Nuwakot District is located within
Bidur Municipality, which accounts for approximately
one-fourth of the total energy consumption in the district.
There are currently six operational EV charging stations in this
area, with an additional 20 stations under installation. Bidur
Municipality also has high solar generation potential, as it falls
within a region with strong solar radiation. Notably, the largest
solar project in Nepal, a 25 MW peak capacity plant, is located
within Bidur Municipality. This makes the area highly suitable
for connecting rooftop PV installations and small solar PV
farms to the low-voltage distribution system. The Nepal
Electricity Authority (NEA) is in the process of developing
policies for the implementation of net metering systems,
which further enhances the feasibility of integrating solar
generation. The key characteristics of the system to be
considered are as follows:

Urban Distribution Network: The study modeled a
radial-loop configuration of distribution network, under
urban area of Nuwakot Distribution Center, Nuwakot District,
Nepal. The network consists of the typical distribution
components such as buses, feeders, transformers, EV charging
station, Solar PV generators and substations. Various network
topologies is simulated, and the effects of different radial-loop
configurations along with effect of EV loads and solar
generators on line losses, voltage stability, and overall system
performance will be assessed.

Electric Vehicle (EV) Loads: EV charging stations is
incorporated into the network as time-varying loads. The load
profiles of different EV charging stations are collected from the
data provided by Advance Metering Infrastructure installed at
NEA and a load profile is analyzed accordingly. The EV
charging load profiles is modeled based on typical urban
driving and charging behaviors. This includes both residential
EVs (charging at home) and public EV charging stations (e.g.,
fast-charging stations located in key urban areas). The
variability in charging demand based on factors such as time
of day, seasonality, and location is considered.

Solar Photovoltaic (PV) Systems: Solar PV systems is
included as distributed generation sources within the
distribution network. These systems is modeled at various
locations within the urban network, considering factors like
geographical position, installation capacity, and local solar
radiation. The intermittent nature of solar power generation is

taken into account, and its impact on the power flow and
voltage stability is analyzed.

Power Flow Analysis: Power flow is analyzed using both active
and reactive power equations. The interaction between EV
charging, solar generation, and conventional loads is
simulated to assess the performance of the network under
varying conditions. Line losses, voltage profiles, and load
balancing is key indicators to optimize the system’s efficiency.

Optimization Techniques: Particle Swarm Optimization (PSO)
algorithm is applied to determine the most efficient
radial-loop configuration that minimizes line losses and
voltage deviations while maintaining the stability and
reliability of the network. The optimization considers the
dynamic integration of EV loads and solar PV generation.

Network Constraints: Constraints such as voltage limits,
capacity limits of feeders, and power supply limitations are
incorporated into the model. The proposed system is
operated within these constraints while achieving the optimal
configuration for minimizing losses and improving voltage
stability.

4.2 Simulation Results

For the urban radial distribution system, as represented in
Figure 2, the system line data and bus data have been
gathered. Since this distribution network consists of various
conductor types, such as ACSR Weasel, ACSR Rabbit, and 100
and 50 Sq. mm XLPE Conductors, the distribution line
parameters—specifically resistance, reactance, and charging
susceptance—vary accordingly. The specific conductor type
used in each branch of the distribution network has been
obtained from the records of the NEA Nuwakot Distribution
Center. The standard per-unit values for these conductor
parameters have been sourced from various standards and are
then multiplied by the length of each branch to determine the
actual line parameters for each specific branch of the
distribution network.
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Figure 3: System Bus Data for Testing System on 17th Feb
2025, 12:00 PM

Similarly, the bus data has been collected from the database of
the NEA Nuwakot Distribution Center. The bus data primarily
consists of three types of buses. One of these is the generator
bus, which represents the power generation sources in the
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system. Two hydropower stations, the Trishuli Hydropower
Station and the Devighat Hydropower Station, are available at
the NEA NDC and are included as generator buses in the
system. For the purpose of this study, a bus located near a
region with the potential for solar PV generation installation is
also considered as a generation bus. The solar PV generation
is included hypothetically to study its behavior within the
proposed methodology. Since solar PV generation is variable,
the generation bus data is also subject to changes over a
24-hour period, as shown in Figure 3.
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Figure 4: Overall System Load Factor behaviour for Different
Time of Day at NEA, NDC

