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DESIGN OF HYBRID SOLAR WIND SYSTEM FOR SUSTAINABLE
ENERGY STORAGE: A CASE STUDY RUTBACITY

SUMMARY

In today's world, generating power from renewable sources is an alternative. The
environment and human ecology are being severely impacted by power generating
using conventional energy. There is an abundance of renewable energy across the
cosmos. Clean, environmentally friendly, efficient, and dependable energy comes
from renewable sources. In the modern world, solar and wind power are becoming
increasingly important. The project's goal is to use Matlab/Simulink to create a grid-
connected hybrid power generation system that uses both solar and wind energy.

The available solar irradiance, sunshine hours, temperature, wind speed, wind
direction, and topography are taken into consideration when designing the model.
Using the data, a model that combines the energy from solar and wind resources can
be created. Over areas of Iraq, there is an average solar irradiation of 5.68 KW/m2/day
and a wind speed of 12.9 mph. Since Iraq is between the Tropic of Cancer and the
Equator, its average annual temperature is 28°C. Additionally, standalone PV and
wind models are simulated. Solar panels, (P&0O) MPPT, a boost converter, an inverter,
a wind turbine, and a PMSG generator are all components of the hybrid model and are
all connected to the grid. The PV model is simulated with various irradiance and
temperature conditions, and output is assessed. Simulated hybrid model results from
Matlab are examine.

The increasing demand for sustainable and renewable energy sources has led to the
exploration of hybrid systems that combine solar and wind power. This study focuses
on the design of a hybrid solar wind system for sustainable energy storage, using Rutba
City as a case study. The objective is to propose an optimal configuration that
maximizes energy generation and storage capacity while minimizing costs and
environmental impacts.

The research methodology involves a comprehensive analysis of the local climatic
conditions, solar radiation data, wind speed patterns, and energy consumption patterns
in Rutba City. The design process includes selecting appropriate solar panels, wind
turbines, batteries, and inverters based on their technical specifications and
compatibility with the hybrid system.

The sizing and optimization of the hybrid system are performed using mathematical
models and simulation tools. Different scenarios are considered, including variations
in solar and wind resources, energy demand, and system configurations. The
performance of the hybrid system is evaluated based on key parameters such as energy
generation, storage capacity, reliability, and cost-effectiveness.

The results indicate that the hybrid solar wind system offers significant advantages
over standalone solar or wind systems. By utilizing both solar and wind resources, the
system achieves a higher overall energy generation capacity and improved reliability,
as the availability of one resource compensates for the intermittent of the other. The
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energy storage component plays a crucial role in balancing energy supply and demand,
ensuring a continuous power supply during periods of low solar or wind availability.

Furthermore, the economic analysis reveals that the hybrid system presents a favorable
return on investment compared to standalone systems. The cost savings are achieved
through efficient utilization of resources and optimized system sizing. Additionally,
the environmental impact assessment demonstrates a substantial reduction in
greenhouse gas emissions and a decrease in reliance on fossil fuel-based power
generation.

This study contributes to the field of sustainable energy systems by providing insights
into the design and optimization of hybrid solar wind systems. The findings from the
Rutba City case study can serve as a valuable reference for similar regions with similar
climatic conditions. The proposed hybrid system offers a reliable, cost-effective, and
environmentally friendly solution for sustainable energy storage, promoting the
transition towards a greener energy future.

The paper begins with an overview of the current energy scenario in Rutba City and
the challenges associated with conventional energy sources. It emphasizes the
importance of transitioning to renewable energy for meeting the growing energy
demands sustainably. next, the researchers delve into the design and integration of a
hybrid solar-wind system. The system aims to harness both solar and wind energy to
ensure continuous power generation regardless of weather conditions. The paper
provides details about the sizing, installation, and configuration of solar panels, wind
turbines, and energy storage devices.

The researchers conducted a feasibility study to evaluate the economic viability and
environmental impact of the proposed system. They considered factors such as initial
setup costs, operational expenses, maintenance requirements, and potential energy
savings over the system’s lifespan. Moreover, the paper discusses the implementation
process and the technical challenges faced during the installation. It also highlights the
performance of the hybrid system under various weather conditions and how it copes
with the intermittent of solar and wind resources.

A crucial aspect of renewable energy systems is energy storage. The researchers
explore various energy storage technologies suitable for the hybrid solar-wind system.
Battery storage, pumped hydro storage, and compressed air energy storage are among
the options evaluated for their feasibility, cost-effectiveness, and environmental
impact.

The study also addresses the issue of grid integration. The researchers analyze the
compatibility of the hybrid system with the existing power grid infrastructure in Rutba
City. Strategies for managing grid stability, power quality, and grid-tie inverters are
explored to facilitate seamless energy injection into the grid.

Furthermore, the paper outlines the regulatory and policy frameworks governing
renewable energy adoption in Rutba City and the broader region. It highlights the
importance of supportive government policies, feed-in tariffs, and incentives to
encourage investments in renewable energy projects.

To assess the environmental impact of the proposed system, a comprehensive life cycle
assessment (LCA) is conducted. The LCA evaluates the system's greenhouse gas
emissions, energy payback time, and overall sustainability in comparison to
conventional energy sources.
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The research also considers the socio-economic impacts of implementing the hybrid
solar-wind system. Job creation, skill development, and potential socioeconomic
benefits for the local community are analyzed to understand the project's broader
implications.

In conclusion, the study showcases the successful integration of a hybrid solar-wind
system in Rutba City, demonstrating its potential as a sustainable energy solution for
other regions facing similar energy challenges. The research emphasizes the
importance of adopting renewable energy technologies to reduce greenhouse gas
emissions, combat climate change, and promote a greener future.
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_ SURDURULEBILIR ENERJI DEPOLAMASI ICIN HIBRIT GUNES
RUZGAR SISTEMININ TASARIMI: RUTBA SEHIRI ORNEK CALISMASI

OZET

Bugiiniin diinyasinda, yenilenebilir kaynaklardan gii¢ iretmek bir alternatiftir. Cevre
ve insan ekolojisi, geleneksel enerji kullanarak gii¢ liretimi tarafindan ciddi sekilde
etkilenmektedir. Kozmosun her tarafinda bol miktarda yenilenebilir enerji
bulunmaktadir. Temiz, cevre dostu, verimli ve giivenilir enerji, yenilenebilir
kaynaklardan gelir. Gliniimiiz diinyasinda, giines ve riizgar enerjisi giderek daha
onemli hale gelmektedir. Bu proje, hem giines hem de riizgar enerjisini kullanan bir
sebekeye bagli hibrit enerji iliretim sistemi olusturmak i¢in Matlab/Simulink
kullanmay1 amaglamaktadir.

Model tasariminda, mevcut giines 1sinimi, giines saatleri, sicaklik, riizgar hizi, riizgar
yonil ve topografya dikkate alinir. Veriler kullanilarak gilines ve riizgar kaynaklarindan
enerjiyi birlestiren bir model olusturulabilir. Irak'in bazi bolgelerinde ortalama gilines
isinim1 5.68 KW/m2/giin ve riizgar hizi 12.9 mil/saat olarak oOl¢tilmistiir. Irak,
Donencesel Tropik ve Ekvator arasinda bulundugu icin ortalama yillik sicaklig
28°C'dir. Ayrica, bagimsiz PV ve riizgar modelleri de simiile edilmistir. Giines
panelleri, (P&O) MPPT, yiikseltici doniistiiriicli, invertdr, riizgar tiirbini ve PMSG
jeneratorii, hibrit modelin bilesenleri olup hepsi sebekeye baglidir. PV modeli, ¢esitli
1sinim ve sicaklik kosullariyla simiile edilir ve ¢ikisi degerlendirilir. Matlab ile simiile
edilen hibrit modelin sonuglar1 incelenir.

Siirdiiriilebilir ve yenilenebilir enerji kaynaklarina olan artan talep, giines ve riizgar
enerjisini birlestiren hibrit sistemlerin aragtirilmasina yol agmistir. Bu ¢alisma, Rutba
Sehri'nde siirdiiriilebilir enerji depolama i¢in bir hibrit giines riizgar sistemi tasarimina
odaklanmaktadir. Amag, enerji liretimini ve depolama kapasitesini maksimize ederken
maliyetleri ve gevresel etkileri minimize eden en uygun yapilandirmay1 6nermektir.

Arastirma metodolojisi, Rutba Sehri'nin yerel iklim kosullarinin, glines 1simimi
verilerinin, riizgar hiz1 desenlerinin ve enerji tiikketimi desenlerinin kapsamli bir
analizini icermektedir. Tasarim siireci, teknik Ozelliklerine ve hibrit sisteme
uyumluluklarina dayanarak uygun giines panelleri, riizgar tiirbinleri, piller ve
invertorlerin se¢cimini igerir.

Hibrit sistemlerin boyutlandirilmas: ve optimize edilmesi matematiksel modeller ve
simiilasyon araglart kullanilarak gergeklestirilir. Farkli senaryolar, glines ve riizgar
kaynaklarindaki degisiklikler, enerji talebi ve sistem yapilandirmalar1 géz oniinde
bulundurulur. Hibrit sistemin performansi, enerji lretimi, depolama kapasitesi,
giivenilirlik ve maliyet-etkinlik gibi temel parametrelere dayanarak degerlendirilir.

Sonuglar, hibrit giines riizgar sisteminin tek basina giines veya rlizgar sistemlerine
kiyasla 6nemli avantajlar sundugunu gostermektedir. Hem gilines hem de riizgar
kaynaklarin1 kullanarak sistem, daha yiiksek toplam enerji iiretim kapasitesine ve
gelistirilmis glivenilirlige ulasir, ¢iinkii bir kaynagin aralikli oldugu durumlarda digeri
bulunabilirligini karsilar. Enerji depolama bileseni, enerji arzi ve talebini dengelemede
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onemli bir rol oynar, bdylece diisiik glines veya riizgar bulunabilirligi donemlerinde
stirekli bir gii¢ saglanir.

Ayrica, ekonomik analiz, hibrit sistemin tek basina sistemlere kiyasla olumlu bir
yatirim getirisi sundugunu goéstermektedir. Maliyet tasarrufu, kaynaklarin verimli
kullanim1 ve optimize edilmis sistem boyutlandirmasiyla elde edilir. Ek olarak,
cevresel etki degerlendirmesi, sera gazi emisyonlarinda 6nemli bir azalma ve fosil
yakit temelli gii¢ liretimine olan bagimliligin azalmasini géstermektedir.

Bu ¢aligsma, hibrit giines riizgar sistemlerinin tasarimi ve optimize edilmesine iliskin
gorisler sunarak siirdiiriilebilir enerji sistemleri alanina katkida bulunmaktadir. Rutba
Sehri 6rnegiyle elde edilen bulgular, benzer iklim kosullarina sahip diger bolgeler igin
degerli bir referans olabilir. Onerilen hibrit sistem, siirdiiriilebilir enerji depolama i¢in
giivenilir, maliyet-etkin ve c¢evre dostu bir ¢oziim sunarak daha yesil bir enerji
gelecegine yonelik gecisi tesvik eder.

Makale, Rutba Sehri'ndeki mevcut enerji durumunun genel bir agiklamasiyla baglar ve
geleneksel enerji kaynaklariyla iligkili zorluklara vurgu yapar. Biiyiiyen enerji talebini
stirdiiriilebilir bir sekilde karsilamak i¢in yenilenebilir enerjiye ge¢isin dnemine vurgu
yapar. Ardindan, arastirmacilar hibrit glines riizgar sisteminin tasarimina ve
entegrasyonuna derinlemesine girer. Sistem, hava kosullarindan bagimsiz olarak
siirekli giic iiretmeyi saglamak amaciyla hem glines hem de riizgar enerjisini
kullanmay1 hedefler. Makale, giines panelleri, riizgar tiirbinleri ve enerji depolama
cihazlarmin boyutlandirilmasi, kurulumu ve yapilandirmasi hakkinda detaylar saglar.

Arastirmacilar, Onerilen sistemin ekonomik saglamligini ve ¢evresel etkisini
degerlendirmek icin bir fizibilite ¢calismas1 yaparlar. Sistem kurulumu maliyeti, isletme
giderleri, bakim gereksinimleri ve sistemin 6mrii boyunca potansiyel enerji tasarruflar
gibi faktorler g6z 6niinde bulundurulur. Ayrica, makale, kurulum sirasinda karsilagilan
teknik zorluklar1 vurgular. Ayrica, hibrit sistemin farkli hava kosullarinda performansi
ve giines ile riizgar kaynaklarinin aralikli oldugu durumlarla nasil basa ¢iktigina dair
bilgiler sunar.Yenilenebilir enerji sistemlerinin 6nemli bir yonii enerji depolamadir.
Aragtirmacilar, hibrit giines riizgar sistemi i¢in uygun cesitli enerji depolama
teknolojilerini arastirir. Pil depolama, su pompali hidro depolama ve sikistirilmis hava
enerjisi depolama, uygulanabilirlikleri, maliyet-etkinlikleri ve ¢evresel etkileri
acisindan degerlendirilen segenekler arasindadir. Calisma ayrica sebeke entegrasyonu
konusuna da deginir. Arastirmacilar, hibrit sistemin, Rutba Sehri'ndeki mevcut giic
sebekesi altyapisiyla uyumlulugunu analiz ederler. Sebeke kararliligin1 yonetmek, gii¢
kalitesini saglamak ve sebekeye bagli invertorleri kullanarak enerji enjeksiyonunu
kolaylastirmak i¢in stratejiler incelenir. Ayrica, makale, Rutba Sehri ve daha genis bir
bolgede yenilenebilir enerji benimsemesini diizenleyen yasal ve politika ¢ergevelerini
de agiklar. Hiikiimet politikalarinin, besleme tarifelerinin ve tesviklerin yenilenebilir
enerji projelerine yatirim yapmayi tesvik etmek ac¢isindan 6nemini vurgular.

