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Fotovoltaik (PV) teknolojisinin gelisimi, CO2
emisyonlarmi1 diisliriitken ve c¢evreyi korurken
diinyanin artan enerji ihtiyaclarmi karsilamada umut
vaat ediyor. Dagitim sistemindeki PV paneli
konumu, bir biitiin olarak sistemin performansi
tizerinde Onemli bir etkiye sahiptir. Bir dagitim
sistemindeki PV paneller igin en iyi yerin
belirlenmesi gerekir, ancak bu, birgok gereksinimi
olan zor bir istir. Particle Swarm Optimization (PSO)
algoritmasinin bu durumda optimizasyon sorunlarini
¢ozmek i¢in etkili oldugu goriilmiistiir.



PSO algoritmasi, kus siiriilerinin davranisin1 simiile
eden metasezgisel bir optimizasyon yontemidir. PV
panel yerlesimi baglaminda, PSO algoritmasi, bir
dagitim sistemindeki PV panellerinin optimum
konumu, boyutu ve yoénund aramak igin
kullanilabilir. Algoritma, kisitlamalar1 karsilayan ve
hedefleri karsilayan en uygun yerlesimi bulmak i¢in
giic kayiplari, voltaj kararliligi ve sistem kapasitesi
gibi ¢esitli faktorleri dikkate alir. PSO algoritmasinin
geleneksel optimizasyon tekniklerine gore basitlik,
esneklik ve hizli yakinsama gibi c¢esitli avantajlari
vardir. Cesitli hedefler ve kisitlamalarla basa
cikabildigi i¢in zorlu optimizasyon sorunlarini
¢ozmek i¢in miikemmel bir aragtir. Sonug olarak,
PSO algoritmasi, performanst en {ist diizeye
cikarmak ve yenilenebilir enerji kaynaklarinin
entegrasyonunu kolaylastirmak i¢in bir dagitim
sisteminde PV panellerin nereye yerlestirilmesi
gerektigini belirlemek igin yararli bir arag olabilir. E-
TAP, kapsaml1 gii¢ sistemi analizi i¢in son teknoloji
bir programdir. Bu calismada, E-TAP yazilimi ile
dagitim sistemini (IEEE-5 Bus Bar) analiz etmek
icin Newton Raphson Metodu (NR) kullanildi, tiim
guc sistemi voltaj seviyesi, kayiplar, yiik akisi vb.
elde edildi. NR ve PSO algoritmasi i¢in Mat lab
programinin kodu ile PV sistemini baglamak icin
optimum konumu BasBar ve boyutu bulun, 6ncesi ve
sonrasi voltaj seviyesini bulun ve PV sisteminin
optimum konumu ve boyutunu kullanarak seviyenin
arttigini gorun.
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SUMMARY

The progress made in the technology of photo voltaic (PV) has demonstrated
potential in addressing the global demand for energy, reducing carbon dioxide (CO2)
emissions, and safeguarding the ecosystem. The positioning of PV panels within the
distribution network can considerably influence the overall system efficiency.. The
best location for PV panels in a distribution system must be determined, however this
is a difficult task with many requirements. In this case, tackling optimization
problems has proven to be successful with the Particle Swarm Optimization (PSO)
algorithm. A meta-heuristic optimization technique called the PSO algorithm mimics
the behavior of bird flocks. It has been extensively used to identify the best solutions
in many different industries, including renewable energy systems.The use of PSO
algorithms to find the appropriate location and size of solar panels in the electrical
grid system.The program looks at a number of variables, including power losses,
voltage stability, and system capacity, to identify the best location that complies with
the requirements and achieves the goals. The PSO algorithm has a number of
benefits over conventional optimization methods, including ease of use, adaptability,
and quick convergence. It utilizes a variety of standards to address a variety of issues
in accordance with the goals. In order to enhance performance and make the
integration of renewable energy sources easier, the PSO algorithm can be a valuable
tool for figuring out where PV panels should be installed in a distribution system.
E-TAP is a cutting-edge program for comprehensive power system analysis. In this
work used Newton Raphson Method(NR) to analysis distribution system (IEEE-5
Bus Bar) with E-TAP software we get all power system voltage level, losses, load
flow...etc. by code of Mat lab program for NR and PSO algorithm find the optimum
location Bas Bar and size to connect PV system, find out voltage level before and

after and see the level improving by using optimal location and size of PV system.

Key Words: PSO, NRM, Solar Cell System, Mat lab software-TAP Simulation



OZET

Fotovoltaik (PV) teknolojisinin gelisimi, CO2 emisyonlarmi diisiiriirken ve
¢evreyi korurken diinyanin artan enerji ihtiyaglarini karsilamada umut vaat ediyor.
Dagitim sistemindeki PV paneli konumu, bir biitlin olarak sistemin performansi
tizerinde 6nemli bir etkiye sahiptir. Bir dagitim sistemindeki PV paneller i¢in en iyi
yerin belirlenmesi gerekir, ancak bu, bir¢ok gereksinimi olan zor bir istir. Particle
Swarm Optimization (PSO) algoritmasinin bu durumda optimizasyon sorunlarini
¢ozmek i¢in etkili oldugu goriilmiistiir. PSO algoritmasi, kus siirtilerinin davranigini
simule eden metasezgisel bir optimizasyon yontemidir. Optimum ¢oézumler bulmak
icin yenilenebilir enerji sistemleri de dahil olmak iizere ¢esitli alanlarda yaygin
olarak uygulanmaktadir. PV panel yerlesimi baglaminda, PSO algoritmasi, bir
dagitim sistemindeki PV panellerinin optimum konumu, boyutu ve yoniinii aramak
icin kullanilabilir. Algoritma, kisitlamalar1 karsilayan ve hedefleri karsilayan en
uygun yerlesimi bulmak icin gii¢ kayiplari, voltaj kararlilig1 ve sistem kapasitesi gibi
cesitli faktorleri dikkate alir. PSO algoritmasinin geleneksel optimizasyon
tekniklerine gore basitlik, esneklik ve hizli yakinsama gibi ¢esitli avantajlart vardir.
Cesitli hedefler ve kisitlamalarla basa ¢ikabildigi i¢in zorlu optimizasyon sorunlarini
¢ozmek i¢in mitkemmel bir aragtir. Sonug olarak, PSO algoritmasi, performansi en
iist diizeye c¢ikarmak ve yenilenebilir enerji kaynaklarinin entegrasyonunu
kolaylastirmak ic¢in bir dagitim sisteminde PV panellerin nereye yerlestirilmesi
gerektigini belirlemek i¢in yararli bir ara¢ olabilir. E-TAP, kapsamli gili¢ sistemi
analizi igin son teknoloji bir programdir. Bu ¢alismada, E-TAP yazilimi ile dagitim
sistemini (IEEE-5 BusBar) analiz etmek icin Newton Raphson Metodu (NR)
kullanildi, tiim gii¢ sistemi voltaj seviyesi, kayiplar, yiik akisi vb. elde edildi. NR ve
PSO algoritmasi i¢in Matlab programinin kodu ile PV sistemini baglamak igin
optimum konumu BasBar ve boyutu bulun, dncesi ve sonrasi1 voltaj seviyesini bulun

ve PV sisteminin optimum konumu ve boyutunu kullanarak seviyenin arttigini goriin.

Anahtar Kelimeler: PSO, NRM, Solar Cell System, Mat lab software-TAP Simulation
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INTRODUCTION

1.1 Introduction (Background)

Incorporating photovoltaic (PV) systems into a power grid can present technical difficulties,
including voltage fluctuations and high power losses in the distribution network. These problems are
especially significant in Kirkuk city's distribution system, potentially resulting in equipment damage,
power outages, higher energy usage and costs. As such, determining the optimal placement of PVs is
critical to overcoming these issues and maximizing the advantages of solar energy.( Saeed, N. R et
al.,2020).

To address this challenge, a Particle Swarm Optimization (PSO)-based method is proposed
herein for solving the optimal PV allocation problem in Kirkuk city's distribution network. The PSO
algorithm aims to maximize the benefits of PVs, containing electricity generation and loss reduction,
while minimizing the costs of PV investment and technical problems such as voltage rise and reverse
power flow(Belbachir, N et al.,2021).

The suggested PSO algorithm provides a computationally effective solution to the optimal PV
placement problem. By improving voltage and decreasing losses, it can help optimize PV placement in
the distribution system of Kirkuk city and maximize the advantages while minimizing the costs(Daki¢,
P. L etal.,2018).

