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ABSTRACT 

 

 

 

Energy is very important for countries growth and economy. The global warning of 

using fossil fuel to generate electricity increase which plays an important role to 

increase the demand for renewable energy to generate electricity. Renewable energy 

is the energy that collected from renewable sources like Solar, wind, waves and 

others. The problem of renewable sources that is unexpected and have intermittent 

nature. This thesis contain modeling of Photovoltaic renewable energy system to 

produces maximum 10 KW/h. Moreover, the study contains modeling of wind 

energy system to produces 14 KW/h. Reducing the effect of the intermittent nature 

of renewable sources on the electricity generation is a challenging task. The end of 

the project are proposed a hybrid modeling of both the PV and the wind systems by 

using DC link  using Matlab 2017b Simulink software. The case study suffer huge 

shortage of electrical power production. The maximum power is 24 KW/h  obtained 

using hybrid system. The demonstrated system as standalone or grid off system due 

to targeted the rural electrification. The resulted hybrid system noticed that it’s 

improve the power and the under worst case which the system tested on it the battery 

can charge and the system ready to extra load. 
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ABSTRAK 

 

 

 

Tenaga amat penting untuk pertumbuhan dan ekonomi sesebuah Negara. 

Peningkatan amaran global dalam penggunaan bahan api fosil untuk penjanaan 

elektrik memainkan peranan penting bagi meningkatkan permintaan untuk 

menggunakan tenaga yang boleh diperbaharui bagi menghasilkan tenaga elektrik. 

Tenaga yang boleh diperbaharui ialah tenaga yang diambil daripada sumber yang 

boleh diperbaharui seperti angin, ombak dan lain-lain. Masalah sumber yang boleh 

diperbaharui ini ialah ianya tidak dapat dijangka dan bersifat intermiten atau tidak 

tetap. Kajian ini mengandungi model sistem tenaga yang boleh diperbaharui iaitu PV 

(photovoltaic) untuk menghasilkan tenaga maksimum 10 KW/h. Selain itu, kajian ini 

juga mengandungi model sistem tenaga boleh diperbaharui iaitu angin untuk 

menghasilkan 14 KW/h. Mengurangkan kesan sifat intermiten pada sumber yang 

boleh diperbaharui untuk penjanaan elektrik adalah tugas yang mencabar. Untuk itu, 

projek ini mencadangkan pemodelan hibrid bagi PV dan sistem angin dengan 

menggunakan DC link. Sistem ini telah dimodelkan dan diuji menggunakan perisian 

Matlab 2017b Simulink. Sistem ini berdasarkan negara Iraq sebagai kajian kes akibat 

kekurangan besar dalam pengeluaran tenaga elektrik di negara tersebut. Kuasa 

maksimum yang dihasilkan ialah sebanyak 24 KW/h diperoleh dengan menggunakan 

dua sumber yang boleh diperbaharui secara serentak. Sistem yang ditunjukkan 

adalah sebagai sistem mandiri atau sistem grid berdasarkan kepada sasaran elektrik 

luar bandar. Rekabentuk hibrid yang dicadangkan menepati dan berjaya dengan 

dapat menampung lima buah rumah di kawasan luar bandar yang sukar 

disambungkan ke grid negara.  
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

1.1 Background  

 

For progress of country, utilizing resources and producing energy have a significant 

role because it is core requirement for industries, agriculture, commercial purposes. 

The demand for energy is growing day by day [1]. The main resources of energy are 

coal, fossils, oils and other gases. But there are restrictions on using these resources 

because of its dangerous nature and dangerous to environment. There is need of 

clean energy sources due to global warming and pollution in atmosphere [2].  

Nowadays all emphasis is on Eco green energy which is producing energy 

deprived of damaging environment. In that case we have choice of renewable energy 

sources [1]. Renewable energy is certainly refilled on a human timescale like 

sunlight, wind, rain, tides, waves, and geothermal heat [3]. Renewable energy rely 

on natural situation such as solar rely on the weather like if it cloudy atmosphere 

then it’s hard to rest on single renewable energy source as individual energy 

resource, in this circumstance the tendency of mix energy system has been 

progressed in previous decade and it   caught great consideration from investigators . 