Onerilen sistemin cevresel etkisini degerlendirmek igin kapsamli bir yasam déngiisii
degerlendirmesi (LCA) yapilir. LCA, sistemdeki sera gazi emisyonlarini, enerji geri
O0deme siiresini ve genel siirdiiriilebilirligi geleneksel enerji kaynaklariyla
karsilastirarak degerlendirir. Arastirma ayrica hibrit giines riizgar sisteminin sosyo-
ekonomik etkilerini ele alir. Is yaratma, beceri gelistirme ve yerel toplum igin
potansiyel sosyo-ekonomik faydalari analiz ederek projein genislemis etkilerini
anlamak i¢in calisir. Sonug olarak, calisma, Rutba Sehri'nde hibrit gilines riizgar
sisteminin basarili entegrasyonunu sergileyerek benzer enerji zorluklariyla karsi
karsiya olan diger bolgeler i¢in siirdiiriilebilir bir enerji ¢oziimii olarak potansiyelini
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gostermektedir. Arastirma, sera gazi emisyonlarini azaltma, iklim degisikligiyle
miicadele etme ve daha yesil bir gelecegi tesvik etme konusundaki Onemi
vurgulamaktadir.
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1. INTRODUCTION

The ability to acquire energy is a key factor in any country's ability to grow. It is
essential to the growth and economics of the country. For us, the main energy-
producing sources are coal, oil, and natural gas. It is well known that energy is needed
for industrial, agricultural, commercial, and domestic applications. The world's
demand for energy is growing every day. There are numerous ways to produce energy
from coal, fossil fuels, oil, and other gases. [3]. However, there are limitations on how
and when each of these sources may be used because they are all harmful to the
environment. Because of environmental pollution and global warming, we require
clean energy sources. Eco-green energy, or the production of energy without harming
the environment, is the key focus in today's globe. Then, we can select from a variety
of renewable energy sources, such as solar, wind, small hydro, biomass, and biofuel.
The use of renewable energy to meet energy demand has a lot of promise. However,
employing these energy sources has some serious downsides, and numerous
experiments are being done to improve their efficiency. Systems for preventing global
warming and carbon emissions should be implemented since protecting natural
resources should be the top priority. The country will save money by transitioning to
renewable sources rather than coal or other fossil fuels to produce electricity. Using
this renewable resource to generate power is expected to reduce CO2 emissions [9].
As was already said, there are a variety of renewable energy sources, but wind and
solar energy are the most prevalent. When we talk about renewable energy sources,
the first things that come to mind are wind and sun because they are well-known energy
sources and are everywhere. Single sources of energy like wind and PV are not totally
reliable due to climate change, nighttime sunshine, the rainy season, and changes in
wind speed [1]. Before deciding whether or not it is suitable for use in a solar
application, it must first establish the amount of solar radiation that is accessible in a
country. As a result, "insolation" refers to the quantity of solar radiation energy that is
received on a certain region of the surface over a particular period of time [2].
Irradiance is often measured in terms of (W/m?) or (kWh/(m?-day)) or (hours/day).
According to Figure



1.1, Iraq is one of the nations in this area with the highest levels of solar radiation,
indicating that it is an appropriate location for implementing solar technologies.
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Figure 1.1. Solar irradiation map [3].
1.1. Hybrid Wind-Solar Power System

Solar energy and wind energy have been integrated in this system in order to generate
power from both of the aforementioned sources. Hybrid systems provide a number of
benefits over systems that simply use a single source of energy in their operation.
Academics have a highly challenging task when tasked with optimising the system's
total energy output while simultaneously minimising both expenses and reliability [8].
Photovoltaic panels, a charge controller, and battery storage are the elements that make
up the components of a conventional wind-solar hybrid power system. The Kinetic
energy of the wind is captured by wind turbines and transformed into mechanical
energy, which can later be transformed into electrical energy. Regardless of the kind
of electrical energy that was being produced, it is unreliable and inconsistent. Inverters
are regulating devices that are required in multiples so that the flow of energy may be
made continuous and stored in a battery. This energy is put to use in a wide variety of
domestic activities. A photovoltaic array is a collection of solar panels that may either
be linked in series or in parallel to generate electrical energy from the sun's kinetic
energy. The controller pulls this DC energy from the battery, depending on the load's
requirements, and uses it to power either DC or AC takimata sanctus est Lorem ipsum

dolor sit amet, consetetur sadipscing elitr, sed loads. This system has a number of



advantages, such as a high daily power producing capacity, low manufacturing costs,
low maintenance needs, and others [13].

1.1.1. Requirements of wind-solar hybrid power system

Mathematical and modeling computations are required to create this system and
examine performance. In the literature, several hybrid system models have been
discussed. The elements from the review of the literature were just as follows:

e Meteorological information: An analysis of the site's meteorology is necessary
for the optimisation process. For maximising the utilisation of solar and wind
energy, it is essential. The main input for the hybrid system is data on the
measurement of the solar and wind resources. that all data must be collected

hourly, daily, and in response to environmental changes.

e Load Demand : This system component has to be designed and examined.
Making a decision about how to calculate the precise load demand is difficult
and difficult. Systems must be designed for near to or greater than the load
demand since seasonal load variations are unpredictable and must be taken into

account.

e System Configurations: The right equipment selection must be decided after
careful consideration of all relevant data, including wind speed, load demand,
and sun radiation. However, system sizing would depend on the surrounding
circumstances. Since the area that has been chosen will determine how much
electricity is produced by solar and wind.Secondary purpose of the thesis

(Third level title: Only first letter capital)

1.2. Problem Statement

One noteworthy aspect of the situation in Iraq is the growing need for electrical energy
[4]. Most of this energy is required for the electrical machinery and appliances used in
homes and factories and for electric propulsion [5]. Due to Irag's large population, the
country's need for power continues to rise. The significance of ore sit et dolore magna.
Stet clita kasd gub rgren, no sea takimata sanctus est. having access to electricity in
Irag's day-to-day living has reached the point where it is necessary to take precautions

against damage to the power grid in the event of faults and to guarantee the greatest



possible level of uninterrupted power supply [6]. The power infrastructure in lIraq is
struggling with several issues, leading to an inadequate amount of energy being
generated. The issues include a low output of energy compared to the actual demand,
a dysfunctional power infrastructure, an absence of natural resources necessary for the

creation of electricity, and other similar issues.

Solar and wind energy have often been employed independently to create electricity,
however both have some losses. These systems were impacted by climate change in
the same way that our environment is altered daily. Solar radiation and wind speed
variations influence the system's functionality. Any installation costs that would have
been necessary for a single system would have been somewhat reduced with this
combined hybrid system.

In contrast to using a single system, combining these two will help each other
overcome losses. similar to how power is produced by a solar PV system and used by
a wind turbine system during daylight hours. The solar system will act as a backup to
generate electricity when wind conditions are insufficient to do so. Many scientists
have used different combinations to make the hybrid wind-solar system more reliable
and comfortable. They utilised hybrid diesel/PV, wind/diesel, and diesel/wind/PV
systems to combine wind and solar energy with other sources [12].

1.3. Objectives of The Thesis

Designing and evaluating the performance of a wind-solar hybrids system for power
production at a selected site in Rutba City is the major goal of the thesis. Specific
Goals:

1. Conduct an in-depth analysis of the energy market in Rutba City, including its
current energy sources, consumption patterns, and demand projections. This
will involve reviewing existing literature and data sources, as well as
conducting interviews with key stakeholders such as energy companies,

regulators, and consumers.

2. ldentify and discuss the major issues facing the energy sector in Rutba City,
including environmental concerns, energy security, and affordability. This will
involve synthesizing information from various sources, analyzing trends and

patterns, and considering the perspectives of different stakeholders.



Evaluate the wind and solar potential in various areas of Rutba City, using a
range of data sources and methods. This will include analyzing meteorological
data, conducting site visits and surveys, and using geographic information

systems (GIS) to map the wind and solar resources.

Design a hybrid wind-solar system for a suitable site in Rutba City, based on
the results of the previous objectives. This will involve selecting appropriate
equipment and technologies, optimizing the system design, and ensuring

compatibility with existing infrastructure and regulatory frameworks.

Conduct an economic analysis of the wind-solar hybrid power production
system, to evaluate its financial viability and potential impact on the energy
market in Rutba City. This will involve estimating the costs and benefits of the
system over its lifespan, considering factors such as capital and operating costs,

revenue streams, and environmental and social externalities.

Develop recommendations for policymakers, energy companies, and other
stakeholders based on the findings of the thesis, to promote the adoption of
renewable energy sources and support the transition to a sustainable and

resilient energy system in Rutba City.

1.4. Thesis's General Structure

This thesis is divided into five chapters:

Chapter 1 broad summary of the thesis "Design Of Hybrid Solar Wind System
For Sustainable Energy Storage: A Case Study Rutba City." The rationale,

issue description, and study objectives are also mentioned.

The introduction to solar energy industry and its difficulties are covered in

Chapter 2 of the literature review.

Chapter 3 presents estimates of the wind and solar resources in Rutba City as
well as some fundamental background theory on these energy sources. covers

the specifics of the wind-solar hybrid power production system's design.

Chapter 4 analyzes data on available solar and wind resources in localized

areas.



e Eventually, Chapter 5 summarizes the findings of the thesis, draws inferences,

and offers suggestions.



2. BACKGROUND OF RENWABLE ENERGY
2.1. Background

Energy is used in endless and laborious ways throughout the entire earth. The amount
of energy utilized is rising along with the pace at which different development
activities are taking place throughout the globe. As a consequence, traditional energy
supplies are quickly running out, and even hydrel reserves are proving unable to meet
the rising energy demand. As a consequence, customers everywhere must bear the
weight of rising power outages and energy prices. Therefore, electricity independence
Is quickly turning into a crucial demand for the future. As a result, the design concept
develops a system that offers internally produced energy for households and also

incorporates a sub system within the home to remove reliance on the power board.

The current chapter will describe the solar energy as well as the wind energy in details
along with the hybrid of system requirement.

2.2. The Energy of Resource

The primary of energy source that sustains all living activities on Earth, including plant
photosynthesis, the Earth's temperature comfort, the entire biogeochemical process,
seems to be the sun. When the electromagnetic radiation from the sun reaches the
earth's surface, it would be transformed into different forms of energy and utilized for

a variety of things [7].

Photoelectricity production and thermal conversion are the two main applications of
solar energy for humans. These applications represent an important development in
the effort to end the world's energy dilemma. Given that the global energy demand is
predicted to be between 25 and 30 TW in 2050, it is obvious that only solar energy
will be able to satisfy the need and eliminate the need for fossil fuels. As an example,
it was found that approximately TW of the 1.76x1015 TW of raw solar energy hitting
the Earth could be converted into electricity affordably [8].



Figure 2.1. Solar panel field.

2.2.1. Thermal conversion

The processes used to convert solar energy into heat rely on the black body surface's
ability to absorb radiant energy. Depending on the kind of absorbent material, this
might be a difficult task. Includes electron acceleration, diffusion photon absorption,
and many collisions, but the end result was heating, or the conversion of all radiant
energy into heating that is symbolized by the rise in temperature. For instance, solar
energy may be collected using collector to create heat that can either be consumed
directly or transformed to power using thermomechanical operations like a steam

power plant cycle [9].

2.2.2. Photoelectric conversion

Once light that has a specific frequency shines on a transparent metallic surface, this
basic photoelectric conversion involves the departure of electron (electrical current)
from that surface [10].

2.2.3. The photovoltaic system

A PV system, which consists of all the necessary hardware to convert solar photons
directly into energy (AC), is made up of solar panels, charge/discharge regulators,
storage, and inverters (where necessary to convert direct currents (DC) to alternate
current) [11]. Sometimes storage is not required, based on the goal (for example,

connection to the grid). Solar cells are a PV system's most important component. The



photoelectric effect, which is the process by which some materials produce electricity
when exposed to light, is the basis for this element's ability to convert solar energy into

electricity.

The silicon solar cell (SC) was first discovered by French physicist Edmond Becquerel
in 1839. The Becquerel tests demonstrated that when subjected to light, certain
substances generate a little quantity of electricity. This phenomenon was first
investigated in metals like silicon, whose performance was around 2 percent. The study
continued, and in 1954 Chapin, Fuller, and Pearson announced the development of a
Si solar cells with an effectiveness of roughly 6 percent [12]. In terms of usage, the
SCs were initially employed in 1958 to recharge the batteries of the America Satellite
(U.S. Vanguard) [9,13].

The SCs have been originally mainly utilized for space, military, and academic
research owing to their exorbitant cost. Nevertheless, interest in creating SCs for
civilian use arose leades to the energy crisis that started in the 1970s [8].

2.2.4. Solar cell architecture

Various semiconductor substances, including cadmium telluride (CdTe), gallium
arsenide (GaAs), indium phosphide (InP), germanium (Ge), silicon (Si) and others
could be used to make SCs, nonetheless, some of these resources,like Si is most
frequently utilised in commercial applications because Si and Ge are more abundant
on Earth and less expensive when compared to InP and GaAs[14]. Due to the Ge's

decreased efficiency, as illustrated in figure 2.1 below, it is rarely often employed.

Solar cell efficiency (%)

0.5 ] 1.0 ] 1.5 . 2.0 ] 2.5
Semiconductor bandgap (eV)

Figure 2.2. Efficacy potential of some semiconductor substances [14].
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2.2.5. Operations of silicon cells

The SC seems to be a junction of two different semiconductor material kinds, namely
the n and p kinds. Once they are combined, open holes from the p-kind substance travel
to the n-kind substance and vice versa, mimicking the passage of electrical charges

and resulting in the so-called diffusion current (JD) [8].

2.3. Photovoltaic Principles

The photo-voltaic impact may be seen in nature in a number of materials, although as
mentioned above, semiconductors exhibit the optimum performance in sunshine. It
need an electrical field to encourage free electrons with greater energies than those
first formed once photons from the sunlight were captured in a semiconductor to flow
through the semiconductor and do meaningful work. The electrical fields for most

solar cells is created by a substances junction with various electrical characteristics.
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Figure 2.3. Voltaic effect process [16].
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LIGHT TO ELECTRICITY CONVERSION:
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Figure 2.4. Converting the light to electricity [17].
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Figure 2.5. Silicon Voltaic cell [18].
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Three steps are necessary for photons interactions in a semiconductor to produce an

usable output power.

« The photon must be captured in the substance's active region in order to excite

electrons to a greater energy potential.

» It is necessary to physically separate and transfer the hole - electron charge
carriers produced by the absorbing to the cell's edge.

» Before the charging carriers lose their additional potential, they should be taken

out of the cell and given to the usable load.
A solar cell is made up of:

» A semiconductor in which hole - electron pairs were formed by the capture of

incoming solar energy.
« Addrift field-containing region for charge separation.
» Front and rear electrodes for charge collection.

P-n junctions in semiconductors are excellent candidates for explanations of the
photovoltaic phenomenon. There seem to be no free electrons at absolute zero in an
Table captions should be written using a line spacing with before 12 pt and after 6 pt,
inherent semiconductor like silicon because every single four valence electrons of the
substance atom is bound by a chemical bond. A portion of such a substance would
have an excess of electrons within this side and turn into an n-kind semi-conductor if
it is doped with a five valence electron substance, like arsenic or phosphorus, on one
side. In the semiconductor lattice, the extra electrons would have had nearly
unrestricted movement. An electron shortage would result in a p-kind semiconductor
when a material with three valence electrons, like boron, dopes the opposite side of the
same piece. The excess of holes in the lattice that are open to movement is how this
insufficiency is reflected. The term "p-n junction” refers to a semiconductor
component having one side of the p-kind and the other of the n-kind. In order to make
up for their respective deficits, the free electrons of the n-side of this junction will tend
to flow to the p-side and the holes of the p-side will prefer to flow to the n-region. An
electrical field would be created by this diffusion from the n-area to the p-area. As the
total of the diffusion possibilities for holes and electrons, V, approaches, this field will

grow until it achieves equilibrium.
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Charge carriers cannot flow across a junction that forms inside an electric potential
because of the electric field that has built up there. Nevertheless, after being stimulated
by an external source, it is crucial to guide the charge carriers once they enter the

depletion region (for example, thermal or sunlight excitation).

Two key findings from the theory of light indicate that photons are a collective unit in
addition to electromagnetic waves. Therefore, depending on the energy of those
photons relative to the semiconductor bandgap energy, various events, including the
formation and recombination of electron-hole pairs, may occur as soon as they enter

the p-n junction (Eg).

The photon could jump into the conduction bands after attempting to transfer its energy
to the electrons if its energy appears to be equal to or greater than Eg when it enters
the p-n junction. The electrons might then be led to an n-kind substance and the hole

to a p-kind substance thanks to the electrical dipole in the depletion area [19].
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Figure 2.6. Graph of a Si solar cells, under illumination [20].
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Two models—the first coupled to a single diode model and the second to a two diode
model—can be used to examine how the SC operates. However, we are changing the
single diode model because the second involves more work and is only required to

fully understand the behaviour of SCs during the following phases [21].
2.3.1. Advantages of solar energy

2.3.1.1. Renewable energy source

One of the most significant advantages of solar power was the fact that it used a source
of energy that was entirely sustainable. This may be used at any time and from any
location in the world, since it is accessible around the clock. In contrast to other
potential sources of energy, solar energy can never be depleted. According to the
findings of scientists, SE would remain accessible throughout the whole of the sun's
existence; hence, After the sun's destruction, humans would still have access to it for

at least 5 billion years.