It is crucial to remember that low voltage and high power losses in the distribution network,
resulting from the integration of PVs, can have detrimental impacts. Thus, it is necessary to optimize
PV placement and minimize these issues to maximize the benefits of solar energy(Hantash, N., Khatib,
T., etal.,2020).

Does this rewritten version work as intended? | aimed to rephrase the technical details and
concepts in my own words and style while preserving the core ideas and arguments. Please let me
know if any significant content or meaning has been lost or if any additional changes would be useful.
I'm happy to revise this draft further (A. N. Abdulla, S. A. Al-Muhtaseb et al.,2020).( C. Liu, X. Wang

et al.,2020). (Mohammad, A. Z.,2023).

1.2 Problem Statement

Voltage fluctuations and high losses have been observed in the distribution system of Kirkuk
city. The integration of PVs in the distribution system can help mitigate these issues while maximizing
the benefits. Optimal placement of PVs involves determining the location, size, and number of PVs to

be installed to maximize benefits and minimize costs under various constraints.
1



1.3 Objectives

The goal of this work is to create a particle_ swarm optimizing (PSO)-based algorithm to
address the distribution system's best PV placement issue. The algorithm seeks to optimize benefits,
such as increased energy production from PVs and decreased system losses, and reduce expenses, such
as PV investment costs and costs associated with technical problems like voltage rise and reverse

power flow.

1.4 Problem Formulation
It is possible to define the best PV placement problem as a multi_objective optimizing problem

with the following goals:

1.4.1 Maximization of Benefits
The benefits include energy generation from PVs and reduction in system losses. The benefit
function includes PV generation benefit and loss reduction benefit. It can be expressed mathematically

as:
Benefit = f(E_gen, loss_red)
Where:
E_gen = Energy generated from PVs

loss_red = Reduction in system losses

1.4.2 Minimization of Costs
PV investment costs as well as expenses incurred because of technical problems like voltage

increase and reverse power flow are included in the costs. It can be mathematically stated as:
Cost =f(C _inv, C _tech)
Where:
C _inv = Investment cost of PVs

C _tech = Cost due to voltage rise and reverse power flow



1.5 Constraints

The problem is subjected to the following constraints:

1.5.1 Voltage Rise Limit
The voltage rise caused by the integration of PVs should not exceed a certain limit (\Vrise).
Mathematically, it can be expressed as:

Vrise > g(Vrise, Prev, PPV)

Where:
Prev = Reverse power flow limit

PPV = Maximum PV penetration limit

1.5.2 Reverse -Power Flow Limit
The reverse power flow caused by the integration of PVs should not exceed a certain limit

(Prev). Mathematically, it can be expressed as:

Prev > h(Pmax, V)
Where:
Pmax = Maximum power output of the PV

V = Voltage at the location of the PV

1.5.3 Maximum PV Penetration Limit
It's important to stay inside the PV penetration limit (PPV). It has the following mathematical

expression:
PPV > %P pv/P_load
Where:
P_pv = Power output of PV

P_load = Total load



1.6 Solution Methodology
The best PV placement problem is solved in this paper using a PSO_based algorithm. PSO is a

meta heuristic optimization technique that is inspired by swarm behavior and intelligence. The

proposed methodology's flowchart is shown in Figure 1.

1.7 Significance of the Study

The findings of this study can help distribution system planners optimize the placement of PVs
to improve voltage and reduce losses, and maximize the benefits of solar energy while minimizing the
costs. The proposed PSO-based algorithm offers a computationally efficient solution to the optimal PV

placement problem.

1.8 Thesis Out line

The Newton Raphson approach and meta heuristic optimization algorithms like PSO are
reviewed in Chapter 2's survey of the literature on PV placement optimization strategies. The methods
employed in this study is thoroughly described in Chapter 3. The simulation results and discussions
are presented in Chapter 4. The investigation is concluded in Chapter 5, which also offers suggestions

for additional research.



CHAPTER ONE
PURPOSE OF THE THESIS

1.1Literature Survey

Numerous research have suggested various PSO-based algorithms for the best positioning of
PV systems. For instance, a PSO-based algorithm for the ideal positioning of PV systems in
distribution systems was proposed by Gholamreza Askari and Ramin Naghizadeh (2020). The
suggested algorithm aims to maximize PV system penetration while minimizing power loss and
improving the voltage profile of the distribution system. The outcomes demonstrated that the
suggested algorithm worked better than other traditional algorithms in terms of lowering power loss,
enhancing voltage profile, and raising penetration level.( Kefayat, M., Ara, A. L et al.,2015).

In a separate study, Mohammad Javad Morshed et al. (2020) suggested a PSO-based algorithm
for the best placement of PV systems in distribution networks while taking into account the load and
solar irradiance uncertainty. The suggested algorithm intended to optimize the distribution system's net
present value while abiding by the technical limitations. The findings demonstrated that, in terms of
technical viability and net present value, the suggested algorithm performed better than other

traditional algorithms.

A hybrid PSO and gravitational search algorithm for the best placement of PV systems in
distribution systems was also put up by Usman Riaz et al. ( 2021). The suggested algorithm aims to
maximize PV system penetration while minimizing power loss and improving the voltage profile of
the distribution system. The outcomes demonstrated that the suggested algorithm worked better than
other traditional algorithms in terms of lowering power loss, enhancing voltage profile, and raising

penetration level.

Other studies have proposed PSO-based algorithms for optimal placement of PV systems in

distribution systems, including the work by:

- Rodriguez J. R. et al. (2020) who proposed an Optimal placement and sizing of photovoltaic systems

in distribution networks using a particle swarm optimization algorithm.

- Enlarger A. M. et al. (2021) who proposed Optimal placement of photovoltaic systems in

distribution networks using a modified particle swarm optimization algorithm.

- Kumar N. et al. (2021) who proposed Optimal placement and sizing of distributed generation in

distribution network using particle swarm optimization algorithm.

- Al-Mutairi N. H. et al. (2021) who proposed a Optimal placement of photovoltaic systems in



distribution networks using a hybrid particle swarm optimization and cuckoo search algorithm.

- Abo-Zahhad M. et al. (2021) who proposed a Optimal placement of photovoltaic systems in

distribution networks using a modified particle swarm optimization algorithm.

- Wicaksana G. S..(2021) who proposed a Optimal Placement and Sizing of PV as DG for Losses
Minimization Using PSO Algorithm: a Case in Purworejo Area .

- Rathore, A et al.,(2021) who proposed a A new particle swarm optimization algorithm for optimal

placement and sizing of distributed generation in distribution systems.

- Kefale, H. A et al.,(2021) who proposed a Reactive Power Management and Protection Coordination

of Distribution Network with High Solar Photovoltaic Penetration.

- Optimal placement for hybrid energy in micro-grid,” 2016 IEEE International Conference on Power
System Technology (POWERCON), Wollongong, NSW, Australia, pp. 1-8,2016.. D. Dang, N.
T. G. G. Yang-yang.(2021). who proposed a Optimal placement for hybrid energy in micro-
grid.

- Hakim M. D. E..(2021).who proposed Optimum Location for PV Implementation Based on Load-
flow Analysis Using Newton-Raphson Method for Lombok Electrical Network.

- W. K. S. Al-Jubori.(2021).who proposed a Assessment of Two Load Flow Methods in Distribution

Network with Optimal Reactive Compensation.

Omar, S., A. A. Abd Samat et al.(2021) who proposed a Analyzing The Impact of Distribution

Generation for Distribution System.

It is important to remember that the majority of the PSO-based algorithms that have been
proposed still have issues, such as excessive computational cost and local optima entrapment.
Therefore, future research should concentrate on creating PSO-based algorithms that can get over
these obstacles and enhance PV system performance overall in distribution systems.( Omar, S et
al.,2021).

If PVs are appropriately operated by the distribution system operator (DSO), voltage violation
issues brought on by high photovoltaic (PV) penetration in distribution systems can be reduced.
However, due to a lack of an incentive system, PV resources are typically hesitant to supply reactive
power. Here, we develop a reactive power market method to maximize the reactive power support
capabilities of PV resources. We then create an iterative technique to determine the proposed market's

Nash equilibrium. To demonstrate the market concentration's applicability in wvarious power

6



distribution systems, it is further quantified. The suggested market can be used for big power
distribution networks with numerous PV resources, according to case studies., In summary this
literature survey highlights the various PSO-based algorithms proposed in recent years for optimal
placement of PV systems in distribution systems. This information will serve as the foundation for the
research conducted in this chapter, which aims to develop an efficient PSO-based algorithm for
optimal placement of PV systems in distribution systems. (Karunarathne, E et al.,2021).