The Hybrid Renewable Energy Systems (HRES) is comprised renewable and 

conservative one energy source each or can contain more than one sources of both 

renewable and conservative energy. HRES is becoming attractive for individual 

power generation in inaccessible locations because of the advances in renewable 

energy machineries and power automated tools and converters to transform the 

lenient power produced from renewable sources into valuable power.  

https://en.wikipedia.org/wiki/Orders_of_magnitude_(time)
https://en.wikipedia.org/wiki/Sunlight
https://en.wikipedia.org/wiki/Wind_power
https://en.wikipedia.org/wiki/Rain
https://en.wikipedia.org/wiki/Tidal_power
https://en.wikipedia.org/wiki/Wave_power
https://en.wikipedia.org/wiki/Geothermal_energy
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The significant characteristic of HRES is to mix renewable power generation 

tools to have preeminent practise of their effective features and to find competences 

more than that might be attained from a solitary power source. Hybrid systems can 

address restrictions of fuel flexibility, effectiveness, consistency, productions and 

finances [4]. Hybrid energy system is an outstanding clarification for electrification 

of distant countryside areas and where the grid allowance is challenging and not 

inexpensive. Such system integrates a grouping several renewable energy sources 

like wind energy, solar photovoltaic, micro-hydro and may be conservative 

producers for backup [5].  

Solar-Wind hybrid Power system is the joint power producing system with 

wind turbine and solar energy panel. It also contains a battery which is used to stock 

and supply the produced energy. This system can function as individual energy 

system. Both units can produced power when both sources are accessible. By 

facilitating the battery which will be not interrupted the power supply is probable 

when both sources are indolent [6].   

As Iraq is facing huge shortage of electrical power in recent years [7], so this 

cause inspired me to conduct my study in this area.  

 

1.2 Problem statement 

  

Traditional power plants that depending on burning fossil fuel has many 

Environmental impacts like emission of CO2 and NOx that contribute in 

Environmental pollution nevertheless the fossil fuel effect  economically in countries 

due to the Unequal distribution in the world’s [8]. Notwithstanding that the fossil 

fuel has one more problem that in many countries the major of people live in rural 

area that isolated , so the electrification of areas in very difficult and costly  [9]. 

On the other hand, the renewable energy sources have its own problems. 

Instability and inconsistent are the main problems of the renewable sources PV that 

know as solar cell it’s converting the sun irradiance to electrical power, it’s fully 

depending on sun irradiance only it efficiency decrease to least in cloudy days and 

night . While wind is affected by the varying of wind, in other words individual PV 

or wind standalone systems have not been Efficient enough to fed household [10]. 

Hence, elimination of mention problems suggested by hybridizes of 

photovoltaic system and wind turbine system. PV system can reach its top during the 
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day hours mean, while wind turbine can process day and night. Battery banks used 

to support the system during absence of renewable sources. The system operate 

during day and night and hybridize are reduced the effect of varying the climate. 

 

1.3 Objectives of the project 
 

The main objectives this projects are the following: 

i. To model standalone a Photovoltaic to produce maximum 10 KW/h , a wind 

to produce maximum 14KW/h and a hybrid systems photovoltaic wind 

power systems based on Iraq as case study. 

ii. To simulate the Photovoltaic , the Wind and  the hybrid energy systems by 

using Matlab Simulink software  

iii. To compare the performance of Photovoltaic, Wind and hybrid energy 

systems.   

 

1.4 Project Scope  

 

The project scopes are the following  

i. The project is about modeling and implementing Photovoltaic system to 

product maximum 10KW by using sw280 PV cell due to its high stability.  

More over the project scope is modeling and simulation of Wind system 

renewable energy base PMSG generator to produce maximum power 14Kw. 

Nevertheless the hybridization process of PV wind renewable energy system 

by using DC link. 

ii. The project focusing on modeling all system as standalone due to the fact 

that system targeted the rural areas means all the system contain battery type 

hybrid nickel metal due to its high capacity and long lifespan in capacity 

6.5Ah. 

iii. The project focusing on the climate of Iraq and the availability of renewable 

sources (sun irradiance and wind) and to what extent we can apply this 

system in Iraq  

iv. The last focusing of the project is on Matlab software A2017b and how to 

implement the system by using Matlab software. Noticing that the result of 
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the project has been done by using only simulation due to the small time to 

do the project and high cost of it  

 

1.5 Project Outline  
 

The project contain of five chapters. Chapter one include the background which is 

introduction to the renewable energy and the generation. Nevertheless chapter one 

comprises explanation to the problem statement of  project tries to solve. Also the 

chapter contains the objectives of the project and finally the project includes the 

project scope. 