Additionally, the remaining buses are considered load buses.
The load consumed by existing consumers of NEA, NDC from
various categories is treated as the system load. Around sixty-
five 11/0.4 kV distribution transformers are used to supply
different consumer classes of NEA, NDC. The behavior of the
system load is analyzed using the overall system load curve of
NEA, NDC, as shown in Figure 4.
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Figure 5: TOD Vs Total Branch Loss Plot for NEA NDC on 17th
Feb 2025

The hourly demand at each individual system load bus is
evaluated to replicate the system load curve, using measured
data from different sub-stations of NEA, NDC. Another type of
load bus is connected to EV charging stations, which exhibit
variable loads since the charging demand changes throughout
the day. Figure 3 illustrates the total system bus data for the

proposed test system on the 17th of February, 2025, at 12:00
PM. Different bus data sets are generated for various times of
day, as solar PV generation, system loads, and EV charging
loads fluctuate with time.
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Figure 6: TOD Vs Minimum Bus Voltage Plot for NEA NDC on
17th Feb 2025

Table 1: Total Active Power Loss and Minimum Bus Voltage
Magnitude for Different Switch Combination

SN Total Loss (kW) | Min. Voltage (p.u.)
000111 | 137.2665338 0.955057
001110 | 128.9592695 0.954188
010101 | 73.96483496 0.9785
011100 | 69.19762876 0.980229
100011 | 109.9574929 0.959381
101010 | 101.3288711 0.95949
110001 | 59.07886672 0.980706
111000 | 57.08989461 0.980229

Total 299

Using this bus and line data, load flow analysis is conducted,
incorporating different combinations of tie switches, as shown
in Figure 2. These tie switch combinations are controlled to
avoid islanding operations of load buses. For each
combination of tie switches, hourly load flow analysis is
performed to minimize the total branch losses and bus
voltage deviations. For illustration, Table 1 shows the total
branch loss data and minimal bus voltage data for various tie
switch combinations in the test system. In these switch
combinations, logic "0" represents the off/open condition of a
tie switch, while logic "1" represents the on/closed condition.
The first digit in the logic represents tie switch TS1, and it
continues up to the 6th digit for tie switch TS6. In one case, a
minimal branch loss of 57.089 kW is observed when the tie
switch combination is 111000 (i.e., TS1, TS2, and TS3 are
closed, while TS4, TS5, and TS6 are open). Similarly, a minimal
bus voltage of 0.954188 p.u. is observed when the tie switch
combination is 001110 (i.e., TS1, TS2, and TS6 are open, while
TS3, TS4, and TS5 are closed).

The minimal total branch losses for different time of day on
the date of 17th February 2025, is represented in the Figure 5.
Similarly, minimal bus voltage measured among of all 47 buses
for different time of day is represented in the Figure 6. Here for
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each hour of time of day, branch loss and minimal bus voltage
for eight tie switch combination is evaluated. Some of this
combinations are removed as it results the islanded operation
of few load buses.

5. Conslusions

In conclusion, the study investigates the performance and
behavior of an urban radial distribution system using detailed
line and bus data. The system incorporates different
conductor types, generation sources including hydropower
and a hypothetical solar PV installation, and varying loads
from both existing consumers and electric vehicle (EV)
charging stations. Load flow analysis is conducted at various
times of the day, considering different tie switch combinations
to minimize branch losses and bus voltage deviations. The
findings highlight the impact of these combinations on system
efficiency, with some configurations offering minimal losses
and voltage deviations, while others may result in islanding
operations of load buses. This dynamic approach ensures
optimal system performance and can be adapted to real-time
changes in generation and consumption patterns.
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