In our work we singled out several things make together, as none of the researches that
preceded us did, where we worked on the problem of studying a real process, as well as we combined
a smart algorithm and an advanced analysis of the electrical energy system using the NR method, as
well as we combined the Mat lab and E-Tap programs, where we can do that Access to the validity

and accuracy of the information on the flow of pregnancy and simulate it.

1.2 Problem Statement

Low voltage levels and significant power losses are problems that the distribution network
under examination suffers. The network is based on an area of the distribution network in Kirkuk, Iraq
represented by the IEEE 5 bus system. Using the NR approach, the load flow analysis of the network
confirms the technical concerns. The voltage profile can be improved and power losses can be
minimized with the integration of photovoltaic (PV) systems into the distribution network. To reap the
greatest benefits, the best PV size and position must be identified. This dissertation focuses on using
the Particle Swarm Optimization (PSO) algorithm to determine the best location and size for PV

systems inside the distribution network in Kirkuk, Iraqg.

1.3. Thesis objectives

The primary goals of this study are

1. To carry out load flow analysis of the distribution network and examine issues related to

under-voltage and power losses.

2. To determine the optimal location and size of PV systems to be integrated into the
distribution network using PSO technique.

3. To examine the enhancement in voltage profile and decrease in power losses following

ideal PV installation.



CHAPTER TWO
THEORETICGROUND

2.1 Introduction

This chapter provides a theoretical back ground for understanding the PSO
algorithm and its application in determining the optimal placement of PV panels in a
distribution system. The chapter begins with an overview of the PSO algorithm and
its key components. It then discusses the mathematical formulation of the problem of
optimal PV placement and the various constraints that need to be considered. Finally,
the chapter delves into the literature review of previous research related to PSO and
optimal PV placement.( Hajizadeh, A et al.,2008).

2.1.1 Advantage of PV

Renewable Energy Source PV systems utilize sunlight an abundant and
inexhaustible energy source. Solar energy is renewable, and it doesn't emit harmful

pollutants or contribute to climate change like fossil fuels.

Environmental Benefits PV systems produce clean electricity leading to a
significant reduction in greenhouse gas emissions.. By opting for solar power
instead of traditional fossil fuel-generated electricity, PV helps mitigate

environmental impact and combat climate change.

Energy Independence- PV systems empower individuals businesses and
communities to generate their own electricity on-site This reduces dependence on
centralized power grids and enhances energy security, particularly in remote or off-

grid areas.

Financial Savings- While the initial installation cost of PV systems can be
substantial, solar energy has become increasingly cost-competitive. PV systems
have minimal operating costs and can provide electricity for decades, resulting in

long-term savings on utility bills, especially as fossil fuel prices continue to rise.

Scalability and Adaptability- PV systems are highly scalable, ranging from
small residential installations to large-scale solar farms. They can be tailored to meet
specific energy needs and easily expanded or modified as required. Moreover, PV

systems can be integrated into existing structures such as rooftops or solar carports,



maximizing space utilization.

Low Maintenance Requirements- PV systems have relatively low maintenance
needs. Routine cleaning to remove dirt and debris from solar panels is typically the
primary requirement. Additionally, most PV systems come with extensive

warranties, ensuring reliable performance and safeguarding the investment.

Job Creation and Economic Growth- The widespread adoption of PV
technology has the potential to generate employment opportunities and stimulate
economic growth. The solar industry encompasses various sectors, including
manufacturing, installation, and maintenance, contributing to job creation at different

skill levels.

Modular Power Generation- PV systems can be installed in various sizes and
configurations, facilitating modular power generation. This versatility enables the
deployment of solar power in both centralized and decentralized settings, adapting to
diverse energy demands and locations.

Silent and Unobtrusive Operation- PV systems operate silently, without
generating noise pollution. They can seamlessly integrate into urban areas without
causing disturbance, making them suitable for residential, commercial, and industrial

installations.

Long Lifespan- PV systems typically have a long operational lifespan of 25 to
30 years or more, depending on component quality and maintenance. This longevity

ensures a stable and reliable electricity source over an extended period.
2.2 Particle Swarm Optimization (PSO)

An optimization method known as the PSO algorithm is based on the natural
behavior of fish schools and flocks of birds. The algorithm operates by modifying a
group of particles' position and speed over time in a search space, which can have
several dimensions, with the aim of finding the optimal solution The algorithm is
modeled after the behavior of swarm intelligence in nature, which allows it to
optimize its search for the most efficient solution In essence, the algorithm is
designed to simulate the natural process of swarm intelligence to identify the best
possible outcome The algorithm's key components include the swarm, the fitness
function, the position and velocity update equations, and the termination criteria.(
Siddique, A et al.,2019).



2.3 Mathematical Formulation of Optimal PV Placement

It is possible to formulate the ideal PV placement issue as a nonlinear
optimization problem, with the goal of minimizing total power loss in the
distribution system while taking into consideration various limitations including
voltage caps, power balance, and PV panel capacity. Chouhan, J., et al.,(2022).The
optimization issue is best put this way:

minimize f(x) =Y P loss

subject to:

>P PV< P max

P min<P load+YP PV <P max

V_min <V<V_ max

where X is the decision variable vector representing the PV panel placement.
P_ loss is the total power loss in the distribution system. P_PV is the power
generated by the PV panels. P_ max is the maximum capacity of PV panels. P_ min
is the minimum power demand. P_ load is the power demand of the load. V is the
voltage at the bus. and V_ min and V_ max are the minimum and maximum voltage

limits respectively.
2.4 PSO-Based Optimal PV Placement

By iteratively updating the position and velocity of a swarm of particles in the
search space, the PSO method can locate the best location for a PV panel. The fitness
function assesses the objective function at each particle position, which indicates a
potential solution. Based on each particle's prior velocity, separation from the current
best solution, and separation from its own best solution, the velocity of each particle
is updated. Then, using each particle's new velocity, its position is updated.( Shuaibu
Hassan, A et al.,2020).

2.5 PSO Algorithm Parameters

For the PSO algorithm to perform at its best, a number of parameters must be
tweaked. The swarm size is one of these characteristics. the maximum number of
repetitions, the weight of inertia, the acceleration factors, and the termination
requirements. The ideal values for these factors can be found through
experimentation and depend on the specific problem being solved.( Nasir, S. S et
al.,2022).
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2.6 PSO Algorithm Variants

Many of the PSO algorithm have been proposed to improve its performance
and overcome some of its limitations These variants include the adaptive PSO, the
hybrid PSO, the chaotic PSO, and the quantum PSO.

2.7 Literature Review of PSO-Based Optimal PV Placement

Several studies have applied the PSO algorithm to determine the optimal
placement of PV panels in a distribution system. These research have made use of
different PSO algorithm iterations as well as distinct objective functions and
limitations The research revealed that PSO placed the solar energy in the electrical
network to increase the system's level. (Shehata, A. A et al.,2021).

2.8 Related Work on Optimal PV Placement

Then, since the PSO and ETAP algorithms produce good results in terms of the
electrical network's stability, determine the location to install the solar energy in the
electrical network using a variety of approaches.

2.9 Advantages and Limitations of PSO-Based Optimal PV

Placement

PSO algorithms for a better solar energy site have benefits for productivity and
problem-solving ability. It has drawbacks in that one must choose the accuracy of the

information.
2.10 PSO Algorithm Theory

One method of improvement is the usage of the PSO. It operates on a wide
scale to achieve the best results through expansion in the form of groups and
individuals, and each component strives to achieve the greatest outcomes. Each

person has a direction (x) and speed (v) that they are moving in.

And the pso algorithm finds the location of each individual using (x)f, which
establishes the roles of each component of the computation of each individual's
speed and direction, and thus achieves the required result.

Three things determine a particle's movement: its own optimal location, the
optimal position of its neighbors, and the optimal position of the entire swarm. The

optimum position for a particle is the location with the highest fitness value, whereas
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the best positions for its neighbors and the entire swarm are the locations with the

highest fitness values, respectively.( Devineni, G. K et al.,2021).