Chapter two of the project include background and theory of the systems 

such a PV cell, a wind turbines, generators, Add to study to the Iraq climate. 

Chapter three contains the methodology of the project’s objectives. This 

Chapter contain the modeling and the simulation of the PV , Wind and Hybrid 

power systems. 

Chapter four that contain the results PV, Wind and Hybrid systems such as 

the systems Voltage , Current and Power. 

Finally the project includes the conclusion and suggested future work in 

chapter five
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CHAPTER 2 

 

 

 

LITERATURE REVIEW 

 

2.1 Introduction   

 

In this chapter the work of different authors conducted in previously this area is 

discussed. Studying existing literature is necessary for doing any research 

efficiently.   

 

2.2 Previous researches 

  

For collecting rational info about renewable energy resource capacities of the 

country, a detail study for making hybrid energy systems were necessary. Numerous 

examination actions for the appeal of energy selections that are renewable are 

revealed for accessing of this energy resource capacities and stand-alone hybrid 

systems. The subsequent work of several authors were shown for a series of hybrid 

systems at various eras, locations and diverse nations. 

According to Nfah & Ngundam & Vandenbergh (2008) [11] imitation of an 

individual power creation for the distant areas in Cameron was showed. The 

research work shown the energy necessity especially in areas such as rural places for 

basic needs e.g. light production and transmission, radio and other entertainments on 

television. The range of the energy request is about 0.2 to 1 kWh/day. They 

pretended and presented models for 4 diverse system structures for example; (micro 

hydro-diesel generator-battery), (hydro-LPG generator-battery), (solar-LPG 
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generator-battery), (solar-diesel-battery). Consequences of models shows that, the 

price of energy for diverse renewable energy preference was created to be 0.296 

€/kWh for micro hydro hybrid system. The small mini hydro system verified as 

inexpensive selection for the Cameroon (southern portions) at a lowest rate of 

streaming i.e. 200litter/second, however the PV hybrid was the inexpensive in these 

areas of Cameroon. A study conducted by [12] defined the strategy to deliver 

electric and energy to a model community of 100 families, hospitals and schools. 

The study began by examining solar and wind sources of potential contents. For this 

arrangement, net NPC and COE is $103,914 and 0.302 $/kWh correspondingly and 

the diesel fuel spent is 1,955 liters per annum for a renewable portion of 84%, 

consequently it turns around 633 hours/year. 

To delivers power to the rural areas in Ethiopia, a viability test led by [13] 

was conducted for an individual solar/wind based hybrid energy process. This work 

discussed the recreation of PV/wind/diesel and battery to provide power and voltage 

request for 200 families. The paper presented the most expense proficient mixture 

which is crossbreeding of diesel generator/battery and converter having no 

involvement of sources segments which are renewable. Other price operative 

mixtures of diesel generator/PV and converter were also offered by them; in this 

case the policy and tactic practiced was the load ensuing approach. The decision of 

the author is feasible to organize the above specified electric energy arrangements in 

the zones specified assets. In [14] the author discussed that for Saudi Arabia about 

off grid Wind/Diesel generator hybrid power systems were used to provide energy 

for expenditures in the hot shore areas of Dhahran.  

Two models are approved in the case study conducted in India by [15] for 

Sundargarh, first was conducted with a mixture of wind/solar PV and diesel 

generator and the second was with a mixture of wind/PV/small hydro and diesel 

generator. The researchers in their work also recommended that the power variation 

of wind and differences in domestic request are the solitary limitations manipulating 

the system. Elhassan, et al [16] defined the strategy and application of well-

organized energy (renewable) motorized system for domestic usages in Khartoum in 

Sudan. The reproduction action was been achieved for the distinct families and 

roundabout for almost 10 to 15 families. To finalize several prices, distinct home 

CODE is about 49.5 SP/Wh, for 10 households. S.Rehman et al. [17] offered the 

viability examination of mixing turbine to the present off grid power plant of diesel 
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in Saudi Arabia. The analysis were fundamentally done to alleviate ecological 

effluence and for reducing the running cots of diesel producer. Compassion 

examination was also completed by considering sensitive factors like velocity of the 

wind which can disturb the lifetimes of the power systems. 