2.3.1.2. Decreases the bills of electricity

Since the solar system would be capable of generating enough power to satisfy a part
of the building's energy requirements, the monthly costs for the building's energy
consumption would decrease. The size of the solar system and the amount of power or
heating that it consumes were factors that determined the percentage of money that
was saved on the bill. If users operate a company that uses commercial solar cells, for
instance, making the transition might save a significant amount of money since the big
size of the system may cover a significant portion of the company's energy expenses.
In addition to having the potential to reduce the amount spend on the monthly power
bill, there is also the possibility that you might be eligible for compensation via the
Smarter Exporter Guaranteed programme for any surplus energy that was sent back to
the grid (SEG). When the amount of energy produced exceeds the amount of energy

used, there is a surplus (considering that SP system is connected to the grid).

2.3.1.3. Diverse applications

SE may be used in a diverse selection of contexts. Photovoltaics have the potential to
be exploited in the generation of both power and heat (solar thermal). SE might be

used to power spacecraft, distil water in locations with a dearth of clean water, and
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create electricity in places without access to the grid. It is possible that SE will be
utilised in the building supplies. Sharp has recently started producing transparent SE

windows.

Figure 2.7. Solar energy.

2.3.1.4. Low maintenance costs

In general, there is not a lot of maintenance is required for SE systems. Simply keeping
them clean consistently is all required, so washing them a few times per year should
be plenty. Even while it is unlikely, it might still depend on professional cleaning
services, the hourly rate for which ranges between $25 and $35. The warranties offered
by the vast majority of reputable SP manufacturers range from 20 to 25 years. It would
seem that there is no wear and tear since there are no mechanical mechanisms present.
Because it is responsible for converting solar energy into usable forms of electricity
and heat, the inverter is often the sole component that requires replacement every 5—
10 years (thermal solar against PV solar). In addition to the inverter, the cables in the
solar power system need to be maintained so that they may function at their highest
efficiency. As a consequence of this, after it has paid for the solar system, it may
anticipate spending a relatively small amount on repairs and upkeep.

2.3.1.5. Developments in technology

The technologies in the solar powers business has always improved, and this tendency
would continue for the foreseeable future. Quantum physics and nanomaterials
breakthroughs have the ability to increase solar cell efficacy and quadruple, if not
triple, SE system electrical input .
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2.3.2. Disadvantages of solar energy

2.3.2.1. Cost

At first glance, it may seem that acquiring a solar power system would need significant
financial investment. This cost takes into account the installation of solar electricity as
well as inverters, batteries, and wiring. On the other hand, given that advancements in
solar technology are always being made, it is realistic to anticipate that costs will

continue to fall in the years to come.

2.3.2.2. Depending on weathers

Even though SE may potentially be gathered even on cloudy and wet days, the
efficiency of the solar system would be reduced. It is necessary to expose SPs to
sunshine in order to get SE. Because of this, even a short stretch of overcast and rainy
weather might have a significant impact on the energy system. It is also important to
keep in mind that SE could not be gathered during the nighttime hours. On the other
hand, thermodynamics panels seem to be a workable alternative if the heating water

systems are needed to run throughout the night or throughout the winter.

2.3.2.3. Se storage is expensive

Energy from the sun could be utilized right once or stored in large batteries. Solar
batteries, which are utilized in off-grid solar powers systems, might well be charged
during the day and then utilized at night. This is a great way to use SE during the day,
but it's also quite expensive. In most cases, utilizing energy from the sun during the
day and drawing electricity from the grid at night is more cost effective (that can just
do this once your system is connected to the grid). Luckily, the energy needs seem to

be higher during the day, therefore SE might provide the bulk of them.
2.3.3. Factors that influence the operation of a solar module

The performance of solar cells may be impacted by five main aspects, specifically:

1. The cell substance: Various lighting conversion efficiencies of solar cells can
be attained based on the material and manufacturing process employed. For
example, the efficiency of amorphous silicon ranges from 5 to 7 percent, that

of polycrystalline silicon does not exceed 12 percent, and that of
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monocrystalline silicon is greater than 12 percent but does not exceed 18
percent [22,23].

2. The output current was proportional to the solar radiation; when light intensity
rises, the output current rises as well, but the voltage would not significantly

change at the I-V curve above [21].

3. The impact of heat on module output: As a module's temp rises, its output
voltage is impacted. The voltage drastically drops down as the temp rises, while
the current hardly changes. Depending on Haberlin, [21], the formula equation

below may be used to describe how a solar module's operating temp changes:

Ty — T, = (NNNT — 20) % (2.1)
Whereas G seems to be the solar irradiation [W/m2], Tc and Ta have become
the cell's and the environment's respective temps, "NOCT" is the term for the
standard operational cell temp, which for a standard module varies between
44 and 54 degree centigrade under the following circumstances at open
circuit: Solar radiation GNOCT=800W/m2, temperature Ta=200 C, air mass
1.5, and wind speed 1 m/s.

4. The module output's shading impact: A module or portion of a module (cell)
that is shaded may only partly or not at all generate electricity. If this occurs,
it may also result in hot spots heating. Nevertheless, inserting bypass diodes

might lessen the impact of this phenomenon [24].

2.3.4. Solar panel orientation angles

The best location for placing a solar panel depends on the site's latitude; on the north
side of the equator, where the sun is often in the south, the panel should be pointed
south; and on the south side, where it should be pointed north. The solar altitude angle
(y) differs from 0-900 and the greatest capturing of solar radiation on a panel takes
place once the remarkable angle is 900. Considering these factors, tilting the panel
toward this Sun, — in other words at an angle 3 comparative to the horizontal plane,
could indeed enhance energy yield. Typically, for fixed panels, this angle ought to be

equivalent to the site latitude plus 100 degrees (Figure 2.7) [24].
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Figure 2.8. The geometry of installation of solar panel [25].

2.3.5. Solar panel circuit connections

Based on the requires, the solar PV panels may be linked either in in series or parallel.
When two devices are connected in series, the voltage rises but the current stays the
same, however when they are connected in parallel, the voltage stays the same but the
current rises [26]. However, as seen in figure 2.8, these linkages may be integrated into

a single series-parallel circuit.

Series, Parallel & Series-Parallel Connection of PV Panels

PV PANELS IN SERIES-PARALLEL

Figure 2.9. PV Panels connections type [27].
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2.3.6. The effect of weathers on solar energy

The quantity of powers produced by a solar system is affected by weathering
conditions, although not in the manner may imagine. Of course, the ideal
circumstances for creating SE involve a bright sunny day. Solar Panels, like most
electronics, seem to be more efficient in cold weathers than in hot weathers. The panel
may generate more powers in the same period of time as a result of this. The panel

creates less voltage and generates less powers as the temp increases [28].

Solar Panels seem to be more efficient in cold weathers, however they don't always
generate more powers in the winter than they do in the summer. During the summers,
the weathers are usually brighter. Aside from less clouds, the sun is generally out for
a longer period of time. Therefore, even if your panels are less efficient in hot weathers,

they will almost certainly generate more powers in the summer than in the winter.

2.4. The Wind Energy Resource

Air in motion causes wind. An increase in pressure causes the movement of air.
Convective circulation is one of the main global forcing mechanisms driving surface
winds from the poles toward the equator. The air near the equator is heated by solar
radiation, and this low density heated air is hoisted aloft. Cooler, denser, higher-
pressure air traveling from the poles displaces it at the surface. As a result, air tends to
flow away from the equator and back toward the poles in the upper atmosphere close
to the equator. Overall, the northern hemisphere has a worldwide convective
circulation with surface wins from north to south. The frictional effects of the boundary
layer between the flowing air and the uneven surface of the ground add another degree
of complexity. The movement of air along stream lines is impeded by mountains, trees,
structures, and other impediments. As altitude increases close to the surface,
turbulence develops and the wind velocity in a horizontal direction sharply increases.
Two processes are responsible for local winds. The differential heat of land and water
is the first. Daytime solar radiation is easily converted to useful energy by the land
surface, but it is also partially absorbed in layers under the water's surface and partially
consumed by water evaporation. The air over the land warms up and becomes warmer
than the air above the sea as a result of the land mass being hotter than the water. The
colder, heavier air over the ocean replaces the warmer, lighter air above the land as it

rises. This is how shore winds operate. Because the land mass cools to the sky more
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quickly than the ocean, if there is a sky, the direction of the winds at night is reversed.
Hills and mountain sides are the primary source of the second mechanism of local
winds. More quickly than the air over low lands, the air above slopes warms up
throughout the day and cools down at night. Due to this, hot air rises up the slopes
during the day and comparatively chilly, heavy air descends at night. Wind energy is
easily turned into electrical energy by coupling a wind turbine to an electric generator,
which creates rotating motion. The term "aero generator" is sometimes used to describe
the generator and wind turbine combo. The comparatively slow speed of the wind rotor
must typically be matched to the faster speed of an electric generator using a step-up

transmission.

In the late 1950s and early 1960s, interest in windmills began to grow in India. Other
than bringing in a few from outside, fresh designs were also created, however they
were not maintained. Development work has just recently started to take place at
several institutions. The fact that wind is very weak and varies significantly with the
seasons in India must be a significant factor in the lack of interest in wind energy.
According to data cited by various experts, the wind speed in India ranges from 5 to
15-20 km/h. These weak, cyclical winds indicate a significant expense of wind energy
extraction. A unit of energy derived from a windmill would be least multiple times
greater than energy develop the required from electricity distribution divisions at the
standard rates, assuming such electrical energy would be even remotely accessible at
the windmill site, according to estimations depending on the performance of a classic
windmill. For a number of reasons, the aforementioned justification may not entirely
apply in rural locations. Because of the high cost of generating and delivery to sparsely
populated small consumers, first electric power does not seem to be and will not be
accessible in many of these regions. Second, with the right design, it may be possible
to lower the price of the windmills. Last but not least, on modest scales, the total
upfront cost for meeting a perceived demand and minimal maintenance expenses
matter more than the energy unit cost. The last argument is clearly shown by the fact
that dry cells are widely used in both urban and rural regions despite supplying
electricity at an absurdly high cost of roughly Rs. 300 per kwh. Additional alternative
for pumping and producing electricity is provided by wind energy. India ranks among
the most promising nations for using this source, with a potential for power production

of about 20,000 MW. In many regions of our nation, particularly those close to the
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coastlines, the price of energy production from wind farms now has fallen below that
of diesel power and is equivalent to that of thermal power. In various regions of the
nation, wind power projects totaling 8 MW in capacity were built, including 7 wind
farms with a combined capacity of 6.85 MW, of which DNES completed 3 MW in
1989. Over 150 lakes unit of electricity have already been sent to the corresponding
state networks by wind farms, which are now running satisfactorily. More than 25 MW
of new wind power capacity is now being implemented. Up to February 1989, 271
wind pumps were erected as part of the demonstration program. 60 tiny wind battery
charges with capacities ranging from 300 watts to 4 kW are now being installed.
Similar to standalone wind power generators, which range in size from 10 to 25 kW.

2.4.1. Types of wind turbines

Wind turbines may be divided into two categories: those with horizontal axes and those
with vertical axes. The significant proportion of wind generators have only a horizontal
axis, consisting of a propeller-like structure with rotating blades. The wind strikes the
blades of horizontal axis turbines either upwind or downwind (before the tower) (the
winds hits the tower firstly and then the blades). A yaw drive and motors are also a
part of upwind turbines; they turn the nacelle to maintain the rotor towards the winds
once the wind changes direction.

Although there are a number of producers of vertical-axis wind turbines, their market
penetration is not as great as that of horizontal access turbines in the utility size market

(100 kW and bigger). There are two basic designs for vertical axis turbines:

« Savonius or drag-based turbines typically feature solid-vaned rotors that

revolve along a vertical axis.

» Lift-based turbines, also known as Darrieus turbines, feature tall, vertical
airfoils (some appear to have an eggbeater shape). An experimental lift-based
turbine called the Windspire has been tested impartially at the Renewable
Energy Lab.
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Figure 2.10. Wind turbine kinds.

2.4.2. Wind turbine applications

Wind turbines have a variety of uses, from catching offshore winds sources to

generating electricity for a single home:

« Large wind turbines that utilities most typically use to power a grid, have power
outputs that vary from 100 kilowatts to many megawatts. These utility-scale
turbines are frequently grouped together in wind farms to produce substantial

amounts of electricity.

« Upto 100 kilowatts of electricity generated by tiny wind turbines are frequently
utilized locally, such as next to residences, communication towers, or water
pumping stations. Wind farms, which might also consist of a few or hundreds
of turbines, might power tens of thousands of homes. Sometimes, small

turbines might well be connected to diesel engines, solar panels, and batteries.

» Many countries use offshore wind turbines to harness the power of reliable,

powerful winds that blow along coastlines.
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» These systems, sometimes known as hybrid wind systems, have often been
employed in remote, off-grid locations without access to a utility grid. Wind
resources over U.S. coastal oceans may provide more than 4,000 gigawatts of
electricity, or about four times the producing capacity of the current electrical
power grid. Even if not all of these resources would be used, there is a good
likelihood that coastal areas might be supplied with power. In order to take
advantage of America’'s abundant offshore wind resources, the Department is
supporting three offshore wind demonstration projects with the aim of

establishing offshore winds systems in federal and state waters by 2017.

2.5. The Main Parts of a Wind Turbine

A wind turbine is made up of a total of ten different components, including five major
parts and five secondary parts. The basic components are the foundation, the tower,
the nacelle, the generator, and the rotors and hubs, each of which has three blades.
Throughout this installation process, each of these elements calls for a unique form of

wind turbine gear.

2.5.1. Wind turbine foundation

Onshore turbines have a base on the ground, but the soil covering it makes it
unnoticeable. It is a sizable, weighty concrete structural block that should sustain the
whole turbine as well as the forces pushing on it. The base of offshore wind turbines
are submerged and hidden. The base of offshore turbines located far from the water
floats but has sufficient bulk to support and withstand the turbine weight and any
applied forces.
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Figure 2.11. Wind turbine foundation.

2.5.2. Wind energy tower

The towers of the vast majority of modern turbines are made of steel tubes in the shape
of cylinders. The optimal height of a turbine tower is one that is proportional to the
diameter of the circle that is created by the rotating the turbine's blades. The higher up
the turbine is located, the greater the likelihood that it may be damaged by gusts of
wind. owing to the fact that the wind grows more powerful the more away researchers

are from the earth (the wind does not have the same speed at different heights).

2.5.3. The rotor of wind turbine and hub

The element of the wind turbine that does the actual spinning is called the rotor, and it
consists of three blades as well as a hub which is located in the centre. Regardless of
the fact that three blades are the most common configuration for a turbine, this number
is not always present. The three-bladed rotor, on the other hand, offers advantages such
as increased efficiency. The blades appear to be hollow and to be made of a composite
material which is both light and robust, despite the fact that they are not very powerful.
They are becoming bigger (to accommodate more power), lighter (to save weight), and
more robust all the time. For reasons related to aerodynamics, the blades were designed
in the form of an airfoil, much like the wings of an aeroplane. In addition to this, they
do not have a flat surface and instead have a twist that runs between their roots and

tips. The axis of the blade might rotate up to ninety degrees. This kind of movement
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was referred to as a pitch. The hub's responsibility is to provide support for the blades
and to enable rotation with regard to the remaining portion of the turbine body.