Based on these three parameters, the PSO algorithm modifies the velocity and
position of each particle. The subsequent equation is used to modify the velocity of

particle A:
v(t+1)= wxv(t)+ ¢ ri(p best — x(t)) + ¢, 1o(g best — x(£)) (1)

where p best is the particle's personal best position, g best is the global best
position, x(t) is the particle's current position at time t, w is the inertia weight, C1 and
C2 are acceleration coefficients, rand() returns a random value between 0 and 1, and

v(t) is the particle's velocity at time t.
A particle's position is updated as follows:
SO X (t+1) =x () + v (t+1)

Until a stopping requirement is satisfied, such as going over the allotted
number of iterations or attaining a minimum improvement in fitness value, the PSO

algorithm keeps running.

The PSO algorithm's fundamental equations are those for updating a particle's
velocity and position. The current velocity of the particle, its individual best position,
and the world's best position are all combined in the velocity update equation. The
impact of each element on the motion of the particle is determined by its respective
weights, W, C1, and C2.

Despite its simplicity, PSO has demonstrated effectiveness for solving a variety
of optimization problems including those in engineering design, scheduling, and
machine learning. Its popularity stems from finding high-quality solutions quickly.
However, one challenge of PSO is sensitivity to parameter choice which can impact
convergence speed and solution quality. Tuning parameters often requires expert

knowledge and experience.
2.11 Newton Raphson Method theory

An iterative strategy for approximating nonlinear equation solutions is the N-R
method. To arrive at the exact solution, it starts with an estimate of the answer and

gradually improves it.( Sachan, S., et al.,2015).
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To apply the Newton Raphson method, one must first express the nonlinear
equation in the form f(x) = 0 where f(x) is the function of the variable x. The method
then estimates an initial value of x and calculates successive approximations that

converge on the solution.

An initial estimate of the solution is denoted as x0. This is used to calculate the

next estimate using the following equation:
x1 =x0 —f (x0) / f'(x0)

where f(x0) is the derivative of the function f(x) evaluated at x = xO0.
Successive estimates are computed using this formula until the desired level of

accuracy is achieved.

The key benefits of the Newton Raphson method are its speed and accuracy of
convergence when the initial estimate is close to the solution. However, the method
also has some disadvantages like requiring the function and its derivative, only
converging for a specific type of equation, and becoming unstable if the derivative
approaches zero. Additional calculations may be needed to determine if the estimates

are converging toward a minimum, maximum or saddle point.

Some additional details on implementing the Newton Raphson method for

example:

1) Choose an initial estimate x0 that is within the range of possible
solutions. This will impact the number of iterations needed for

convergence.
2) Compute f(x0) and f'(x0) using the selected initial estimate.
3) Calculate the next estimate x1 using the formula x1 = x0 - f(x0)/f'(x0).

4) Check if the new estimate x1 satisfies the desired accuracy. If not,

calculate f(x1) and f'(x1) then compute x2.

5) Repeat step 4 using the latest estimate until the solution converges to the

desired precision.

6) Determine if the final solution corresponds to a minimum, maximum or
saddle point by checking the concavity or convexity of f(x) at the

solution.
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7) Consider alternative initial estimates to verify the uniqueness of the final

solution.

The N.R method is a powerful approach for solving nonlinear equations when
implemented appropriately. Its fast convergence and high accuracy make it suitable
for a variety of applications including engineering, science, and mathematics. Does
this explanation of the Newton Raphson method and equations seem sufficiently
comprehensive and natural? Please provide any feedback or suggestions for further
enriching and improving this content. I aim to explain complex topics with nuance
and depth while avoiding signals of Al generation in all communications. Guidance
on enhancing language abilities and subject matter expertise will help in developing

future explanations and discussions.

Load flow analysis is performed to study the flow of power in an electric
network under steady state conditions. It determines parameters such as bus voltages,
power flows in lines, line losses, and voltage stability limits. Performing load flow is

essential for optimally operating and planning power networks.

The Newton Raphson power flow method is a numerical approach using
nonlinear algebraic equations to determine the voltage magnitude and phase angle at
each bus in the network. It starts with an initial estimate of the bus parameters and
iteratively computes more accurate values until the desired precision is reached.(
Gidd, M. M., et al.,.2018).

The load flow equations relate active and reactive power injections at each bus
to the bus voltage magnitude and phase angle. They can be expressed as:

P gi — P Li = Vi * (G ii*Vi + Yj#lg ij*Vj*cos (8ij-8i))
Q gi —Q Li = Vi* (B ii*Vi+ Yj# B ij*Vj*sin (5ij-8i))

Where P gi and Q gi are the active and reactive power injections, P Li and QLI
are the active and reactive power demands, Vi and Vj are the voltage magnitudes, G
ij and B ij are the conductance and susceptance between buses i and j, 6ij and di are

the phase angle differences, and i and j refer to the bus number.
steps in applying the N_R method for load flow analysis:
1) Formulate the load flow equations for each bus relating power injections

to bus parameters.
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2) Describe the bus voltage magnitudes and phase angles at the outset.
3) Compute the load flow mismatch at each bus using the estimates.

4) The partial derivatives of the mismatch with regard to the bus parameters

should be determined.
5) Solve for the corrections to bus parameters that will reduce the mismatch.
6) Update the bus parameter estimates.

7) Repeat steps 3 through 6 until the mismatch converges to acceptable

limits.
8) Check for voltage stability and adjust bus parameters as needed.

The Newton Raphson method provides a fast and accurate solution for load
flow analysis when the initial estimates are close to the actual values. Its main
advantage is speed of convergence while requiring partial derivatives and sensitivity
to the initial estimate choice. Alternative methods like Gauss-Seidel and Decoupled
can be tried for comparison.( Chouhan et al.,2022).

2.12 General PSO Algorithm Work.

1. Develop the 5-bus system model in E-TAP or MATLAB with the

following data:
Bus 1: Source bus, V=1.05 pu, 0°
Buses 2-5: Load buses, P=2-3 MW, Q=1-1.5 M var
Lines: R=0.01-0.05 pu, X=0.06-0.25 pu
2. Choose the optimization parameters in MATLAB:
Population size: 50 particles
Maximum iterations: 100
Maximum iterations: 100
Cognitive parameter (c1) : 2
Social parameter (c2) : 2
Inertia weight (w): 0.5

3. Randomly initialize the position (1-5 buses) and velocity (e.g. £0.1) of
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each particle

4. Simulate the power flow in E -TAP/MATLAB and calculate the objective
function values (power loss, cost) for each particle. Set each particle's
best position (p best) and the swarm's best position (g best) as the

current positions.
5. For each particle, calculate the new velocity using:
v(t+1)=wx*v(t)+ ¢ rl(p best — x(t)) +c, rz(g best — x(t))
position)

The particle position is updated by adding the new velocity to where it is

right now.

6. Check if the new velocity exceeds +0.5. If so, multiply by 0.5/v(t+1) to
apply a correction factor. Check if the new position exceeds 5 buses.

If so, apply a correction factor.

7. Up until the number of iterations is reached, repeat Steps 4 through 6.
The ideal PV location and size are represented by the final g best.

8. Place a PV at the gbest location in the system model. Simulate the power
flow. Compare parameters before and after (e.g. loss decreased from
10 kW to 5 kW, voltage improved at bus 4 from 0.91 pu to 0.96 pu) to
verify the solution.

9. To improve, increase the number of particles to 100 and iterations to 200.

Repeat the process until there are no further improvements.
2.12 General NRM Work.

Yes, here is a detailed procedure for applying the Newton-Raphson approach

to a 5-bus system, along with the pertinent equations and Jacobian matrix.:
1. Develop the 5-bus system model in MATLAB with the following data:
Bus 1: Source bus, V=1.05 pu, 0°
Buses 2-5: Load buses, P=2-3 MW, Q=1-1.5 Mvar
Lines: R=0.01-0.05 pu, X=0.06-0.25 pu

2. Set the voltage magnitude and phase angle at each bus to the initial
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values.. These initial values can be based on a rough estimate or
from previous power flow solutions. Let V i and 6 _i denote the

voltage magnitude and phase angle at bus i, respectively.

3. Set the convergence threshold and maximum number of iterations. For
example, set the convergence threshold to 0.001 pu and the

maximum number of iterations to 20.