A research work conducted by [18] to estimate possibilities for off-grid 

electric transmission process in the rural areas in Bhutan. The examination was 

conducted in four areas in country. The foremost goal of this study was to enhance 

mixture power producing elements. PV/battery power producing system was 

considered to be inexpensive equipment for Gasa and Lunana. Operation of 

wind/battery system was enhanced for applying it in Yangtse site. The study was led 

[19] to enhance a wind turbine to present power plant of diesel schemes to diminish 

petroleum ingesting.  . The practicability of the systems (hybrid) guaranteed at wind 

velocity of 5.48m/s, lowest renewable portion 0% and $0.162/liter petroleum price. 

Kasukana, et al [20] examined the practicability of hybrid renewable electric 

systems as primary energy necessity for portable telephone places in Congo. In three 

different places, the study were conducted and not linked to the grid such as like; 

Mbuji-Mayi, Kabinda and Kamina. The probable arrangement of different styles as 

shown in many studies are; diesel generator, PV-wind turbine and pure PV 

arrangements were configured.. 

 

2.3 Solar Energy  

 

Sun is the primary and major source of every kind of energy in the earth. Per hour, 

174 trillion kWh of energy is delivered to the earth by sun. We can say that, the 

earth capture total power of             from the sun [21].  

Features of the sun include: weight is          kg, beam length of around 

700.000 km, age is around        years. The external sun temperature is nearly 

5800 K while the temperature of its internal is around 15.000.000 K. More 

temperature responses is because of the conversion of hydrogen in helium. The 

procedure of the nuclear synthesis, which is considered from the reaction  

  
      

    as a result of extremely high temperature of the sun, Energy is being 

produced. The bulky volume of energy produced constantly. For each hydrogen 

atoms of one gram, the calculated ratio that is transformed to He sun emits energy 
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equal with             kWh.  Electromagnetic heat is the cause of solar energy 

emitted to the universe [22]. 

The calculated distance of 150,000,000 km is noted from the sun and is 

positioned and rotates around in elliptic path. The velocity of 300,000 km/sec cross 

the aforementioned distance, it expended almost 8.5 minutes. Actinic of emitted 

radiation is detached by the aster to the space and the force of radiation J, is 

designed by the equation below:  

                                                                                                       (2.1) 

P is the power (electromagnetic radiation) while d is taken for the distance 

from the centre of sun. It is calculated that thirty three percent of the radiation is 

returned. Remaining of the energy is captivated and reprocess to universe and the 

earth  transfer merely energy as it collects and generates a balance of energy. 

 

2.3.1 Theory of Photovoltaic 

 

Photovoltaic or photovoltaic cells are used to produce electricity using sun rays of 

the sun. In the middle of the 20th Century, the progress of these cells were affecting 

quickly. In 1883 selenium solar cell was introduced by Charles Fritts, however the 

productivity of these cells were noted to be lower than 1%. The price of early 

marketable productions were high and fairly little competence in the range of 5 to 

10% nearly. Crystalline material like crystal silicon (c-Si) were used in the 

construction of the solar cells [22]. 

At the current phase, the crystalline silicon cells has got the finest 

competence in 24% for photovoltaic cells used in arena of atmosphere technology 

and attained general competence in the range of 14% to 16% for specially 

manufacturing and native use. The price will be inexpensive if they are bought in 

bulk amounts [23].  

 

2.3.2 Photovoltaic Structure 

 

The cells construction of photovoltaic is pretty open. It contains of six unlike 

coatings of constituents as presented in Figure 2.1. First, efficacy consumption of 

photons is growing because of the support glass surface with black cover. The 
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replication damages of the photons are decreased which is lower than 5% by the 

anti-reflective covering. The velocity of transmission and total distance covered by 

Photons were reduced by interaction grid and that’s why it is capable to touch 

semiconductors. Finally, the back connection is paying for the well 

transmission[24]. 

 

Figure 2.1: Basic structure of a generic silicon PV cell 

 

2.3.3 Semiconductors p-n type 

 

The photovoltaic cells that mentioned previously consist of 2 semiconductors p-n 

which are both made of crystalline silicon. The n-type semiconductor is created 

when some of their atoms of the crystalline silicon are replaced by atoms of another 

material which has higher valence band like phosphorus. Consequently an n-type 

semiconductor is being created which has a surplus of free electrons in its valence 

band. On the other hand a p-type semiconductor is created when some of the atoms 

of the crystalline silicon are replaced by atoms with lower valence like boron and the 

result is the creation of another material with deficit of free electrons and is known 

as p-type semiconductor. These missing electrons are called holes.  
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