AT )y

(5) Inner rotor generator

@ Tower

Figure 2.12. wind turbine parts.

2.5.4. Wind turbine nacelle

The nacelle of a wind turbine seems to be an elaborate electromechanical system that
consists of a number of complex pieces that all perform their functions in a precise and
exact manner. It would seem that the generator as well as the turbine shaft, that
employs a gearbox to convey renewable power to the generators, are significant
components of the turbine. The gearbox that is part of the wind turbine and is housed
on the cable car, is an extremely important components. Because the rotor of the
turbine needs to follow the wind and adjust its direction to correspond with the
direction of the wind, this must spin in respect to the tower. The term "yaw movement"
refers to this motion, which takes place as the nacelle and rotor rotate around the

tower's axis.

2.5.5. Wind energy generator

The mechanical energy which was created by the winds was transferred to the rotor by
a mechanism called a generator, which then converts it into electrical energy. The

generator might be constructed in a manner similar to that of an electric motor.
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Figure 2.13. wind turbine.

2.6. Wind Turbines: Working Principles

The moment the wind blows across the rotor blades, they start spinning rapidly. The

rotor of the turbine is equipped with a gearbox that may reach very high speeds.

Through the use of a gearbox, the rotational speed of the rotor may be altered from
slow to fast. Because of the connection between the high-speed shaft of the gearbox
and the rotor of the generator, the rotational speed of the electrical generator is
increased. An exciter is needed in order for the magnetic coil that is part of the
producing field system to be able to provide the requisite amount of power and
excitation . The voltage, which is generated at the output terminals of the alternator is
impacted both by the field flux and the speed of the alternator. The power of the wind,

which cannot be controlled, is what dictates the speed. As a result, regulation of the
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excitation should take place in line with the availability of renewable wind energy so
as to guarantee that the output power from the alternator was consistent. The exciter
current is managed by a controller for the turbine that measures the speed of the wind.
The voltage that is produced by the alternator is then transmitted to a rectifier that
alters it so that it produces direct current (DC). Before being sent to a transmission grid
or an electrical transmission network, the rectified DC output is first converted into
stabilised AC output by a line converter unit utilising a step-up transformer. After this,
the output is then provided to the transmission grid. Internal Supply Units are
supplementary units that give power to the internal auxiliary components of a wind
turbine. These components include the motors, the batteries, and a variety of others.

A contemporary large wind turbine has another two control systems linked to it.
« Managing the turbine blade's orientation.
» Regulating the turbine face's orientation.

The turbine blade base hub is responsible for controlling the blade's orientation. The
blades were secured to the centre hub by the use of a rotating arrangement that is
comprised of gears, a miniature electrical motor, or a hydraulic system that rotates in
a circular motion. It is possible that the system will be operated mechanically or
electrically, depending on how it was developed. It is possible for the blades to spin
depending on the speed of the wind. This technique is referred to as pitch control. In
order to extract the most amount of energy from the wind, the turbine blades are

oriented in such a way that they make the most efficient use of the available space.

It is possible for the nacelle or the entire structure of the turbine to be positioned to
follow the direction of changeable winds in order to maximise the amount of
mechanical energy that can be gathered from the winds. An anemometer, which is a
device that automatically measures the wind's speed, is attached to the top of the
nacelle's back so that it can determine both the wind's direction and its speed. The
signals are then relayed back to a computerised microprocessor-based regulating
system, which uses the yaw motor as its governor to rotate the entire nacelle utilizing

gearing in order to face the wind turbine in the direction that the wind is blowing.
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Figure 2.14. A Block plan of a wind turbine.

2.6.1. Wind energy conversion

In the Middle Ages, conventional windmills are widely utilized for cow watering, land
draining, and grain milling. In certain regions of the globe, winds energy converters
were always utilized for similar reasons today, although the major concentration is
now on their usage to produce electricity. Although there is increasing interest in using
winds energy to heating homes, buildings, and glasshouses, the potential market would
be far lower than that for electricity production. Although it is barely used, the word
"wind mill" is nevertheless often used to designate wind energy conversion
technologies. It is more suitable to refer to advanced energy conversion systems as
WECS, aerogenerations, wind turbine generators, or simply "wind turbines." For
certain uses, like pumping water for land drainage, the fact that the wind is a variable
and intermittent source of energy is irrelevant - provided, of course, that there is a wide
match between the energy supplied throughout any key time and the energy needed.
The task is completed if the wind blows; else, it must wait. Nevertheless, the
interruption of supplies might be extremely inconvenient for a variety of applications
for which electricity is used. Operators or consumers of wind turbines must make sure
that they have backup plan in place to address times when there is not enough (or too

much) wind. Backup options for small producers include:
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Battery storage,

A connection to the local electrical distribution system

A medium and large-sized wind turbines may need to be integrated into utilities'

distribution networks, which might result in the need for extra equipment that could

react swiftly to changing demands.

2.6.2. Advantages of wind energy

1.

2.6.3

Wind energy was easily accessible and a clean energy source, therefore it does

not have negative environmental effects.
Fuel supply and transportation are avoided by wind energy systems.

Up to a few KW systems are less expensive on a small scale. On a big scale,
costs may be comparable to those of traditional power, and mass manufacturing

may result in reduced costs.

It may be helpful in delivering electricity to isolated places when other energy
sources are hard to get by and has minimal running costs.

. Disadvantages of wind energy

The nature of the wind energy accessible is diluted and erratic.

In contrast to water energy, winds energy requires storage space due to its
erratic nature. ¢ The functioning of winds energy systems are loud; a

large unit may be heard from miles away.

The wind energy system is extremely large total weight since it involves the

building of tall towers with gear boxes, generators, couplings, etc.

Propellers with a diameter of one to 3 meters have often been required for large

regions.
Current systems were hardly operationally dependable nor maintenance-free.

Only in broad, open spaces with ideal wind conditions are wind power plants

allowed to be placed. These areas are often far from load canters.

At the moment, it only produces one to a few MW, which is insufficient to

fulfill the energy demands of major cities and businesses.
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2.7. Energy Storage (Battery types and Operation)

Regardless of the fact that power generation and demand change during the day, one
of the challenges that the sector of power generation from alternative energy sources
has is maintaining a fixed or consistent quantity of electricity generated over a
particular period of time. Energy storage technologies is employed to solve this issue.
These systems collect additional energy throughout times of low demand, store it in
alternative forms, and then transform it back into the original form when the need calls

for it.

Rechargeable batteries, also recognized as accumulators, are utilized to store energy
produced by solar and wind energy. Batteries were electrochemical devices that
utilizing ions as electrical charges to transform electric energy into storage capacity.
The ideal battery would meet the demands at night, on rainy and cloudy days, or
throughout periods of lesser winds speed, in the event of electrification in distant
places utilizing solar or wind energy. These machines were crucial for stabilizing the

significant voltage fluctuations caused by solar panels and wind turbines [11].

2.8. Types of Batteries

For those being utilized commercially and on small sizes, rechargeable batteries may
be of the lead-acid, nickel-cadmium, nickel metal hydride, or lithium ion types. Owing
to its appropriateness, availability, and affordability compared to the other varieties,
that are primarily utilised tiny electric gadgets like radios and mobile phones, lead acid

batteries are the most popular for solar/wind power systems [29].

Lead Acid Batteries: The fundamental working concept of lead-acid batteries would
be depending on the interaction between lead plates (positive plates) linked to the
negative connector (Pb) and lead plates (negative plates) covered with PbO2 that have
been attached to the positive connector (Pb). As illustrated in the reaction equation
below, the assembly is put in the battery compartment and submerged in an aqueous
solution of sulphuric acid (H2SO2) after being separated by a cardboard, plastic, or

some kind of microporous paper separator [11].

Pb + PhO2 + 2 H2SO4 «> 2 PbSO4 + 2 H20 2.2)

30



Hankins [11] states that lead-acid batteries may be divided into two groups: deep

discharge (deep cycle) batteries and automotive batteries (start-up batteries).

Automobile batteries have been created to provide strong current bursts for brief
intervals, which results in a shallow depth of discharge that is typically just 20percent
of the charge capacity. Given that the starter of a vehicle's engine uses a lot of power
for a short period of time while beginning, these sort of batteries are often utilized for
engine starting. Peak current batteries have more plates but are thinner than stationary

deep-cycle batteries [29].

Deep discharge (deep cycle) batteries, such as absorbed glass mat (AGM), captive
electrolyte gel, and tubular plates batteries/fOPZS or OPZV (wet or gel Cells) batteries,

were designed to survive discharges of up to 80percent of their capacity.
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Figure 2.15. Various kinds of deep discharge batteries, a) AGM; b) captive electrolyte
gel; c) tubular plate batteries/fOPZV or OPZS [30].

The life cycles, market prices, and architecture of the different deep-cycle battery
enhancements vary; nevertheless, the tubular plate kinds, which was the last one in
Figure 2.15, is the most advantageous since its enormously long lifetime (900-1200

cycles), especially in comparison to any other lead-acid battery kind [29,31].

2.8.1.1. Battery voltage (V)

The nominal voltage of a lead-acid battery is 2.0 V per cell; however, this voltage
varies significantly during charging and discharging depending on the current supplied
or withdrawn, the amount of time since unloading or loading, the temperature, and the
constructive properties of the battery. If the battery is towards the end of its usable life
or is undergoing rapid charging, the voltage may increase to 2.5 V per cell. During
deep discharge, the voltage may drop to 1.6 V per cell, which is frequently regarded

as a destructively low level.
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2.8.1.2. Battery power (C)

The quantity of power that a battery can produce under certain circumstances, such as
with a specified discharge current up to a specific voltage level at a specific
temperature, is often measured in ampere-hours (Ah). Based on the estimation below,
the C20 and C100 batteries seem to be the most helpful for stand-alone processes, so
the battery capacity and discharge current are frequently indicated along with a
subscript for discharge duration in hrs, — for example, C10 means battery capacity C
for a discharge time time of 10 h. This is how batteries were also typically designated

to represent their nominal capacities.

Definition of nominal capacity roughly:

C10: C10~0.85x C20 ~ 0.7 x C100 (2.3)

2.8.1.3. Battery charge and discharge limit

When a battery is connected to a load, its voltage begins to drop; nevertheless, if the
battery's nominal voltage drops to between 1.7 and 1.85 V, it must be unplugged from
appliances to preserve its long life and avoid a damaging depth of discharge (DoD).
To avoid increased gas generation (gassing), the battery must be unplugged if it is

being charged and the voltage rises over around 2.4 V [21].

2.8.1.4. Life cycle versus depth of discharge

Battery kind and DoD are the main determinants of a battery's life cycle, which refers
to the cycles number this could withstand before losing 80 percent of its nominal
capacity. All kinds of batteries have reduced life spans the greater the DoD. It is
suggested against routinely discharging even deep cycle batteries below 60percent
DoD (40 percent state of charge) [21].

Additionally, all battery types operate more effectively during both charge and
discharge at low currents as opposed to high ones. Any battery may last longer thanks
to slow charge/discharge cycles, which also enable a maintained high capacity level
throughout the battery's life. Any kind of electrochemical battery may readily suffer
from poor performance and a shorter lifespan when charged and discharged quickly,

drawing large currents.
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2.9, Controllers Charge and Inverters

The usage of inverters allows for the conversion of AC electrical current from DC
electrical current. Depending on their waveform, inverters may be divided into three
categories: sine wave, modified square wave, and square wave [29]. Despite having
the lowest prices on the market, square wave inverters are not suited for domestic usage
since they have a very low control output voltages and a severe harmonic distortion.
In order to lessen the harmonic distortion caused by the first kind, modified square
waves inverters are connected to certain electronic components (field effect transistors,
or FETSs, or silicon controlled rectifiers, or SCRs). However, this sort of inverter also
prohibits the use of several household appliances. The most sophisticated and suitable
for household electricity are sine wave inverters, which give forth output signals with
less harmonic distortion. This enables them to provide energy to any machine,

especially delicate ones [29].

2.10. Need of Hybrid Power Plant

The burning of fundamental fuels including coal, natural gas, gasoline, etc. is an
example of a traditional combustion kind power production technique. Mechanical
power was created by a steam generator, which converts thermal energy from the fuel
combustion into rotational energy. The majority of thermal power plants generate
steam; hence, they are often referred to as steam power plants. The second rule of
thermodynamics states that not all heat energy could be converted into mechanical
power. As a result, heat is constantly wasted to the surroundings. As an alternative,
there are nuclear power plants where the mechanical energy needed to turn a turbine
was produced by boiling water into great energy (KE or PE) steam. We employ nuclear
reactions for the purposes of heating. The water that is kept in a container is heated
using the heat that nuclear reactors release. But the danger element is where this
technology differs most from nuclear power plants. These nuclear power facilities
might leak, which would be very harmful to both abiotic and biotic elements in the

area. Additionally, both of them suffer from the drawback of air contamination.
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2.11. Disadvantages of Conventional Combustion Generators

« Utilizing sustainable energy sources represents the most agreeable solution. A
green source of energy refers to one that produces energy with little
environmental impact. These sources involve the fuel cells, waves, sun, wind,
and others. But electricity has to be produced just when it's needed. This need
IS not met by wind or sunlight.

« In order to avoid power shortages and utilize all available wind and solar
energy, a new type of power plant should be built.

» There are at least two methods to reach this objective:

» The storage of electrical energy.

« A producing station with an additional management systems and two (or more)
major Sources.

» Owingto all of these problems, the use of hybrids power system was necessary.

2.11.1. Solution

The most palatable answer is to use sustainable energy sources. A clean energy source
is one that generates energy without significantly affecting the environment. These
sources include fuel cells, the sun, the wind, the waves, and others. However, power
must be generated precisely when it is required. Wind and sun do not satisfy this
condition. Therefore, a new kind of power station must be constructed to prevent

power shortages and to make use of all accessible solar and wind energy.
At least two strategies exist to accomplish this goal:

» A generating station with an extra control system and two (or more) main
sources.

« The storing of electrical energy.
The utilization of a hybrid power system is required due to all of these issues.
2.12. Hybrid Power Systems

A hybrid power system is simply one that generates electrical energy from many
sources. In contrast to the current system, where outputs from various producing

stations were hooked together, here the various energy sources are combined at the
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point of production, employing two or more fuels for the same devices that, once
combined, overcome the shortcomings of each fuel separately.

The following were examples of the many hybrid power systems which are frequently

employed:
» A wind-fuel cells hybrid systems;
» Asolid oxide fuel cell coupled with a micro turbine or gas turbine.
* A hybrid wave-wind system.

« DC hybrid systems with micro grid; wind generator with battery storage and

diesel backup generators.

Furthermore renewable sources of electricity like solar, wind, or hydropower systems,
a hybrid power system has to have a controllable source like a generator driven by a
gasoline or diesel engine. This is due to energy generated by renewable energy sources,
including wind or solar energy, fluctuates and can't always effectively match the need
for load. Once the first fails to function, the diesel engine generator maintains
electricity generation. A backup battery is always included in hybrid systems. Its
primary purpose is to provide a steady flow of energy once the other two sources aren't
producing any. Additionally, it aids in reducing the production of a renewable power
source's jarring oscillations. We used a solar-wind hybrid powers station as an instance

in this presentation.