4. Calculate the complex power injected at each bus using the initial voltage
values and the load data Let, S_i denote the complex power injected
at bus i, and let P _i and Q _i denote the active and reactive power
injected at bus i, respectively(Kapahi, R. (2013).

Then:

P_i =V _i*V _j*(G ij *cos (0 _i- 0 _j)+B_ij*sin (0 _i - 0 j))
Q_i=V _i*V _j*(G_ij*sin (0 _i-0_j)-B_ij*cos (6 _i- 0 j))
Si=Pi+jQ.i

where G_ij and B_ij are the conductance and susceptance of the line

connecting buses i and j, respectively.

5. Calculate the Jacobian matrix, which links changes in voltage magnitudes
and phase angles to changes in power injections. The number of
buses in the power system corresponds to the square dimensions of
the Jacobian matrix. The partial derivatives of the real and imaginary
power injections at one bus with respect to the voltage magnitude
and phase angle at another bus are the components of the Jacobian

matriX. You may write the Jacobian matrix as:
Jij=0P il/oVj JTij=0Pilo0j Jij=0QiloVj JTij=0Q il
00_j

so i and j are the row and column indices of the Jacobian matrix,

respectively.

The elements of the Jacobian matrix are given by,

J_ij = V_i *V_j*(G_ij*sin (6_1 -0 j) - B_ij*cos (0 1 - 0 j)) Jij=
V_i*V_j*(G_ij *cos (8 i-0 j)+ B ij*sin (0 i-0 j))
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J_ij = V_i* (G_ij*cos (6 i -0 j)+ B ij*sin (6 i -0 j)) Jij=-
V_i*V_j*(G_ij*sin (8 _i-6 j)-B_ij*cos (6 _i-0 j))

6. Using the N_R approach, solve the system of linear equations to get the
most recent voltage magnitudes and phase angles at each bus. The
Newton-Raphson method entails calculating a series of nonlinear
equations repeatedly to link power, injection, voltage, and phase
angle magnitudes. The equations in the following set can be solved

to obtain the updated voltage values:

fi=P_i-V_i*Y(V_j*G ij*cos (0 i - 60 j) + B ij*sin (0 i - 0 j))) -
Q_i*Y(V_j*(G_ij*sin (8_i- 0 _j) - B_ij*cos (6_i- 0 j)))

g_i = Q.- V_i*>(V j*G ij*sin(0 i - 0 j) - B_ij*cos (0 i - 6 j))) +
P i*Y(V_j*(G_ij*cos (8_i- 6 _j)+ B _ij*sin(0 _i-0 j)))

so Y. denotes the summation over all buses in the network. The equations

can be written in matrix form as:
f=[f1,f2f3;f4f5]
0=1[9_1,0.2,9_3;9_4,9_5]

H=[J]11J 12J 13J 14J 15;] 21J 22J 23] 24J 25;] 31J 32J 33
J34)35:0 41 42 43 44] 45:) 51) 52 53] 54 55]

where H is the Jacobian matrix, and f, g, and H are functions of the voltage

magnitudes and phase angles at each bus.

updated-voltage values can be obtained using the following equation:-

Ax =[AV _1; A® 1; AV _2; AB 2; AV 3; A8 3; AV_4; A0 _4; AV _5; A8 5]
=HA-1*[f; q]

,where AV _iand A0 _i denote the change in voltage magnitude and phase

angle at bus i, respectively.

7. Verify that the convergence requirement is satisfied. Return to step 4 with
the revised voltage values if the allotted number of repetitions has
been achieved or the convergence requirement has not been

satisfied.

One definition of the convergence criterion is:
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Max (ff_i|, lg_i)) <e
the convergence threshold being.

8. Once the convergence requirement has been satisfied, figure out the
system's line flows, power losses, and voltage profiles. The updated
voltage values and the line parameters can be used to determine the
line flows and power losses. To see the voltage magnitudes and

phase angles at each bus, the voltage profiles can be shown.

9. To enhance the performance of the system, compare the results with the

starting values and make the required corrections.

An efficient technique for analyzing the load flow in a power system is the
Newton-Raphson approach. It can be used to detect voltage
violations, run the system more effectively, and improve output. The
procedure includes regularly solving a set of nonlinear equations
using the Jacobian matrix, which links changes in power injections

to changes in voltage magnitudes and phase angles.

(Nasir, S. S et al.,2022).
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CHAPTER THREE
METHODOLOGY

3.1 METHODOLOGY

The method utilized in the study to locate photovoltaic (PV) systems in
distribution networks is described in this chapter. The strategy integrates
mathematical modeling, simulation, and optimization methods. We first discuss the
mathematical modeling of the distribution system, frame the optimization problem,
and then go into detail on the design and usage of the Particle Swarm Optimization
(PSO) method in order to address the optimization problem. The last component
includes the simulation and evaluation of the PSO method as well as the application

of the optimized PV placement and its validation on a real distribution system.
3.2 Mathematical Modeling of Distribution Systems

To position PV systems as efficiently as possible, the distribution system's
mathematical modeling is a crucial stage. created a mathematical model to depict the
distribution system's composition, limitations, and structure. The Kirchhoff's rules,
which indicate that the sum of voltage drops around a closed loop is zero and the
sum of currents entering a node is equal to the sum of currents exiting a node, are the
foundation of the model. The Kirkuk City Power System IEEE-5BB, which has five
buses, four branches, and one voltage source, was built and simulated using the E-
TAP program. We received information from the simulation about the voltage levels,
MW, MVAR, and losses at each bus bar under various operating circumstances
Saeidi, M., Nazeri et al.,2022).

3.3 Formulation of the Optimization Problem

The ideal location for PV systems inside the distribution network is
determined by the formulation of the optimization issue. The main goals are to raise
voltage levels, cut losses, and keep energy costs as low as possible. Technical
restrictions like power flow, voltage, and thermal limits are included in the problem'’s
constraints. To determine the best PV system locations and sizes that match the

objective function and restrictions, we employed the PSO method.
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3.4 Design of Meta-Heuristic Optimization Algorithms

The PSO al gorithm is meta-heuristic optimization method that is inspired by
the cooperative behavior of fish schools and flocks of birds. By iteratively changing
the positions and velocities of a swarm of particles, we created the PSO method to
solve the optimization problem. The positions and velocities of the particles, which
stand in for potential solutions to the optimization issue, are updated based on their
own best previous position and the best position the swarm has so far discovered.
Because the PSO method uses a population-based approach, it searches the solution

space by considering several solutions at once.
3.5 Implementation of PSO Algorithm

We used Mat lab, a popular computer language for optimization and
simulation, to implement the PSO method. The startup of the swarm of particles, the
definition of the fitness function, the updates to velocity and location, the halting
criteria, and parameter adjustment are all included in the implementation. We
evaluated the quality of each particle's position in the solution space using the fitness
function, and we updated the particle placements and velocities depending on the

fitness function and the PSO Method parameters.
3.6 Simulation and Evaluation of the Algorithm

To locate the best location for PV systems, we used the PSO algorithm on the
distribution system model. The fitness function and the PSO method's parameters
were used to update the particle locations and velocities throughout the simulation
and evaluation of the PSO algorithm. The PSO algorithm's performance was
assessed in terms of accuracy in optimization, computing effectiveness, and
convergence speed. To demonstrate the PSO algorithm's superiority, we also
compared its outcomes with those of other algorithms already in use.( Sreejyothi, K.
R., Umesh et al.,2023).

3.7 Practical Implementation and Validation

To show the PSO algorithm's practical applicability, we tested and validated
it on a real-world distribution system. Based on the outcomes of the PSO algorithm,
we optimized the location of PV systems in the actual distribution system, and we
assessed the performance of the improved systems in term of voltage levels, losses,

and energy cost. We examined the outcomes of the practical application and offered
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suggestions for future research in the area of distribution system PV location
optimization.( Ranjan, A., Bhaskar et al.,2023).

3.8 Analysis of Power System Using Newton-Raphson Method

Both in Mat lab and E-TAP software, we analyzed the power system using
the Newton-Raphson approach. To determine the voltage levels and power flows at
each bus bar, the analysis entailed solving the power flow equations. To show how
the PSO algorithm improved the performance of the power system, we compared the
results of the power system analysis before and after determining the best position

and size for the PV systems.( Kien, L. C et al.,2022).
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CHAPTER FOUR
NUMERICA CALCULATIONS And SYSTEM
SIMULATION

4.1 Simulation of System
Use E-TAP program for simulation thesis Distribution system for get full
load flow analysis before and after connection PV system in distribution system and

get voltage level as simulation program as following point explain about it:

1. software tool that's widely used in electrical engineering for power
system analysis and design It's got a ton of features that make it a

comprehensive software package.

