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ABSTRACT 

In recent past few decades, electricity generation in Malaysia mostly relies on non-

renewable or carbon-based energy such as the combustion of fossil fuels and coals. Those 

sources create the emission of pollutants, especially carbon dioxide that leads to global 

warming and climate change. As a result, the Earth’s mean temperature has increased at an 

unusual level in these couple of years due to the emission of greenhouse gases. Therefore, 

renewable energy sources received important concern and attention in the early 2000s century, 

for instance, the use of solar energy, wind energy, and hydropower are replacing gradually the 

typical energy source to generate electricity for the consumer. The aim of this project is to 

analyse the performance of the hybrid system and to optimize the hybrid system up to the 

maximum output performance of the electricity. Due to inconsistent weather conditions and 

some uncertainties, renewable energy is harvesting and generating electricity in a hybrid 

manner. Furthermore, the unstable power distribution is solved by optimizing the output power 

using relevant mathematical algorithms. For this final year project, instead of using one 

renewable energy, it is encouraged to switch the power generation into a hybrid manner. A 

combination of solar and wind energy systems is modelled in this thesis writing. The necessary 

power converters are included, and different working scenarios are simulated using MATLAB 

Simulink for the purpose of performance analysis. 
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ABSTRAK 

Dalam beberapa dekad kebelakangan ini, penjanaan elektrik di Malaysia kebanyakannya 

bergantung pada tenaga yang tidak boleh diperbaharui atau berasaskan karbon seperti 

pembakaran bahan bakar fosil dan arang batu. Sumber-sumber tersebut mewujudkan pelepasan 

bahan pencemar, terutama karbon dioksida yang membawa kepada pemanasan global dan 

perubahan iklim. Akibatnya, suhu rata-rata Bumi telah meningkat pada tahap yang tidak biasa 

dalam beberapa tahun ini kerana pelepasan gas rumah hijau. Oleh itu, sumber tenaga boleh 

diperbaharui mendapat perhatian dan perhatian penting pada awal abad 2000-an, misalnya, 

penggunaan tenaga suria, tenaga angin, dan tenaga hidro menggantikan secara beransur-ansur 

sumber tenaga khas untuk menjana elektrik bagi pengguna. Tujuan projek ini adalah untuk 

menganalisis prestasi sistem hibrid dan mengoptimumkan sistem hibrid sehingga prestasi 

output maksimum elektrik. Oleh kerana keadaan cuaca yang tidak konsisten dan beberapa 

ketidakpastian, tenaga boleh diperbaharui adalah menuai dan menjana elektrik secara hibrid. 

Selanjutnya, pengagihan daya yang tidak stabil diselesaikan dengan mengoptimumkan daya 

output menggunakan algoritma matematik yang relevan. Untuk projek tahun akhir ini, 

bukannya menggunakan satu tenaga yang boleh diperbaharui, digalakkan untuk menukar 

penjanaan kuasa menjadi cara hibrid. Gabungan sistem tenaga suria dan angin dimodelkan 

dalam penulisan tesis ini. Penukar kuasa yang diperlukan disertakan, dan senario kerja yang 

berbeza disimulasikan menggunakan MATLAB Simulink untuk tujuan analisis prestasi. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

1.1.1 The development of electricity 

The widespread use of electricity has made it one of the most significant technological 

advances of all time. While it was obviously not necessary for human survival for ages, it is 

now considered to be an important role in nowadays human life [1]. According to the OECD, 

there are approximately about 23,387 billion kWh of electricity net consumption by world in 

year 2018, and in year 2019, it is counted 23,774 billion kWh of electricity consumption that 

have been used in world communities. As we can observed that there are about 387 billion 

kWh of electricity amount increase, or about 2% of growing rate of energy demands from 2018 

to 2019, in duration of two years. It is expected that by 2050, OECD countries will account for 

33 percent of global electricity consumption [2].  