2.13. Literature Study of The Hybrid Solar-Wind System

Utilizing energy that is a combination of solar and wind sources is necessary for the
growth of the nation. Numerous studies have been carried out in order to develop and
evaluate the overall performance of the solar and wind hybrid system. According to
Ramli et al. [32]. research study model for the hybrid solar and wind systems on the
techno-economic energy analysis for Saudi Arabia, hybrid wind and solar systems
systems are becoming increasingly popular. Once conducting an investigation into the
economic manufacture of electric vehicles using a hybrid system, the numerous criteria

that need to be satisfied are taken into consideration.

Khare et al [33] provided for the HRES. In the study that was given, the primary

emphasis was placed on a wide range of issues pertaining to HRES, including
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appropriate size, feasibility analysis, modelling, control considerations, and
dependability. The authors of this paper, Bhandari et al. [34], differentiate between the
electricity produced by wind turbines and photovoltaic (pv) panels based on the
weather conditions. They came to the conclusion that the system might be improved

and made more functional by utilising storage systems as a form of backup..

They then build component specifications for the hybrid system using a variety of
optimization strategies. Once again, they concentrate on the current environmental
crisis situation. This research, by Sharma et al. [35], focuses mostly on rural
development in India utilizing a unique hybrid methodology. They research several
hybrid power generation system combinations. The load was separated into phases
based on the estimated load demand for rural areas, and additional analysis is then

performed.

Bekele et al. [36] created a hybrid solar and wind power producing system for a rural
part of Ethiopia. The system is created based on research investigations' essential
requirements for electricity. Data for the research was gathered from a national
organization. Using the HOMER program, the simulation of that hybrid system is
examined. The study's findings showed that the system was functioning well and that
up to 20percent of the lack of energy had been filled.

The innovative methods for producing hybrid electricity were asserted in Perlis,
Malaysia by Irwan et al [37]. The PV module is cooled using electricity produced by
wind. PV modules are utilized with the Savinious and Darrieus combo. Performance
may be enhanced using the new hybrid system design methodology. According to
Gwani et al., this device combines a vertical axis wind turbine with omnidirectional
guiding vanes to generate energy utilizing a blend of solar and wind power (ODGV)
[38]. The ODGV was created by the author to maximize the power production from
wind energy, which uses the venturi effect. They were able to increase the hybrid
system's power output by adopting this combination. This system's electricity is
utilized to power appliances like streetlights and other electrical devices. The most
effective methods for generating hybrid wind and solar electricity in distant places
were developed by Prabhakant et al. [39] to reduce the creation of carbon and coal
while producing electricity. Bouzelata et al. investigated the best configuration for a

hybrid wind and solar energy system [40]. The WECS is used to generate power using
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a double fed induction generator. According to the study's findings, the power quality
was enhanced by the usage of power electronics in energy production.

Jain and Abhishek [41], The fundamentals of small size VAWT for blade pitching
throughout varying amplitude were discussed. The many design concerns were
examined, and it was determined that a broad variety of wind speeds and tip speed
ratios, as well as variations in the magnitude of blade pitching caused the turbine to
operate at its optimum efficiency. The Western Himalayas region's potential for
installing a micro winds and Solar hybrid system was outlined by Sunanda Sinha et al.
[42]. On the basis of data from NASA and ANN predictions, measured data for
Hamirpur, and estimated data for eleven places in Himachal Pradesh, the hybrid

system's analysis is conducted.

In the last two decades, there has been an increased focus on renewable resources as a
result of the continuing need for energy, the decline in the availability of fossil fuel
resources, and the negative impact of fossil fuels on the environment. The amount of
electricity that is produced in Iraq is insufficient to satisfy the requirements of the
country's industrial and residential sectors. Dihrab and Sopian presented a renewable
resource of power production for grid-connected applications in three cities in Iraq
[43]. This resource would be solar energy. MATLAB solver was used to do a
simulation of the proposed system. The climatological data for the various sites that
were being considered as well as the dimensions of the PV and wind turbines were
used as input variables for the solution. According to the findings, it is feasible for Iraq
to employ wind and solar energy to create sufficient amounts of electricity to supply
the needs of certain desert or rural communities. Throughout this period when the
system is completely shut down, it is also feasible to use such a system as just a black
start power source. According to the findings, Basra is the optimal location for this
system in terms of both wind and solar energy. Both the use of fossil fuels and the
release of greenhouse gases may be significantly cut down with the aid of hybrid
energy systems, often known as HESs. These systems combine both traditional and
renewable forms of energy. An appropriate control strategy is necessary for the
optimum design of HESSs since it is necessary to meet the environmental, economic,
technological, and design goals. Aziz et al. conducted research to determine the
optimal design for a grid-connected PV/battery HES that is capable of meeting the

load needs of a residential dwelling in Irag. In order to design a novel dispatch strategy
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that forecasts future solar output and demand for power, the MATLAB Link that is
included in the HOMER programme was used. In HOMER, a comparison is made
between the changed approach and the default methods, such as load following and
cycle charging. This comparison is made by taking into consideration the
technological, economic, and environmental viewpoints. According to optimization
studies, the improved approach results in the highest performance while incurring the
least amount of net present cost (USD 33,747), unmet load (87 kWh/year), grid
purchases (6188 kWh/year), and CO2 emission (3913 kg/year). In the end, the
sensitivity analysis was carried out on a variety of essential factors, which had an effect
on the optimal findings over a range of scales. Taking into account the recent advocacy
efforts aimed at achieving the sustainable development targets, the models that were
proposed in this paper can be used for a similar system design and operation planning
that allows for a shift to more efficient dispatch strategies of HESs. This was
accomplished by taking into consideration the recent efforts that were made.

The findings of a research project on a combined wind and photovoltaic system that
might be used in the energy sector of the Republic of Iraq were provided by Abd et al.
[45]. The hybrid system that has been given here is an idea for supplying electricity to
utility users in Iraq and for the country's energy industry. The chronic lack of power
that Iragi customers are facing may be helped by the solution that has been presented,
which is for wind and solar systems to work together to jointly generate energy. The
authors demonstrate that the overall efficacy of the mini-energy complex is improved
as a result of the combined production of electric energy by converting the solar
radiation and the wind flow into usable forms of energy. The purpose of this research

is to investigate and develop a small-scale hybrid wind-solar.
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3. ENERGY SYSTEMS
3.1. Introduction

Matlab and Simulink were the programmes that were used to carry out the research
study. The pv-wind hybrid system that was built is constructed with the use of the
Simulink library's Matlab/Simulink blocks. The hybrid power generation system's
structure involves the application of mathematical equations, which are then subjected
to analysis. Matlab is an advanced programming language that could communicate
with programmes, pictures, and environmental numerical computing. Its name comes
from the Matrix Laboratory, which was established by Math Works. Matlab is a high-
level programming language. In addition to this, it assists in the creation of models by
making use of the physical blocks contained within the built-in Matlab/Simulink
library, it is capable of doing mathematical formulas, and it can connect with
programmes written in additional computer languages to analyse data. The
programming language Matlab is utilised extensively in the fields of both science and
engineering. In addition to that, it comes with a comprehensive library of mathematical
operations, including integration and differentiation of numerical formulas, linear
algebra, statics, and Fourier analysis. The method used to build a hybrid power
generation system that uses wind and solar energy is tied to the electrical grid for the
goal of transmitting power in order to meet the needs. In order to achieve optimum
efficiency and power regulation, the hybrid system combines the utilisation of solar
energy and wind energy obtained from the resources that are available. With the help
of this technology, power may be sent to loads as well as the grid, and it does so based
on the weather and the availability of solar and wind energy. Solar energy is widely
available, and the Perturb and Observe method, an MPPT methodology, can be used
to track its production. The temperature and the amount of voltage that is available in
the solar cells both affect how much solar energy is generated. Through the use of DC-
DC boost converters, solar energy is increased and then given to a DC-AC inverter
circuit where it can be used to power a load. For a wind energy system, permanent

magnet synchronous machines capture the speed of the wind turbines' rotors. The



output wind energy was then linked with the turbines to be transformed into electrical
energy [44]. For the purpose of send the output to the load, inverters transform the
output from direct current to alternating current.. The system functions properly at
temperatures and radiation levels that are considered normal, as well as wind speeds
that are considered normal. It is possible to construct a hybrid system by combining
several techniques, including converters, inverters, transformers, and regulating
systems, including Pl and PWM, for the system's internal operations. Matlab block
sets were utilised in the process of developing and modelling this hybrid system, which

takes place in the software Matlab/Simulink.

The accessibility of alternative energy sources across area is the most important piece
of data that must be gathered before designing a hybrid power generation system that
makes use of renewable energy. Along with the temperature, the irradiance and the
maximum number of hours of sunshine are essential pieces of information for solar
energy. Radiation from the sun and its temp are the primary factors that have an effect
on the production of solar energy. However, in order to harness the power of the wind,
one must have an understanding of both the wind velocity and the topographical
factors that influence it. In order to compute a mean total production of energy that can
be produced in the area, a comprehensive examination of the solar radiation and the
speed of the wind is necessary. The data from Iraq are used as a reference to
demonstrate that the location is suitable for the installation of a hybrid power
generation unit that uses solar power for energy and the wind. The power of Sun and
wind are both readily available in Iraqg; therefore, combining these two resources

would result in the highest possible amount of electricity production.

3.2. Pv Energy System

Solar energy is the name given to the energy that is obtained from the sun's rays. It is
easily available all over the surface of the planet and has a widespread distribution.
The energy that comes from the sun is a clean, highly effective, and very inexpensive
source of energy. Solar energy may be converted into usable power via the use of PV
panels. Solar-material panels act as the medium through which solar energy is
converted into either heat or electricity. Materials that are semiconductors are used to
build the solar panels. Silicon is a kind of semiconducting material that is utilized in

solar cells. This material is located on the surface of the cell, which is where the
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sunlight hits and is absorbed. In their most basic form, solar cells perform the same
function as a diode thanks to the PN junction that is produced in the material. When
sunlight strikes a material's surface, some of the light's energy is absorbed, making it
possible for electrons to flow around unimpeded. The production of electric current is
a direct consequence of the passage of electrons. The photoelectric impact is the name
given to the fundamental process that allows solar energy to be converted into usable

forms of electricity [46,47].

Combining individual PV cells results in the formation of solar panels. PV cells are
linked together to create a PV module, which is then followed by PV modules being
connected to one another to create the necessary PV panels or arrays. In a PV module,
the number of PV cells will typically vary anywhere between 36 and 96 cells. The load
requirements decide whether to connect the cells in series or parallel. The modules
would be connected either in series or in parallel combinations, similar to how the cells
are set up. Photovoltaic cells are frequently arranged in series for high output voltage,
whereas they are typically stacked in parallel for high output current. In order to build
a solar panel, the cells are first connected in series to get the necessary voltage, and the

strings that result are then connected in parallel to achieve the requisite current [46,47].

Solar Array

Solar Module

Solar Cell

—{

Figure 3.1. PV cell, PV module, PV panel, and finally, PV array.
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Figure 3.2. Diagrammatic presentation of solar energy.

The fundamental outline of the circuitry involved in the creation of solar energy is seen
in figure 3.2. In the illustration, the solar panels are positioned such that they receive
sunlight from the sun. These photovoltaic solar panels use photovoltaic silicon semi-
conductors as its primary material component. PV cells take use of the photoelectric
impact, which allows the sun's energy to be turned directly into electricity. The
converters get their DC power from the solar panel's output panels, which is supplied
into them. The point of max power In order to monitor the greatest amount of solar
energy, tracking methods are utilised alongside the system, and the resulting pulses are
then provided to the converter. Converters, which are used to produce regulated DC
output, are necessary to convert the voltage from one level to another. After obtaining
the input voltage from the solar panels, the converter produces a controlled DC output.
In order to create the alternating current (AC) output that will be provided to the load
or the grid, the converters' regulated direct current output is fed into the inverter's input.
Figure depicts a solar energy generating system in block diagram form. in fig(3.3).

— S| mPPT |

Load
/grid

Solar panels Boost inverter

Figure 3.3. Diagram of the solar energy system.
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3.2.1. Solar panel moduling

The photovoltaic (PV) cells are the most fundamental component of a solar panel.
When designing the solar panels, the fundamental equivalent circuit model and the
formulas that describe a PV cell were taken into consideration. Formulas were utilised

to simulate the behaviour of the solar panel.

Py

Iy R
Y R, 4

* O

Figure 3.4. PV Cell equivalent circuit model with resistances [48].

Figure 3.4 shows the simple diode equivalent circuit configuration for a solar cell with
resistors linked in series and parallel. The following equation can be used to express

the produced current from a solar cell:

Ipy ceu=Ip + Isp +1 (3.2)

I =1Ipycen — Ip — Isn (3-2)

The current through the diode in a solar cell is represented as:

v+IRg

Ip = Iy ceu[e @Ven —1] (33)
V + IRs
Iy, = (3.4)
Rp
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It may be expressed as by substituting equations 3.2 and 3.3 in formula 3.2:

]:-V{RS V+IRg (3 5)
I =1Ipy cen — Io ceu[e e -1]- Rp :
aW+IRs) V+IR
I =1Ipycen — loceusle” @t -1]- R > (3.6)
q(w+IRg)
I =1Ipycen — loceule @ -1] (3.7)

In a PV module, several cells are connected to the circuit in both series (Ns) and
parallel (Np), configurations, together with the shunt and series resistance.

4W+IRs) V+IRs
I = Nplpy ceut — Nplo cenn[e a7 - 1]-

s (3.8)
Both the temperature and the solar radiation have a significant impact on the photon
current that is incident on the solar cell. This could also be said as:

Ipy cett = [Isc + Ki(T r 298)] * (39)

1000

The diode current always takes the saturation current in the opposite direction,
regardless of temperature, and appears to be a function of both the current and voltage.

As a result, the reverse saturation current can be computed as follows:

ISCTL
Toceun = W (3.10)
exp aNVth
Lo, =1 T sexptfe L _ 1 3.11
cell — Ce”(Tref) eXp[ak (T Tref)] ( . )

Irradiance and temp of the cell are the primary factors that determine the I-V and P-V
properties, respectively. The output of the features varies in response to changes in
both the temp and the amount of solar radiation. These mathematical formulas are used

in the process of designing a photovoltaic panel [49,50].
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Figure 3.5. Solar cell properties P-V and I-V [50].

3.3. Tracking Maximum Power Point

An electronic gadget called the Max Power Point Recording system keeps track of the
most readily available energy source, which improves the output performance and
effectiveness of solar PV panels. This is accomplished by tracking the max power point
at which the resource is accessible. The output seems to have a nonlinear nature and is
subject to frequent fluctuations as a result of variations in the weather conditions. This
gadget assists in tracking the available power in the environment and operating at the
greatest power point, both of which contribute to an increase in efficacy. The voltage
where a photovoltaic panel produces its highest amount of electricity is referred to as
the max power point [48,51].
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Figure 3.6. Power properties curve for P-V and I-V [51].
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The MPP shifts in response to changes in both the amount of solar irradiation and the
ambient temperature. Both the voltage source area and the current source region are
considered to be properties of a PV cell. At the current source area of the solar cell,
the internal impedance of the solar cell would be high, but at the voltage source region
of the solar cell, the internal impedance of the solar cell will be low. The greatest
amount of power will be delivered to the load once the internal impedance is equal to
the impedances of the load. The max power point (MPP) monitors the power output of
the PV cells in relation to the load. Despite the fact that the temp and irradiance of the
environment have an effect on the efficacy of the panel, because of the fluctuating
weather conditions, the MPP is intended to have a quick reaction time, dependable
performance, and reduced fluctuation. Owing to balance concerns, this control system
could be linked directly to load. Instead, it is connected through a DC-DC converter
so that it may regulate the load. A converter is a device that matches the impedances
of the source and the load in order to send the greatest amount of power from the PV
cell to the load. Step up or step down DC-DC converters are typically employed in
most applications [51,52]. There are many distinct methods that can be utilised for
MPPT, but the ones that are utilised most frequently in PV generation include the
incremental conductance technique, the perturb and observe technique, the constant
voltage and current method, fuzzy logic, the curve fitting technique, the open circuit
voltage technique, the short circuit current technique, and many others. The Perturb
and Observe approach and the Incremental Conductance method are the two strategies
that are utilized the most often among them. Less time is needed for tracking using

these methods, and their implementation is straightforward [51,52].