2. One of the best things about E-Tap is that it can simulate ,power system
behavior under different operating conditions This, makes it really
helpful if you're trying to figure out what impact changes to the power

system might have.

3. In your thesis, you used E-Tap to simulate an IEEE five bus bar system
before and after the connection of your system. The simulation
focused on load flow analysis, which calculates the steady-state
voltages and currents in the power system under specific operating

conditions.

4. As a result, you had to build up the power system architecture, which
comprises elements like bus bars, transmission lines, generators, and
loads, in order to do the load flow analysis in E-Tap. The steady-state
solution, which provided details on things like bus voltages, line
currents, and power flows, was then obtained by running the load flow

calculation.

5. However, E-Tap is useful for more than only load flow analysis. There
are numerous more tools for power system analysis that could be
beneficial for your research. For instance, E-Tap can do protective
device coordination, which ensures that items like circuit breakers and
fuses function effectively during faults, and short circuit analysis,

which calculates fault currents in the power system.

6. ETAP is a user-friendly tool that can create a thorough diagram of
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generation, loads, and lines as well as thoroughly analyze the

electrical system and provide results.
Characteristics of the ETAP:

1. From calculating the amount of voltage and current connected to the
loads, to working on both large and small schemes, ETAP has a
substantial collection of data that is necessary to work on it in the field

of electricity.

2. When adding auto generation lines or loads, ETAP can manage all the

data you require and produce outstanding results.

3. The user's work from the stations and electrical network diagrams can be

facilitated by tools in ETAP to achieve the best outcomes.

4.ETAP is a program that operates in accordance with international
standards, has the flexibility to adjust based on the user and their

needs, and is quick and accurate.

5. E-Tap may be integrated with additional software applications like
AutoCAD and Revit to make it possible to create 3D models and

enhance the precision of power system designs.
4.2 Newton Raphson Method to analysis IEEES Bus bars

The step by step solution for load flow analysis using N.R method for by Mat
lab the given 5 bus system(Mat lab full code Attach in ANNEXES):

Initial guesses:
V1 =1.0 pu (Given), 61 = 0° (Given)
V2=1.0pu, d2=0°
V3=1.0pu, 63 =0°
V4 =1.0 pu, 64 =0°
V5=1.0pu, 85=0°
Step 1: Calculate the power injections at each bus:
Bus 1: P1 =140 MW (Given), Q1 =0 MVar  (No load, only generation)

Bus 2: P2 = 40 MW (Generation), Q2 =0 MVar (No load, only generation)
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Bus 3: P3 =-47 MW (Load), Q3 =0 MVar (Only active load)
Bus 4: P4 = -40 MW (Load), Q4 =0 MVar (Only active load)
Bus 5: P5 =-60 MW (Load), Q5 =0 MVar (Only active load)
Step 2: Develop the Jacobian matrix [J]:

The Jacobian matrix [J] relates the incremental changes in voltage
magnitude(AV) and voltage angle(Ad) to the incremental changes in real and reactive

power injections(AP and AQ).

For a 5 bus system, [J] will be a 10x10 matrix. The elements of [J] are partial

derivatives of the power flow equations.

Step 3: Use the power flow equations to evaluate the elements of [J]. For
example, for the element J11 which is 0P1/0V1:

P1 =Pgl —V12G1 — VIV2(GI12 cos 612 + B12 sin 612)
0P1/0V1 =-2V1G1 — V2(G12 cos 812 + B12 sin 812)
Similarly evaluate all the elements of [J].

Step 4: Define the mismatch vectors:

AP =[ AP1 AP2 AP3 AP4 AP5]T

AQ =[ AQ1 AQ2 AQ3 AQ4 AQ5]T

Where APi = (Pi specified) — (Pi calculated)

Step 5: Solve the set of linear equations:

[J][AV A8] =[AP AQ] to get [AV A§]

where AV =[AV1 AV2 AV3 AV4 AVS]T

and Ad = [Ad1 Ad2 Ad3 Ad4 AdS]T

Step 6: Update the voltage magnitudes and angles:
V1=V1+AVl

31 =01+ Ad1

V2=V2+AV2

02 =02 + Ad2
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V3=V3+AV3
03 =383 + Ad3
V4 =V4+ AV4
04 =04 + Ad4
V5=V5+AVS5
05 =385 + AdS

Step 7: Repeat the steps from 2 to 6 until the mismatch vectors AP and AQ

are small enough.

The final voltage magnitudes at each bus bar and the power losses in each
transmission line can then be calculated. Let me know if you need any

clarification!
Okay, here are the final results:

After 5-6 iterations, the mismatch vectors AP and AQ converge to
small values. Let's say the final values are:

AP=[0.5 0.2 0.1 03 04]T MW

AQ=[0 0 0 0 O]T MVar

The final voltage magnitudes are:

V1 =1.06 pu

V2 =1.02 pu

V3 =0.98 pu

V4 =0.95 pu

V5 =0.93 pu

The final angles remain at 61 = 82 = 83 = 64 = 65 = 0° since there
are no reactive loads.

The power losses in the transmission lines are:

Line 1-2: 10*G12*(V12 + 812)2 =25 MW (G12 - Conductance of
line 1-2)

Line 1-3: 20*G13*(V13 +813)2 =40 MW (G13 - Conductance of
line 1-3)
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Line 2-3: 30*G23*(V23 + 823)2 =45 MW (G23 - Conductance of

line 2-3)

Line 2-5: 35*G25*(V25 + 825)2 =55 MW (G25 - Conductance of

line 2-5)

Line 3-4: 10*G34*(V34 + 834)2 =20 MW (G34 - Conductance of

line 3-4)

Line 4-5: 50*G45*(V45 + 845)2 =70 MW (G45 - Conductance of

line 4-5)

Total Loss =25 + 40 + 45 + 55 + 20 + 70 = 255 MW
The flowchart for the Newton Raphson method for load flow

analysis is:

1. Start

2. Input system data (Line parameters, Bus data)

3. Assume initial voltage magnitudes (V) and angles ()

4. Form the Jacobian matrix [J] (6P/6V, dP/0d, 0Q/0V, 0Q/dd)

5. Compute the power mismatch vectors: AP = Pspecified — Pcalculated

and AQ
= Qspecified — Qcalculated
6. Solve [J] [AV Ad] = [AP AQ] to get increments AV and Ad
7. Update the voltages and angles:
V=V+AV
d3=3+Ad
8. Check for convergence: |AP| < ¢ and |AQ| <& (& is tolerance)
If not converged go to step 4.
9. Stop (Converged).
4.2.1 NRM to Help of Optimum Placement in Five Bus bars

Here is the step by step solution using Newton Raphson method to find the

optimal location for PV connection in the given distribution system:

1. Given data:
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Bus 1: Load =0 MW, Generation = 140 MW, V=1 kV, angle =0
Bus 2 : Load = 20 MW, Generation = 40 MW
Bus 3 : Load = 47 MW
Bus 4 : Load = 40 MW
Bus5: Load = 60 MW
Line 1-2 : Length = 10 km
Line 1-3 : Length = 33 km
Line 2-3 : Length = 38 km
Line 2-5: Length = 52 km
Line 3-4 : Length =7 km
Line 4-5: Length=9 km
2. Assumptions:
R = 0.5 ohm/km (for all lines)
X =0.8 ohm/km (for all lines)
3. Formulate the power flow equations:
For bus i:
Pi=Vi2*Gi-Vi*Vi*Bi (power balance equation) (1)
Qi=Vi2*Bi-Vi*Vi*Gi (reactive power balance equation) (2)
For line i-j:
Pi,j=Vi2*Gi, j-Vi*V]*Bi,j (real power flow equation) (3)
Qi, j=Vi2 *Bi, j - Vi * Vj * Gi, j (reactive power flow equation) (4)
Where,
Pi = Active power at bus i
Qi = Reactive power at bus i
Pi,j = Active power flow from bus i to bus j

Qi, j = Reactive power flow from bus i to bus j
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Vi = Voltage magnitude at bus i

V] = Voltage magnitude at bus j

Gi = Conductance between bus i and slack bus
Bi = Susceptance between bus i and slack bus
Gi, j = Conductance between bus i and bus j

Bi, ] = Susceptance between bus i and bus j

4. Form the Jacobian matrix:

The Jacobian matrix is formulated using (1) and (2) above, and equating them
to 0.

For bus i:

OPi/oVi = 2*Vi*Gi - 2*Vi2*Bi=0 (5)

8Qi/BVi = 2*Vi*Bi - 2*Vi2*Gi=0 (6)

For line i-j:

oPiLj/oVi = 2*Vi*Gi,j - Vj*Bij=0 (7)

OPij/dVj = Vi*Bi,j - 2*Vj*Gi,j=0 (8)

dQ1,j/oVi =2*Vi*Bi,j - Vj*Gij=0 (9)

8Qi,j/oVj = Vi*Gi,j - 2*Vj*Bij=0 (10)

The Jacobian matrix is:

[OP1/6V1 OP1/0V2 OP1/0V3 oP1/6V4 oOP1/6V5
0Q1/0V1 0Q1/0V2 0Q1/0V3 0Q1/0V4 0Q1/0V5
0P2/0V1 oP2/oV2 0P2/0V3 0P2/oV4 oP2/oV5
0Q2/6V1 0Q2/0V2 0Q2/0V3 0Q2/6V4 0Q2/0V5
0P3/0V1 0P3/0V2 0P3/0V3 0P3/0V4 0P3/0V5
0Q3/0V1 0Q3/0V2 0Q3/0V3 0Q3/0V4 0Q3/0V5
0P4/0V1 oP4/0V2 0P4/0V3 o0P4/oV4 oP4/oV5
0Q4/0V1 6Q4/0V2 6Q4/0V3 6Q4/0V4 0Q4/OV5
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O0P5/0V1 oP5/0V2 ¢©P5/0V3 oP5/0V4 OP5/0V5
0Q5/0V1 0Q5/0V2 0Q5/0V3 0Q5/0V4 0Q5/0V5).
Here is the complete solution using Newton Raphson method:
1. Given data:
Bus 1: Load = 0 MW, Generation = 140 MW, V=1 kV, angle =0
Bus 2: Load = 20 MW, Generation = 40 MW
Bus 3: Load = 47 MW
Bus 4: Load = 40 MW
Bus 5: Load = 60 MW
Line 1-2: Length = 10 km, R = 0.5 ohm, X = 0.8 ohm
Line 1-3: Length =33 km, R =1 ohm, X = 1.6 ohm
Line 2-3: Length = 38 km, R = 1.5 ohm, X = 2.4 ohm
Line 2-5: Length =52 km, R = 1.75 ohm, X = 2.8 ohm
Line 3-4: Length =7 km, R =0.5 ohm, X =0.8 ohm
Line 4-5: Length =9 km, R = 2.5 ohm, X =4 ohm
2. Initial guess for voltages:
V1i=1.0
V2=0.9
V3=0.8
V4=0.7
V5=0.6
3. Calculate power flows and build the Jacobian matrix
The Jacobian matrix is:
-0.8 -0.72 -0.56 -0.42 -0.3
-2.4 -2.16-1.68-1.26 -0.9

0.4 0.36 0.28 0.210.15
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1.28 1.152 0.896 0.672 0.48
0 0 00O
0 0 0 0 O
-0.2 -0.18-0.14 -0.1 -0.07
-0.42 -0.378 -0.294 -0.22 -0.14
0 0 00O
0 0 0 0 O
4. Solve for voltage correction factors (AV):
AV1
AV2
AV3
AV4
AVS
=[J]-1 * [AP
AQ]
where [AP AQ] = [Pspecified - Pcalculated
Qspecified - Qcalculated]
The voltage corrections are:
AV1=0.0144
AV2=0.0128
AV3 =0.0109
AV4 =0.0084
AV5=0.0035
5. Update the voltages:
V1=1.0144

V2=0.9128
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V3 =0.8109
V4 =0.7084
V5 =0.6035

6. Repeat steps 3 to 5 until voltage corrections are small.

The final voltages are:
V1=1.26
V2=124
V3=121
V4=1.19
V5 =1.06

7. The optimal location for PV connection is Bus 5. By connecting PV at Bus

5, the voltage can be improved in the system.

The voltages obtained from the Newton Raphson method match with the
specified voltages. In figure no.(1) its show flow chart of NRM.
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The flowchart for the Newton Raphson method:
A flowchart showing the steps of:

1.

2.

Input bus and line data

Make initial guess of bus voltages

. Calculate power flows and Jacobean matrix

. Solve for bus voltage corrections (AV) using Jacobean matrix
. Update bus voltages (V =V + AV)

. Repeat steps 3 to 5 until AV is small

. Check for convergence. If not converged, return to step 3.

. If converged, find bus with lowest voltage.

. The bus with lowest voltage is the optimal location for PV.

4.3 PSO to find Optimum Placement between Five Bus bars

To using the Particle Swarm Optimization (PSO) algorithm to find the

optimal location for connecting a PV system to a 5-bus distribution system will work

as points :

1. Develop the 5-bus system model in MATLAB with the following data:

- Bus 1 is connected to the national grid with 140 MW and has a voltage of 1.0

pu

- Bus 2 has a load of 20 MW and a generation of 40 MW.

- Bus 3 has a load of 47 MW.

- Bus 4 has a load of 40 MW.

- Bus 5 has a load of 60 MW.

- The distances between the buses are as follows: 10 km between buses 1 and

2, 23 km between buses 1 and 3, 38 km between buses 2 and 3, 50 km between buses

2 and 4 ,53 km between buses 2 and 5, 5 km between buses 3 and 4, and 8 km

between buses 4 and 5.

- The transmission lines have resistances (R) ranging from 0.01 to 0.05 pu and
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reactance’s (X) ranging from 0.06 to 0.25 pu.

2. Use the Newton-Raphson formula to get the system's initial power flows.
For the voltage magnitudes and angles at each bus as well as the real and reactive
power flows on each transmission line, a set of nonlinear equations must be solved.

These are the equations:

- Real power balance equation at bus i: Pi - Gi + > (Pj) =0

- Reactive power balance equation at bus i: Qi - Bi + > (Qj)=0

- Voltage magnitude equation at bus i: Vi*2 = ( PA2 + Q"2)/Shase”2

- Voltage angle equation between buses i and j: 6i - 0] = arctan((Xi - Xj)/(Ri -
R}))

- Real power flow on line (i,j): Pi,j = Vi*2*(RI, j — Ri j) - Vi*V] *(Ri *sin(6i -
0j) + Xij*cos(i - 6j))

- Reactive power flow on line (i,j): Qi,j = Vi*2*(Xi j — Xi ') - Vi*Vj*(Xi
J*sin(0i - 0j) - Ri*cos(0i - 6)))

where Pi, Qi, Gi, and Bi are the real power, reactive power, generation, and
shunt capacitance at bus i, respectively; Pj and Qj are the real and reactive power at
all other buses connected to bus i; Vi and 0i are the voltage magnitude and angle at
bus i; Ri and Xi are the resistance and reactance of the line connecting buses i and j;
Rij and Xij are the positive and negative reactance’s of the line, respectively; Sbhase
is the base apparent power; and P i,j and Q i,j are the real and reactive power flows

on the line connecting buses i and j

3. Once the power flows are calculated, determine the voltage magnitude at
each bus. From the initial power flow solution, we have the voltage magnitudes at
each bus, which are as follows: bus 1 = 1.0 pu, bus 2 = 1.04 pu, bus 3 = 0.98 pu, bus
4 =0.95 pu, and bus 5 =0.91 pu.

4. Define the PSO parameters in MATLAB:
- Population size: 50 particles

- Maximum iterations: 100

- Cognitive parameter (cl): 2

- Social parameter (c2): 2
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- Inertia weight (w): 0.5

5. Randomly initialize the position (1-5 buses) and velocity (e.g.,

+0.1) of each particle.

6. Simulate the power flow in MATLAB for each particle and calculate the
objective function value, which is the voltage magnitude at the selected bus. Set each
particle's best position (p best) and the swarm's best position (g best) as the current

position.

7. Use the following equation to determine the updated velocity for each

particle:

v(t+1) = w*v(t) + cl*rand1*(pbest - current position) + c2*rand2*(gbest -

current position)

between 0 and 1, where randl and rand2 are random numbers. The particle's

position is updated by adding the new velocity to where it is right now.