3.3.1. Perturb and observe

A alternative name for the Perturb and Observe strategy is the hill climbing approach.
The ease of usage and wide range of potential applications make this approach the one
that is most often chosen. The operation of this system in a PV module was determined
by the fluctuations in output power that are caused by an increase or reduction in the
voltage. The algorithm of the system takes into account the solar cell's PV curve. In
this case, the voltage of the photovoltaic panel is changed such that it varies with
voltage (dv), which also causes a concomitant change in output power (dp). Both of
the different alternatives have to go in the same general direction. In the event that the

functioning of the solar panel deviates from the MPP point and the voltage is upset
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with even a tiny variation, then a change in power would be seen. When any operating
point is shifted closer to the MPP, there is a positive change in power, and the voltage
would also experience perturbations in the same direction. When the operational point
goes further away from the MPP, there will be a negative change in power, which

would cause a perturbation of voltage in the opposite direction [53,54].

The most power is determined via the P&O method, which oscillates around the MPP.
When the sun irradiance and temperature conditions change, the P&O MPPT approach
is advantageous. These changes can be managed by lowering the disturbance and
slowing the tracking speed. The P&O MPPT system responds to changes in the panel's
voltage as well as comparisons with the power magnitude produced by the PV system
during the cycle before [53].
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Figure 3.7. Flowchart for algorithm P&O MPPT [52].
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3.3.2. Incremental conductance method

A different approach to solving the problem that the MPPT technique presents is the
incremental conductance technique. This is a differential approach, and it works by
calculating the PV power in relation to the voltage. When the power is differentiated
in relation to the voltage, the output should go toward zero, and the PV voltage should
either grow or reduce depending on whether there are positive or negative fluctuations
in the ratio of the change in power to the voltage change (dP/dV). The incremental
conductance approach is reliable for accurately tracking power despite variations in

the environmental circumstances [52].

The algorithm for the incremental conductance approach distinguishes between shifts

in power and shifts in voltage.

dp _d(dvi) _1av  vdl

— = (3.12)
av dv dav — av
vdi
— = 3.13
+ =0 (3.13)
the &£ = 0 at MMP Therefore = o (3.14)
av |4 av

The instantaneous conductance was denoted by the symbol -1/V in formula 3.14, while
the incremental conductance was denoted by the symbol dI/dV. On the basis of the
operational point, a series of iterations are carried out utilising this derivation, and each
of these iterations would result in a value of zero at the MPP [55]. When choosing
MPP as a tracking method, the technology utilised to analyse data has to be one that is
effective, precise, and cost-effective. P&O and the incremental conductance technique
are the two MPP approaches that are utilized for monitoring the most often. The reason
for this is because not only are they easy to deploy in terms of their structure, but they
also need relatively little monitoring time. In situations when it is not essential to tune
the parameters, the approaches of "Perturb & Observe™ and "Incremental Conductance
technique” seem to be more likely to be utilised. The implementation of these systems
IS quite expensive, hence they are often reserved for usage in large-scale rather than in
small-scale applications. The P&O approach is used in situations in which there is a
fluctuation in climatic circumstances, most significantly shifting sun's radiation, as

well as for instances in which there are rapid changes in the characteristics of the
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environment. However, due to the fact that this approach sometimes finalises the
adjustments based on MPP rather than radiation from the sun, the computations end
up being inaccurate. The incremental conductance approach is used in order to resolve
this problem. This approach may be used in a digital setting and yields superior
outcomes in settings when the weather is unpredictable and constantly changing.
Within the range of the max power point, this system is able to achieve reduced
oscillations. The sole disadvantage of using this strategy is its intricate structure. As a
result, this technology is utilised mostly for endeavours operating on a massive scale,

including satellite applications [51,55].
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3.4. Wind Energy System

Wind power is one of the most promising forms of renewable energy for meeting the
ever-increasing requirements of the global economy. It is a clean and green kind of
energy that does not harm the environment. Wind is the movement of air in the
atmosphere. Through the use of wind turbines, the kinetic energy that is gained from
the wind may be turned into mechanical energy. Generators are then used in order to
complete the transformation of this mechanical energy into electrical energy. Wind
energy may be generated by a variety of generators, the most popular of which being
induction generators and permanent magnet synchronous generators, abbreviated as
PMSGs (IG). In permanent magnet synchronous generators, the field of excitation was
supplied not by excitation coils but rather by permanent magnets. The production of
energy is by far the most widespread commercial utilization of this technology. These
kind of generators were referred to as synchronous generators since the speed of the
rotor always coincides with the frequency of the supply. Permanent synchronous
generators have become the most common kind of generator utilized in high-power
uses since of their cheap cost and ease of maintenance, as well as their high efficacy

and independence from a DC supply [56,57].
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Figure 3.9. lllustration of wind energy.

The flowchart for the generation of wind energy is shown in figure 3.10 below. The
wind turbine consists of a variety of parts, including a tower, generator, nacelle,
gearbox, blades, and rotor, among others. The nacelle of the turbine is where the

gearbox and generator are located. This is the most important component of the
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turbine. The wind turbine tower is home to both the rotors and the nacelle of the
machine. Kinetic energy is transferred from the wind as it passes over the rotor blades
and into the rotor hub. It is the job of the gearbox to bring the rotating speed shafts up
to a higher level, and it is the generator's job to transform the mechanical energy of the
revolving shaft into electrical energy. The outputs from the generator was sent into the
inverter, which then produces the needed amount of AC output at the grid so that it
may be distributed. In figure 3.10 below, a schematic diagram for a wind energy

system is shown. [58].

wind turbine PMSG inverter Load

Figure 3.10. Wind Energy Schematic Diagram.
3.4.1. Wind turbine modelling

The air density (p) kg/m2, the power coefficient (Cp), the wind turbine swept area (A)
m2, and the wind speed (V) m/s are the variables that determine the aerodynamic
power properties of a wind turbine. The power coefficient is a function that takes into
account both the blade pitch angle () and the tip speed proportion (1). One way to

write the formula for power (Pw) is as follows:
P, = 0.5pAV3C,(B,%) (3.15)

The tip speed proportion (3 ) has been described as the proportion of the wind turbine's

rotational speed (w) and blade radius (R) to the wind velocity (v)

_WR

- (3.16)

The highest possible magnitude for the power coefficient (Cp) may be calculated to be
0.59 on a theoretical basis. The Cp seems to be a portion of the upstream wind power
that is caught by the rotor blades of the wind turbines, while the remaining power is
released to the downstream direction. Always maintaining the blade pitch angle () at

zero ensures that the wind turbines produce their greatest possible torque [50,52].
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3.5. Generators Powered by Wind

The power prodused from wind is a type of green energy that can satisfy the world's
growing demand for power without compromising the availability of fossil fuels to
fulfill foreseeable future requirements. The natural world provides an ample supply of
the pure kind of energy. The generators that are utilized in the process of creating
electrical energy form the foundation of wind energy conversion systems. There are
two types of wind turbines: those that have a different wind speed and those that have
a constant wind speed. Wind turbines with variable speeds were capable of achieving
optimum efficacy throughout a broad range of wind speeds, in contrast to wind
turbines with fixed speeds, which only achieve max efficacy when the wind speed is
constant. The directly operated permanent magnet synchronous generator seems to be
the technique that is utilized the most often for the conversion of wind energy as a

result of its high level of efficacy and dependability.

3.5.1. A synchronous permanent magnet generator

The wind turbine produces mechanical power, which is then converted into electrical
power by the generators with permanent magnets. In the end, these power electronic

equipment are used to feed this power into a load or the grid as showen in fig 3.11.
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Figure 3.11. Simple wind energy conversion system illustration.

The creation of a dynamic model in a PMSG involves two steps. The g-axis is 90
degrees in front of the d-axis in terms of rotation direction. In a d-q reference frame

spinning synchronously, the mathematical model can be written as follows:
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diy 1

E = m (_Rsld + We(qu + Lls)iq + ud) (317)
s s
di, 1 _
qt L.+L. (—Rsly + We[(Las + Lig)ig + ¥y + ug) (3.18)
qs s

Lg and Ld seem to be the d and q axis inductances in generators, while Llg and LId
seem to be the g and d represent the Generator axis leakage inductance. f is the
persistent magnetic field flux, and e is the generator's electrical motor speed. The
notation d and q refers to the d-q frame of reference. The formula for the torque
produced by a PMSG.

The generator's d and g axis inductances appear to be Lq and Ld, whereas the leakage
inductances of the generator's g and d axes, LIg and LId, are LIg and LId. e denotes the
generator's electrical rotation speed, while ¥ f denotes the permanent magnetic flux.
Referring to the d-q reference frame is indicated by the notation d a- g. formula for the

torque a PMSG produces.
Te = 15P((Ld5 - Lls)idiq + lqlllf) (319)

p refers to the poles’ number in a generator [52].

3.5.2. Induction generator

The generator is the component of the wind energy producing system that is the most
difficult to understand. Before it can begin producing electricity, the induction
generator has to wait for the excitation capacitor to first self-excite. Since of their cheap
cost, their resilience, and the absence of any cogging torque, IG are suitable for use in
low power wind turbines. Due to the high rotational speed of the IG, its use in tiny
wind turbines necessitates the addition of a gearbox. The electromagnetic state
variables, as well as the stator, rotor, and electromagnetic transients, are all included
in 1Gs. The rotor slip proportion may be calculated using:

Ws — W,
S= 2

(3.20)

Ws
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The generator power and the electrical torque are both supplied by.

Te = WYorlar — Warlgr (3.21)

P = Vgslas + Vgslgs (3.22)

The complexity of the model is reduced because to the application of Park's
Transformation approach, which takes into account the fact that the inductances of
both the stator and the rotor shift with time. The slip output would be positive when
operating in the monitoring mode, but would be negative when operating in the
generating mode. The magnetic flow is denoted by the symbol in formula 3.21 . In
formula (3.22), V¢s and Vs represent the voltages of the quadrature axis and stator
direct axis of an induction generator found in a wind turbine. The induction generator's
current along the quadrature axis and the current along the stator direct axis are denoted

by las and lgs, respectively.[59,60].

3.6. Hybrid Energy System

In order to satisfy the ever-increasing requirements of the future, hybrid power
production systems are the finest answer that is now available. The term "hybrid
energy systems" refers to the generation of electricity via the integration of two or
more distinct energy sources. The climatic conditions have a significant role in the
production of renewable energy. When the sun's radiation is greater, the temperature
will generally be higher as well, which is sufficient for the generation of solar energy;
however, during this time the wind energy will be weak. In a similar vein, when there
is a lot of wind, the sky will be overcast, and there is a good likelihood that it will rain.
Additionally, visibility will be poor, and there will be very little sunshine. As a result,
it is not prudent to derive all of one's energy requirements from a single supply in order
to maintain continuous power production. Energy derived from the sun is only
accessible during the day, but wind may be harnessed at any time of the day or night.
Despite this, the gustiness of the wind tends to be at its peak throughout the night, and
as a result, either one of the two sources of power would be accessible at all times. The
energy that comes from the sun is most advantageous throughout this summer months,

when the weather is warmer and sunnier, while the energy that comes from the wind
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is most useful during the winter months, when the weather is colder and windier.
Consequently, the integration of renewable sources of energy offers higher levels of
performance and output reliability than do standalone systems throughout each and

every cycle of the power production system [61].

The goal of the hybrid energy systems is to maximise the amount of electricity
generated by combining renewable sources of energy like solar and wind with grid-
connected control mechanisms. The advantage of having a power generating unit that
is tied to the grid is that in the event that there is a disruption in the generation of
electricity derived from solar or wind sources, the grid may function as a source or as
a backup system. The grid is used to store any extra energy that is produced by
renewable resources, and this energy is then used to satisfy any load demand that may
arise. Hybrid power production is going to be the greatest option in the near future
since seasonal changes for the wind and sun could be overcome by combining the
energy, and output performance could be enhanced. This will make hybrid power

generation the optimum answer in the approaching future [61].

Wind
— ‘_‘
——ueg
I ‘ |4— Load
]
solar wind hybrid controller .,-,._ ]
(S22
Pure sine wave inverter
Battery
AR
—>

Figure 3.12. Hybrid solar and wind energy sources represented diagrammatically.
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Figure 3.11 shows the concept for a hybrid power generating system that uses both
solar and wind energy. Before either the grid or the load can be powered, the two
different sources of energy are merged using various control mechanisms. The solar
energy that would be captured from the sun is routed through a converter with the use
of MPPT technology to produce a controlled DC output. After that, an inverter
converts this output into an AC output. The generator then takes the mechanical energy
that was created by the turbine of wind and converts it into electrical power, which is
then sent into the inverter. The output from both generators is blended before being
sent to the AC grid. Since the changing patterns of the sun and the wind throughout
the year, and because continuous power production requires the use of wind and solar

power, hybrid systems have an important function [62].

Wind

Control Inverte Grid

Solar

Load

Figure 3.13. Block diagram of hybrid energy system.

A hybrid energy generating system that makes use of solar and wind power is seen in
the block diagram that can be found above in figure 3.12. The illustration provides a
general sense of how the hybrid system works. That tracking approach is utilised to
use the greatest possible amount of power from the energy resource, and the energy
from the sun is caught and converted for the purpose of creating power for that method.
Perturb and Observe seems to be the technique of tracking that is utilised (P&Q). The
electricity that is used is routed via a boost converter, which increases the amount of
power that the output of dc power supplies to the inverter. The inverter changes the
direct current to alternating current. The input is converted to Alternatve Curent (AC)
using a three phase inverter so that it may be sent to the grid and utilised to satisfy the

requirement for energy. In a similar fashion, the energy that is derived from the wind
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may be converted into a form that is usable by using a wind turbine, which measures
the rotational speed of the wind and converts it into mechanical energy. The generator
takes the kinetic energy from the wind and converts it into electrical energy. A
synchronous permanent magnet generator is employed in the generation process. The

electricity that is produced is fed into the grid in order to satisfy demand.

3.7. Study Area

Rutba is an Iraqgi city located in western Iraq within the administrative Al-Anbar
Governorate. The city has a population of about 41,000 people, 645 meters above sea
level. It is the center of Rutba district. Administratively, it has two sub-districts: Al-
Walid and Al-Nakhaib, which is a link between Al-Anbar and the Kingdom of Saudi
Arabia and jorden respectively. Many of its residents migrated to the Saudi city of
Arar. The city is characterized by a mild climate in summer with light rains. Its mild
climate is due to its location in a high area and exposure to northern winds, which had
a reason to soften its climate in the summer. It also passes through two valleys, Hauran
and Al-Massad. And there are minerals such as iron, aluminum, zircon, glass, kaolin,
and bentonite in its land. It is 310 km away from the center of the province, and it is
the nearest city to it, and 320 km from the city of Al-Qaim. Rutba borders three
countries: the Kingdom of Saudi Arabia, the Hashemite Kingdom of Jordan, and the
Syrian Arab Republic. Rutba was the Iraqi border post for those traveling to Jordan
and Syria. Before the establishment of the Karama Borders Center in Trebil, it was
mentioned in the book (Geography of Iraq and the Arab Countries) printed in 1947
AD that Rutba was “the first Iraqi village that was established as a result of finding a
number of fresh wells. Both the Iragi border with Jordan and the Iraqi border with
Saudi Arabia are around 110 kilometres apart from Rutba as shown in figure 3.13
[41].
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Figure 3.14. The location of the study area.