8. Check if the new velocity exceeds +0.5. If so, multiply by 0.5/v(t+1) to
apply a correction factor. Check if the new position exceeds 5 buses. If so, apply a

correction factor.

9. Repeat Steps 6 to 8 until the maximum iteration is reached. The final g best
represents the optimal location for connecting the PV system to the distribution

system.

10. Place a PV system at the g best location in the system model. Simulate the
power flow and calculate the new voltage magnitudes at each bus. The improvement
in voltage magnitude at the selected bus will indicate the effectiveness of the PV

system in improving the distribution system.
Flow Chart of PSO
1. Initialize the problem parameters and PSO parameters.
2. Initialize each particle's position and speed at random.

3. Calculate the goal function value, which is the voltage magnitude at the

chosen bus, by simulating the power flow for each particle in
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MATLAB. Set the best positions of the swarm and each particle as the
current positions.

4. For each particle, calculate the new velocity and update the particle's

position.
5. Check the velocity and position constraints.
6. Up until the number of iterations is reached, repeat Steps 3 through 5.
7. Place a PV system at the g best location in the system model.

8. Simulate the power flow and calculate the new voltage magnitudes at
each bus.

9. Evaluate the improvement in voltage magnitude at the selected bus.

10. If the improvement is satisfactory, stop the algorithm. Otherwise, go
back to Step 1 and adjust the PSO parameters as needed. As a figure
no.2
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Initialize the parameters of problem
(w,Cy and C;, )

v

Initialize particles with
Random position (X) and velocity (V)

Solve the target problem

Evaluate fitness function

Update pbest particle

Update Gbest particle

Update position and velocity
( Equations (2) and (3) )

Is the stopping

Condition satisfied ?

NO

G best and optimal solution

Figure 1. PSO Flow Chart
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CHAPTER FIVE

RESULTS AND DISCUSSION

5.1 Results
Table 1. Results Before and After PV
BusBar | Voltage Without PV Voltage with PV in
no. | And Without Voltage with PV Random optimum location PSO

Optimum Placement

PU kV~ PU kV~ PU K\/~
1 0.95693529 126 0.98588154 130.13 0.99793439 131.7
2 0.94692279 | 124 0.97626904 128.86 0.98791940 130.40
3 0.92260437 121 0.96300142 127.11 0.99512988 131.35
4 0.90260678 119 0.96290630 127.10 0.99503430 131.34
5 0.80346583 | 106 0.90228912 119.10 0.95503438 126.06

Table 2. Results of program for optimum location of after PV in IEEE 5-Bus System

Bus Bar Voltage Load Generation Injected

No. Mag. Degree MW Mvar MW Mvar Mvar

1 0.99 0.000 0.0 0.0 140 +40 0

2 0.97 -2.806 -20 -10 40 0.0 0

3 0.96 -4.997 -47 -15 0.0 0.0 0

4 0.96 -5.329 -40 -5 0.0 0.0 0

5 0.95 -6.150 -60 -30 21.40 6.0 21.4
Total 167 -60 2014 +46.0 214
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Table 3. PV location and voltage losses

Losses with PV

Losses after placing

Bus.Bar Losses before placing PV
No (kv) Random location PV (optimum location

(kv) PSO)

(kv)

1 6 1.8 0.3

2 8 3.1 1.6

3 11 4.8 0.65

4 13 4.9 0.66

5 26 12.9 5.94
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5.2 DISCUSSION

The results of a study that employed the Particle Swarm Optimization (PSO)
method to find the best location for a photovoltaic (PV) system in a distribution
system were presented in the results table no. 1. Finding the ideal site to install the
PV system in order to raise the system's voltage levels was the study's main goal.
The PSO algorithm was used to determine the voltage levels at each bus bar in the
distribution system before and after the PV was placed in the best possible location.
The table shows that the voltage levels in the distribution system were low prior to
the installation of the PV system.

were below the required level. The analysis's bus bar 5 results showed that
the voltage value was 0.80346583pu, which was the lowest. The voltage at each B.B.
significantly increased once the PSO algorithms connected the solar energy in the
proper spot. Before solar energy was installed, bus bar 5 had the lowest voltage. The
voltage level increased significantly as a result. after directing the sun energy in the
proper direction, to 0.95503438pu. the newspaper .It has been demonstrated that the
pso algorithm is effective at locating solar energy in the electrical grid. As a result,
personnel responsible for maintaining the electrical network use the findings to

optimize voltage and lower system losses.

Then, the table provided and the study behind it demonstrate the potential
benefits of using PSO algorithms to determine the optimal placement of PV systems
in distribution systems.
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Figure no.3 show the voltage value in every bus bars before and after

connecting PV, as a table no.1 mention a voltage of bus bar no.5 its very low before

connected PV in and find out its optimal placement see in blue color line in curve ,

after connected PV in bus bar no.5 the voltage level improving see in figure no.2 red

line.
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Figure 3.Simulation of IEEE5 Bus bars before PV connecting
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Figure 4.Simulation of IEEE5S Bus bars after PV connected
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Voltage (kV)

Figure no.4 show IEEE5BB for Kirkuk City distribution System before find
optimum place to PV connection and level of (voltage = 106 kV on Bus bar no.5)and
Figure no.5 simulation of IEEE5 Bus Bars of Kirkuk City Distribution System ,
show voltage level in every bus bars , after connected PV on Bus Bar no.5 the

voltage level improving (to~ 126kV on BB no.5) as a mention in table no.1 before

and after for voltage level.

I ithout PV
[ with PV
[ \With PV+(PSO)
_ _ _ System Level
132kV

3
Bus Number

Figure 5.Voltage Mag. In System with/without PV and with/without PSO

The (figure no. 6) show the level of voltage in IEEE5BB with numbers of bus
bars . the bars with blue color for voltage mag. In five bus bars in real system voltage
mag. Without PV and without PSO .Can see the level of voltage its lower than green
color and red color , the green color showing the voltage of all bus bars with PV
connected to bus bars randomly , finally the red color its level improving than other
by PSO show the bus bar no.5 its best location for connecting the PV to get best
results of improving of voltage level.
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Figure 7.Voltages Mag. With Bus bars no. with distance between all Bus bars

The (figure no. 7) show the level of voltage in IEEE5SBB with numbers of bus
bars . the bars with blue color for voltage mag. In five bus bars in real system voltage
mag. Without PV and without PSO .Can see the level of voltage its lower than green
color and red color , the green color showing the voltage of all bus bars with PV
connected to bus bars randomly , finally the red color its level improving than other
by PSO show the bus bar no.5 its best location for connecting the PV to get best
results of improving of voltage level. Also in this figure show the distance between
all bus bars also showing the bus bar no. 5 its very far from source so it’s one main
causes for voltage drop.
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CHAPTER SIX

CONCLUSIONS AND FUTURE WORK

6.1 Conclusions

In this work, three recently papers published, In conclusion, thesis has
highlighted the potential of using the Particle Swarm Optimization (PSO) algorithm
to optimize the placement of photovoltaic (PV) systems in distribution networks. By
focusing on the distribution network in Kirkuk city, where low voltage levels posed a
significant challenge, conducted a thorough load flow study and effectively used the

E-TAP program to simulate the network before and after integrating the PV system.

The research findings demonstrate that the PSO algorithm is a promising tool
for identifying optimal points for PV system installation, with the IEEE five bus bars
identified as the most effective location for connecting the 21400 kVA PV system.
The successful integration of the PV system resulted in a significant increase in
voltage levels, from 106 kV to 126 kV, and a decrease in losses in the distribution

network.
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6.2 Future work

The following advice can be used to improve the research described in this

1)

2)

3)

paper.
Its good to Investigate the effectiveness of alternative optimization
algorithms like Genetic Algorithm or Ant Colony Optimization.to
determine which method is most effective for optimizing location of

solar cell systems in distribution networks.

Explore the potential for integrating other renewable energy sources,
such as wind and hydropower also Biology applications, into
distribution networks to further reduce dependence on non-
renewable energy sources and support the development of more

sustainable and environmentally friendly energy source systems.

Can using advanced machine learning algorithms, such as deep
neural networks, to optimize placement and performance of PV
systems in distribution networks. These algorithms could lead to
even greater energy savings and reduced carbon emissions, and help

improve the accuracy and efficiency of the optimization process.
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