Rutba is one of remotest sub-district in the west of Iraq province . it is located at 8°
44'43" south latitude and 115° 32"21" east longitude on the astronomical map. As
indicated in figure (3.13), this region receives an average light intensity of 5.34
kWh/m2/day, with an average wind speed of 4.4 m/s, an average air temperature of
27.2° C, and an average humidity of 79.5 percent. As a result, the region's wind and
solar energy potential deserves to be classified as a source of renewable energy power

plants.

Figure 3.15. Location of rutba city
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The usage of a solar and wind hybrid system will be more efficient than using the two
systems separately. Both of these energy sources will be complimentary, with the solar
system dominating in the dry season and wind power playing a larger role in the rainy

season .

Implementation of solar and wind power generation is carried out in line with the anbar
government project to achieve the 'anbar go green, go clean' which is one of the

projects submitted by Irag on Climate Change .

3.7.1. Rutba city's generating system

The power system consist of Rutba are diesel generators. This system has 15 diesel
generating units (10 units Cummins diesel engine and 5 unit cater paler diesel engine).

The interconnection of generation system in Rutba is shown in Figure (3.15).

Rutba is one of iraqi’s most remote islands, located off the coast of anbar. This area's
electrical grid is separate from Anbar's grid , which is supplied by a 20 kV
interconnection of hybrid solar-wind-diesel power stations. The average solar
radiation is 5,34 kWh/m2/day, with an average wind speed of 4,4 m/s. This
circumstance might be used to construct a renewable energy power plant in this
location. Anbar is one of Iragi's provinces, having a land area of 5636.66 km2, or 0.29
percent of the country's total area. The tourism sector is the backbone of the Anbar
economy, and it requires a reliable electrical power supply. The energy of Rutba
infrastructure is supported by 15 major diesel generators with a combined capacity of

1 MW per generator , which are connected to general network through Iraq .
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Figure 3.16. The power system plant in Rutba city.

At the beginning of the operation, this power plant system is running well. Until this
time and the total energy generated by this units reached 110 MWh per day in total.
The energy produced is equivalent to 25,000 liters of diesel per day. Taking into
account the price of diesel fuel 4%/ liter at the time and 2$/liter of lubricate engine .in
addition to this, the cost of repair is also too expensive in comparing with the other
source of energy . besides ,the pollution result from the engine. It can be produce one
million of diesel fuel produce 2.5 ton of co,.it is leads to increase pollution to

environment.

3.8. Full-Model Architecture

In this chapter we will explain the implementation of one MW hybrid wind-solar
system in the west of iraq by using matlab program and the data that have received
from retscreen program with energy storage is the system under discussion. A 400 kW
grid-connected turbine of wind that employs a battery bank that is coupled to a
bidirectional DC-DC converter for energy storage after a PMSG with a generator- and
grid-side controller and converter architecture is connected to a bidirectional boost-
buck converter. The suggested system architecture is shown in Figure 3.16, which also
shows a 600 kW PV array that is coupled to a boost DC-DC converter and is controlled
by a Perturb and Observe (P&QO) algorithm block for power point tracking.
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Figure 3.17. Hybrid power generator of wind solar system architecture.

In figure 3.18 shows the Simulink model of hybrid solar-wind power in matlab

program.

Figure 3.18. Simulink of hybrid power of wind-solar system in matlab.
3.9. Conditions Of The Hybrid System Location

3.9.1. Retscreen expert

The platform that is RETScreen® Clean Energy Management Software makes it

possible to prepare for and execute low-carbon strategies, as well as monitor and report
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on their progress. Management software for environmentally friendly energy sources
[1]. A complete software platform that allows experts and decision-makers to quickly
assess and verify the actual and ongoing energy performance of buildings, industries,
and power plants located all over the globe in an intelligent and easy-to-use manner. In
addition to this, it helps them to rapidly discover and evaluate the profitability of
proposed initiatives including energy efficacy, sustainable sources, and cogeneration.

3.10. Instlation Of Solar-Wind In Rutba City

Natural and environmental elements, such as solar radiation, temperature, rainy days,
air pressure, humidity, wind speed, and others have a significant impact on the use of
renewable energy. The environment must be taken into account in order to maximize
the contribution of hybrid plants, particularly wind speed and solar radiation, which
are key contributors to the production of electrical energy.by the using data of retscreen
program ,the weather condition of Rutba city are more efficient to build the hybrid of
solar-wind station as shown in Figure (3.19.)

Unit Climate data location Facility location Source
Latitude 330 330
Longitude 403 403
Climate zone 2B - Hot - Dry - NASA
Elevation m - 637 621 NASA — Map
Heating design temperature C - 17 NASA
Cooling design temperature C - 362 NASA
Earth temperature amplitude R - 26.1 NASA

Daily solar Heating Cooling
radiation - Atmospheric degree-days degree-days
Month Air Relative humidity Precipitati horizontal pressure Wind speed  Earth temperature 18°C 10°C
“C - % mm - | kwh/m¥d - kPa - m/s - °C - °C-d - *c-d -

January 6.1 61.0% 1147 2,66 944 4.0 5.7 369 0
February 7.9 54.8% 11.48 3.60 943 44 7.9 283 0
March 122 43.4% 8.06 484 94.1 43 128 180 68
April 184 328% 6.60 5.97 929 43 196 0 252
May 241 259% 248 7.25 938 42 26.1 0 437
June 282 212% 030 835 926 46 306 0 546
July 205 213% 0.00 7.93 933 4.8 328 0 636
August 304 21.8% 062 7.23 934 4.1 325 0 632
September 269 23.6% 030 6.03 938 35 284 0 507
October 214 32.3% 558 424 942 35 220 0 353
November 132 48.1% 12.60 2.93 944 36 13.1 144 %
December 76 59.6% 930 2.23 945 38 7.2 322 0
Annual 19.0 37.1% 68.79 5.28 94.0 4.1 20.0 1,298 3,528
Source NASA NASA NASA NASA NASA NASA NASA NASA NASA
Measured at m v 10 0

Figure 3.19. Weather condition in Rutba city.
3.11. Climate

Rutba is a city located in the Al-Anbar Governorate of western Irag. The city has a hot
desert climate, also known as a BWh climate under the Koppen climate classification
system. This type of climate is characterized by extremely hot summers and mild

winters, with very low precipitation throughout the year.
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In Rutba, summers are long, hot, and dry, with average high temperatures reaching up
to 43°C (109°F) in July and August. Nighttime temperatures in the summer months
are relatively cooler, dropping down to around 24°C (75°F). Winter temperatures in
Rutba are mild, with average high temperatures in the range of 17-21°C (63-70°F) and

average low temperatures around 5-8°C (41-46°F).

Precipitation in Rutba is extremely low, with an average annual rainfall of only around
72 mm (2.8 inches). Most of the rainfall occurs during the winter months, from

December to March, with little or no rain falling during the summer months.

The city is also prone to sandstorms, which can occur throughout the year but are more
common during the summer months when hot, dry winds blow over the desert. These
sandstorms can cause Visibility issues and respiratory problems for the residents of
Rutba.

Overall, the climate of Rutba is characterized by hot and dry summers, mild winters,
and very low precipitation throughout the year, which is typical of the desert regions

in western Irag.
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Table 3.1. Climate data for rutba.

Month Jan Feb Mar  Apr May  Jun Jul Aug Sep Oct Nov Dec Year
Average high °C (°F) 12.8 156 198 254 315 36.0 382 37.8 36.1 298 215 14.4 26.6
(55.0) (60.1) (67.6) (77.7) (88.7) (96.8) (100.8) (100.0) (97.0) (85.6) (70.7) (57.9) (79.8)
Average low °C (°F) 1.1 2.2 3.3 102 152 185 211 21.1 173 128 7.2 2.7 11.1
(34.0) (36.0) (37.9) (50.4) (59.4) (65.3) (70.0) (70.0) (63.1) (55.0) (45.00 (36.9 (519
Average precipitation 16 13 17 19 10 0 0 0 1 6 16 19 117
mm (0.6) (05 (0.7) (0.7) (0.4) (0 (0) (0) (0.0) (0.2) (0.6) (0.7) (4.6)



https://en.wikipedia.org/wiki/Precipitation

4, RESULT AND DISCUSSION
4.1. Estimation Of Real Condition

It is vital to measure the daily solar radiation intensity and wind speed to ascertain how
much weather fluctuations affect the production of solar and wind power stations, it
can be clearly seen from data in figure 4.1 that the solar radiation increased gradually
with air temperature from 5 ¢%in January until reach to the peak point at July 27.2¢°

after that is has been decrees to 7¢° at December.

Figure 4.1 shows the climate data values based on relationship between Air
temperature and daily solar radiation-horizontal (kwh/m?/d), June month records the
highest solar radiation, while months July and August record highest wind speeds due

to increase the wind speed with reduce the air humidity.

Jan Feb march April May June July August Sept Oct Nov dec

Figure 4.1. Daily of solar radiation per month.

In figure 4.2 illustrates the wind speed and the air temperature from January to
December. Figure 4.2 shows the climate data values based on relationship between Air
temperature and wind speed, July month records the highest solar radiation, while
months July and August record highest wind speeds due to increase the wind speed

with reduce the air humidity.
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Figure 4.2. daily of wind speed per month.
4.2, Matlab Model of Hybrid Solar-Wind

4.2.1. PV simulink model

Simulink was used to build the Simulink model of the PV cell depicted in Figure 4.3
using circuit components from the SimPowerSystems package.

Lﬂ}

Figure 4.3. Using circuit components in matlab simulink.
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Figure 4.4. DC current and voltage of pv solar cell.
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The photovoltaic power of solar cell is calculating by using equation 4.1:
Ppy = Ipy * Vpy (4.1)

Due to the direct relationship between the PV voltage and its output power, as the
photocurrent increases, the output power likewise varies as a result of voltage
fluctuations, as depicted in Figure 4.5.

Scope2 X

File Tools View Simulation
elle®w » sallmllF @

15

Ready Sample based T=1.000

Figure 4.5. Power of pv solar cell .
4.2.2. Simulink model of a complete grid-connected wind turbine

The system of wind turbine was built as shown in Figure (4.6) and then masked into
a block in Simulink as shown in Figure (4.7) once the components had been expanded
with the appropriate equations and graphics. Figures illustrate how the full model was
simulated. The system was simulated under standard circumstances, with the wind

speed set at 10 m/s.
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Figure 4.6. Wind turbine system.

Turbine and Drive Train

Wind Turbine
Drive Train Power base for the Generator

Figure 4.7. Turbine drive.

Control

Vabc_grid[> vabe_grid

. Inverter_Pulses <JInverter_Pulses]
labc_grid convl> labe_grid_cony
Vabc _LL statorl> vabc_LL_stator

— Boost_Pulse [Boost_Pulse]

[labc stator]

Scope

Qref pu
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Figure 4.8. Control of wind turbine.
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Figure 4.9. Output of wind turbine system.

IScupe X
1 File Tools View Simulation

el e @ w = =[[aE- £ @l

‘Ready Sample based T=1.000

Figure 4.10. DC bus voltage from the wind turbine.
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Figure 4.11. Pulse of real and reactive power.
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File Tools View Simulation
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Figure 4.12. Rotor speed of wind turbine.
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4.2.3. Hybrid of solar model in matlab simulink

Figure 4.13. Hybrid system.

The short circuit types created by three-phase fault block cause the most common type
of faults such as balanced three-phase (3®) fault, line-to-line (LL), single line-to-
ground (SLG), and double line-to-ground (DLG) faults. Fault was launched in between
0.08 - 0.1 second in convenient to the analysis of the power system. The use of fault
blocks enables the selection of the appropriate relay and the circuit-breaker and also

the suitable relay coordination with respect to the consisted short-circuit currents.

Scopel - %

File Tools View Simulation

all 4@ w - =lallml £ @l
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] Three-Phase V- Measurementl/signal:1l |
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2 - ! - ! —_— o — ! ! - 4 —
“ ™, /_\\
o /;\ | AN s EaN N
2 — \_/ — h — . -._.-r/ — -
-4 - -
-6
I | | | | I
T T T T T T T
Three-Phase V- Measurement1/signal:1
[~ Three-Phase V-l Measurement1/signal:2
51 T | T l Three-Phase V- Measurement1/signal:3 [
0 e e e e e e
5 |- .
| | | | | I
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Ready Sample based Offset=0.9 T=1.000

Figure 4.14. Power transmission voltage for scope 1.
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Figure 4.15. power transmission voltage for scope 2.
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Figure 4.16. Power transmission voltage for scope 3.
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4.3. System Performance And Cost Analysis

4.3.1. System performance in practice

For the years 2018 to 2021, the monthly average sunshine and daylight hours for Rutba

were collected online and shown in Figure (4.17) .

The average numbers were relatively comparable over the session of the four years,
therefore it was assumed that the values displayed were accurate for the most recent

period (namely December 2020).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Oy Average Sunlight o1 07,13 07:56 08:32 09:40 11:36 11:13 11:25 10:32 08:48 07:06 06:15 08:52

) Hours/ Day
su. Average Daylight
v Hours & Minutes/ I 10:56(11:55 11:16(10:24|09:58
Day
;7 Sunny & (Cloudy) 64
Dovignt Hours 38y (33 (33) (3 G%) (6) @0) (9 a9 @D G @ 4@
Sun altitude at A o o ~ ®
@ N 5 ! : 9 = o @ [ =
solar noon on the ,o° o A % %) o N %} A e o Gy A
21st day (). ) i 6 N % N %) %) b ) o) %)

Figure 4.17. Monthly average sunshine and daylight hours online [2].

The average monthly solar irradiation was required to simulate and monitor the
quantity of power generated by the suggested PV system, and it was acquired from
internet sources [3]. Rutba's average monthly irradition levels are displayed in Figure
(4.18). The solar panel's placement was hypothetically changed to maximize the
amount of sunlight. Figure (4.18) illustrates how much higher the sun irradiation is in
comparison between month , the summer from May to August have a hight rate from
other months. Since the irradition values were consistent over the session of the
previous four years, it was thought that they would be accurate in 2020.
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Solar Irradiance figures

Select Country: "fﬂq l ‘

Select Town/City: ‘Ar Ramadi i ‘

Solar Panel direction: ‘FHCi"EI directly South h ‘
Ar Ramadi

Average Solar Insolation

figures

I\ Measured in kWh/m%/day onto a

solar panel set

ata 57° angle:

(For best year-round performance)

Jan Feb Mar Apr May Jun
3.89 4.66 5.45 5.63 6.18 6.93

Jul Aug Sep Oct MNov Dec
6.63 6.63 6.29 484 360 3.44

Figure 4.18. Solar radiation received on average each day of each month of the year.

The following equation was used to compute the PV system's hourly energy output:

kwh = P,,(kw) X numberof hours of day light (h)

(4.2)

The power generated by the PV system was calculated by modelling it for various

average monthly solar irradiation values shown in Figure 4.18 for the PV system

shown in Figure 4.16. The insolation numbers shown in Figure 4.18 were in KWh/m2,

therefore they needed to be converted to W/m2, and the formula below was used to do

SO:

1000

w w
solar irradiation—2 = solar irradition < 5 )
m m

. number of hour of day light

(4.3)

The number of kwWh produced by the PV system was then computed using equation

4.2, and the results were noted in Table 4.1.
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Table 4.1. Average monthly kwh that a PV system produces.

Hours of A;ﬁ;fge dagllglt:x]vh Average monthly  Average yearly kwh that
Month daylight on p(;/ y solar radiation a pv system produces
average produces Kwh/ m? Kwh
Kwh
Jan 10.12 3.89 348.38 987,120
Feb 10.56 4.66 441.2 1,071,360
Mar 11.55 5.45 471.8 1,118,880
Apr 12.58 5.63 4475 1,380,240
May 1351 6.18 457.4 1,447,200
Jun 14.18 6.93 457.43 1,524,960
Jul 14.06 6.63 471.5 1,501,200
Aug 13.20 6.63 502.2 1,518,480
Sep 12.19 6.29 516 1,421,280
Oct 11.16 4.84 433.7 1,276,560
Nov 10.24 3.6 351.56 1,103,760
Dec 09.58 3.44 359 965,520

Next, the online data for Rutba monthly average wind speeds from 2018 to 2021 is
shown in Table 4.2. Online meteorological databases show that compared to other

months, Rutba’s spring season (February to April) has generally higher wind speeds.

This demonstrates unequivocally that a technology for generating wind energy would
generate more energy in the spring than in other seasons. The data also reveals that
The same month's monthly average wind speed may occasionally change dramatically
from year to year. These variances are evidence that there will be significant changes
in the wind generator's monthly energy output component of the wind-solar hybrid

system.

Table 4.2., Average monthly wind speed in Ratba, Iraq from 2018 to 2021

Month 2018 2019 2020 2021
Jan 45 4.4 4 4.2
Feb 4.7 4.8 4.3 45
Mar 4.2 4.9 3.8 4.8
Apr 4.0 4.2 3.6 3.7
May 5.1 4.7 4.2 4.9
Jun 4.1 5.2 4.5 5.2
Jul 3.8 4.7 4.3 4.8
Aug 3.9 4.6 4.9 4.3
Sep 4.3 4.2 5.1 5.3
Oct 4.8 4.4 4.8 4.8
Nov 5.0 55 5.8 5.3
Dec 5.2 5.7 6.1 6.3

After obtaining the fluctuations in Rutba's average monthly wind speeds, Table 4.3.
entry for the output power of the wind generator system throughout 2018 can be found

in Figure 4.12.
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Table 4.3. Average monthly wind energy produced in mw.

M Monthly average wind Average monthly wind energy produced
onth . .
speed (m/sec) mw in each turbine

Jan 4.2 100.6

Feb 4.5 140

Mar 4.8 170

Apr 3.7 45

May 4.9 175

Jun 5.2 195

Jul 4.8 170

Aug 4.3 125

Sep 53 195

Oct 4.8 170

Nov 53 205

Dec 6.3 290

It was determined that the total MWh generated by wind turbines that are dependent
on varying wind speeds is equivalent to the kW of power generated per hour (because,
unlike solar irradiation, wind is never completely absent during the day).Thus, the

overall kwWh generated by the wind-solar hybrid system was calculated.

The estimated data that have been aqcuired from minstry of electricityfor one generator
of Rutba, average monthly consumption data were acquired to figure out how much
this entire amount of kWh can add to the overall amount of MWh consumed by one
suburb in Rutba City. The data was collated in Table 4.4, and it was from this that the

amount of energy (MWh) used by the wind-solar system was calculated.

Table 4.4. Contribution of monthly MWh production from solar and wind energy.

Average monthly
production of mwh Wind  Solar

Percentage of

Rutba city's average monthly 0. " =

Month from the wind and (mw)  (mw) mwh consumption f_o reach contribution
suburb per unit

solar system %
Jan 182.8 100.6 82.2 720 12.59
Feb 229.2 140 89.2 700 14
Mar 263.2 170 93.2 680 15
Apr 160 45 115 713 17
May 295 175 120 800 16.16
Jun 322 195 127 815 17
Jul 295 170 125 789 17
Aug 251 125 126 770 17.4
Sep 313 195 118 782 16.4
Oct 276 170 106 792 14.5
Nov 296 205 91 805 12.5
Dec 370.4 290 80.4 900 10.3
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Figure 4.19. Contribution of monthly MWh production from solar and wind energy.

A column chart is used in Figure 4.19 to compare the total monthly MWh produced
by the wind-solar hybrid system with the total MWh consumed by the suburbs in Rutba
city.it is cleary seen from data that production of solar wind energy fluctuated during

a year.the peak value recorded in December while the minimum in April.

4.4. A Wind-Solar Hybrid System Cost Analysis

One question that is frequently asked prior to RES installation is "How much does
wind-solar electricity cost?" Here, there are essentially two questions that require

distinct responses:

1. How much does installing solar power cost up front? In other words, how much
does it cost to establish a system that provides a certain peak power and a
certain amount of energy storage today?

2. How much does solar energy cost during its lifetime per kilowatt-hour? In other
words, how do the costs of grid power and wind energy compare?

The questions were addressed using the following strategy:

1) The cost of each significant component must first be determined in terms of user-
specified variables. The main parts are batteries, inverters, wind turbines, and solar

panels.
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The cost of the entire system will be in the thousands of euros. The following user-
specified factors will be taken into consideration: a day's total energy production and

consumption, the typical number of hours of sunshine, and the average wind speed.

2) After determining the component prices, they should be totaled together to generate
straightforward equations or formulas that can be used to determine the answers to
each of the questions above.

The results should be seen as upper bound estimates because the numbers given below
are quite cautious and include installation charges. To make the calculations simpler,

simple numbers have also been rounded up to the nearest simple number.

4.5. Cost of PV Panels in Relation to Energy Consumption

The kind and quantity of solar panels one uses affects the peak electricity they can

produce:

Ppeak panets = number of penal = power per penal (4.4)

Although the solar panels will undoubtedly provide the energy used by the appliances,

it is not necessary for their peak output to match the peak power consumed:

Ppeakusge: N0t necerairy equal to: Ppegk panel (4.5)

Instead, the entire quantity of energy that must be produced each day must be used to
calculate the peak power of the solar panels and, consequently, the number of solar

panels.

By designating the energy generated by the PV system as E produce , this value needs
to match the daily energy consumption of the PV system in order to:

Eprodused = Eysed (4.6)

Equation 4.1 is used to specify the energy in KWh.

By using Table 4.4, the projected PV system's average daily objective for E, ;.4 IS

800kWh. irag's system charges about 15 cents per kilowatt-hour for electricity. It is
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important to know the average amount of sunlight hours per day every month, which

is Tsun, in Order to calculate the daily electrical expenditures, where:
Tsun = average hours of sunshine 4.7)

8.25 hours per day on average was discovered to be the value of (Table 4.1).
Therefore, if the grid consumes 500 kilowatt-hours per day and the cost of electricity
Is approximately 14 cents per kilowatt-hour, one's PV electrical expenditures would
be about 57,750,000 $ per day, or almost 1,732,500,000$ per month.

It is possible to express the above in writing by using the power and energy formula:

P _ Eused
peak,panel — I
sun

(4.8)

A study of recent market prices revealed that the price of buying and installing a PV
panel in iraq is roughly 1.20$/W. As a result, the solar panels' initial cost per KW is

800$. So, depending on energy consumption, the price of the solar panels will be:

Eused) * 800$ (49)

COStpaner = ( =

TS un

As a result, the cost of the PV panels for the proposed PV power generation system

will be roughly:

600kwh) 800%
*

= ~ 4.10
COStpaner (8_25h — 58181% (4.10)

4.6. Cost of Wind Turbines in Relation to Energy Consumption

A study of recent market prices revealed that the price per KW to buy and install a wind
turbine ranges from roughly 1500% to 2000$. is almost equal to 2000$ if the cost of a
wind turbine is believed to be the average of the previously indicated figures. Now, if
it is assumed that the wind turbine has an operating power of 600 kW (based on Table
4.4), it can be said that:

COStpaner = (Pavg,wind) * COStyy¢ (4.11)
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Cost wt will therefore roughly be:

1500%
cost,,; = (400kw) * = 600000% (4.12)

4.7. Cost of an Inverter in Relation to Required Peak Power

When constructing a solar system, one must be aware of two different types of power
requirements: the peak power given to the load and the peak power produced by the
solar panels by the system. The total maximum power level that can be anticipated to

be used by appliances in a home is represented by the peak power delivered to the load.

The size of the system's inverter truly determines how much peak power it can

produce:

Ppeak,usage = Fpeak,inverter (4-13)

As a result, the cost of the inverter depends on the peak power used and is as follows:

400

COStinperter = peak,usage * kw (4-14)

Therefore, the cost of the inverter will be around 400,000 $ if it is anticipated that one
uses the entire 1000 kW peak output from the inverter systems of the proposed wind

system.

4.8. Battery Costs in Relation to Energy Use

The quantity of energy (stored in batteries) that may be used after dark, especially
when there is little wind, depends on the amount of energy stored. Depending on how
many and what kind of batteries are used in the system, a certain amount of kWh can

be stored:

Egiorea = Energy battery * number of batteries (4.15)
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Deep cycle batteries often only last 3 to 10 years, depending on how well they are
maintained (overcharging, overdrawing, etc. must be avoided, for example). Currently,

batteries cost around 500$ per kWh of storage.

500%

COSlpatteries = Twh (4.16)
Therefore, the price of batteries as a function of energy used is
500%
COStyatteries = Eused * kwh (4.17)

Assuming that the lead-acid battery used in the photovoltaic system has a maximum
output of 5000h x 100 = 5000000 h, or 500kWh, the batteries will cost roughly:

$
4 4.18
- 250000% (4.18)

COStpatteries = D00kwh *

4.9. Cost Calculation Up Front

The cost of the PV panels, wind turbine, inverter, and batteries when added together

is as follows:

COStupfront = COStpanels + COStwt + COStinverter + COStbatteries
(4.19)

~ 58181% + 600,000$ + 400,000$ + 250,000% ~ 1,308,181$

4,10, Return Period

The total average MWh produced monthly by the hybrid wind-solar power system was
calculated using the information from Table 4.4 and was discovered that the average
of mwh per month around 573 MWh aproximatly . This information was used to
determine the approximate time it takes for the investment to pay for government it
self . As a result, the daily average kWh generated by the wind-solar system will be
573mw <12 =47.787Mw per day. The cost of the wind-solar system's total daily of
47.787TMW will be =47.787Mw*15$=716 $ or 261,636.2 $ for a year of use. This is
because energy costs approximately 0.15%/kWh in irag.
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Payback period =

1,308,181, $

2616362 - >Years

4.11. Comparing Result With PVSYST Software

(4.20)

PVsyst is a software program widely used in the solar energy industry for the analysis,

design, and optimization of photovoltaic (PV) systems. It is a comprehensive tool that

helps engineers, researchers, and solar professionals evaluate the performance and

financial viability of solar power projects.

For the design and estimate of the cost parameters of the solar PV power plant, one of

the most often used softwares is PVSyst. This software offers outcomes that are almost

closer to those predicted by theory because to its many options and built-in

capabilities.By camparnig the result mesurment with the rusult of pv syst .

After entering the system's data, including system size, geographic location, and the

type of devices utilized, into the pvsyst program , the same theoretical results appeared

as depicted in the diagram below figures (4.20-4.24).

® Results, variant VC1 "New simulation variant™

Simulation parameters

Project New Project PV Array

Site Ar Rutbah PV modules LR5-66HIH-500M G2

System type Grid-Connected Nominal power 1200 kp
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Daily Input/Output diagram
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Spedific prod. 2005 kwhfkWip/yr  Array losses
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Figure 4.20. Result of PVSYST program in rutba city.
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Figure 4.21. Total cost of solar system.
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Figure 4.22. Payback cost of solar system over 25 years.
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Figure 4.23. Cumulative cashflow in PVSYST.
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Figure 4.24. Economic result of solar system.

4,12, Co2 Emessions With PVSYST Program

By installing the hybrid solar-wind system instead of diesel generator, it means that
we can saved 52244.869 metric tonnes of CO2 and supply the grid with 2406.9 MWh
for 30 years as showen in figure (4-25).
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Figure 4.25. Saved CO2 emission.
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5. CONCLUSION

Matlab/Simulink is going to be the primary tool that will be used in the investigation
of a hybrid photovoltaic/wind power generating system that will be used in a grid-
connected application. The estimation of the solar irradiance and wind speed data in
the areas of Rutba was done as a reference to establish the feasibility, and with the
availability of energy, it is feasible to propose and construct a model. This was done
in the process of proving that it is possible. A solar irradiation of 5.68 kWh/m2 /day is
typical for the areas of Rutba, which also have an average temperature of 28 degrees
Celsius. On average, Rutba receives roughly 8 hours of sunlight every day, which
contributes to the state's high level of solar exposure. According to a research, the
regions of Rutba have a rich reservoir of wind energy, with a mean wind speed of 12.9
mph, which may be used to generate electricity. Both the terrain and the wind direction
have a significant impact on the wind speed. The generation of power from a single
source of renewable energy is not sufficient to meet the load demands; consequently,
a hybrid PV-wind model has been proposed as a means of compensating for the
impacts of environmental factors and climate changes of the resources that impact the
continuous the operation of electricity generation. The Observe and Perturb Maximum
Power Point Tracking (P&O MPPT) approach is utilised for efficient tracking of solar
energy, and a boost converter is employed to decrease fluctuations at the inverter that
converts DC power to AC power. Sinusoidal alternating current electricity is produced
by wind energy systems that use permanent magnet synchronous generators. To
achieve the requirements, a combination of these two energy sources is used to power
the grid. Matlab/Simulink was used to create a model of the hybrid system, and the
output has been checked. The findings indicate that the output of the system is affected
by both the temperature and the amount of solar radiation. Although a rise in temp
causes a fall in the magnitude of voltage, which in turn leads to a reduction in power,
an increase in solar irradiation results in an increase the magnitude of current, which
concurrently results in an increase in output power. Wind speed and wind direction are
two of the most important parameters that influence the output, and the findings reveal

that sinusoidal AC power is generated with only very tiny changes as a consequence



of variations in wind speed. The output of the hybrid system is around 1.5 megawatts
when taken as a whole. The production of clean energy results from the combination
of these two renewable sources for the creation of electricity in order to satisfy the

needs.

5.1. Future Scope of The Thesis

However, there are concerns with the power quality, which affects the operation of the
entire systems. The thesis is effective for the continuous production of electricity.
Power quality problems typically involve voltage sag, voltage swell, harmonics, and
transients, all of which primarily work to lower the quality of electricity generated by
solar and wind energy. The use of electronic gadgets that consume more power also
has an influence on the energy production, which may lead to swings. It is advised that
several strategies be used in order to address the power quality difficulties. Some of
these techniques include incorporating static compensators, series type LC filters, and
UPQC. DSTATCOM contributes to the reduction of harmonics, the correction of the
power factor, and the balancing of the load. STATCOM is utilised because maintaining
stability is important. Recording the data from the sun and the wind requires the
employment of more sophisticated technologies in order to be able to get an estimate
of the power required for a constant energy supply. There is a variety of MPPT

technology available for use in the monitoring of the resources.
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