Since energy is used in so many stages of the manufacturing and consumption 

processes, it is undeniably an important contributor to economic expansion. To put it simply, 

energy is a crucial factor in fostering economic growth. Energy consumption is a physical 

catalyst for economic activity. The lifeblood of any successful contemporary economy, driving 

both industrial expansion and productivity gains. Some researchers have found a correlation 

between increased energy use and higher GDP. Economic expansion was stymied by the 

energy crises and sky-high energy costs of the 1970s. Numerous researchers have used cutting-

edge time series econometric techniques to examine the correlation between energy use and 

economic growth since the late 1970s. Numerous studies have found that increasing energy 

usage is strongly correlated with expanding economies. Numerous studies have investigated 

the relative importance of economic growth and energy use, but the empirical evidence is 

inconsistent and often contradictory [3]. 
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1.1.2 Energy composition in world 

 In today world, the energy source can be categorized into many types of sectors, for 

instance, non-renewable energy sources like fossil fuels, coals, and natural gases, on another 

hand, the energy that renewable for instance hydropower, wind energy, solar energy, biomass, 

nuclear energy, and energy from the tidal. With the statistics given by Our World in Data in 

year 2019, it is investigated that about 63.3% of energy source comes from high-carbon energy, 

which is non-renewable energy, and about 36.7% comes from low-carbon energy source, which 

is renewable energy. 

 

Figure 1.1: Composition of Global Energy used [7] 

By referring the Figure 1.1, we can notice that the main source of energy is still relied 

on fossil fuels, generation of electricity by combustion of fuels, coals, and natural gases. 

Besides that, we can see that renewable energy contributes about one-third quarter of world 

energy usage percentage, for example nuclear and hydropower plant supply about 26.2% of 

electricity to the worldwide communities [7]. By right, renewable energy is encouraged to be 

increased in electricity generation as it is very crucial to be used, and free from pollution issues. 

Unlike the non-renewable energy, those kinds of low-carbon resources will not emit any 

poisonous or unhealthy substances like carbon monoxide, or any carbon substances that will 

eventually lead to pollution towards the environment.  

1.1.3 Malaysia Energy Consumption 

 The demand for power in Malaysia, which is primarily satisfied by natural gas and coal, 

continues to increase at a rapid rate. This expansion, along with an insufficient supply of natural 

gas in high-demand areas, is driving the government to diversify its power generation fuel mix 

and boost electrical capacity to avoid future power shortages. According to the US EIA, 
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petroleum and other liquids will account for 37% of Malaysia's total energy consumption in 

2019, while natural gas will account for 36%. Coal provides around 21% of the nation's energy 

needs. The remaining 6% of total power utilized comes from renewable sources. [8]. It is 

obvious to notice that the usage of non-renewable energy sources is still occupied so much 

large percentage in the country. For the information, those fossil fuels, coals, and natural gases 

will be used up by one day in the future. According to a study that was conducted using data 

from 2015, the following is the current statement of when our supplies would be depleted: oil 

will be last for 51 years, coals will be last for 114 years, and natural gases will be last for 53 

years [9]. Therefore, it is encouraged to have the new renewable technologies to be developed 

and used widely in the energy generation sector in Malaysia. 

 To improve the global distribution of sustainable energy, researchers have been putting 

a lot of time and effort into developing hybrid renewable energy systems. The use of two or 

more different types of hybrid renewable energy eventually results in benefits for making up 

for a shortage of electrical energy and providing support for variable renewable energy sources 

[10]. Therefore, the modelling and analysis of hybrid power generation system must be 

undergoing and developed, and optimization of suitable system parameter together with the 

appropriate components design must be planned and analyzed. 

 

1.2 Problem Statement 

 Previously, we have discussed that the largest amount of energy generation supplies 

mainly come from non-renewable or high-carbon natural resources, which are coals, fossil 

fuels, and natural gases. It is generally accepted knowledge that the combustion of fossil fuels 

has a negative impact on the surrounding environment and is also accountable for the 

occurrence of climate change and global warming. Furthermore, since it takes billions of years 

for non-renewable energy sources to originate, they are gradually but surely disappearing from 

the world [11].  

 Global emphasis has been focused on hybrid energy systems as a viable option for off-

grid places that cannot obtain power from the grid [12]. To ensure that even the most isolated 

places have access to a reliable source of electricity, a variety of renewable energy 

technologies, such as standalone solar systems and mini grids, have been installed. On the other 

hand, many of them do not offer true versatility to the end user or are not viable when they are 

released. This is typically because there are not enough sales to balance the price of product 
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replacement as well as running and repair expenses. Most importantly, climate change brought 

on by the growing of human activities that produce the emissions of greenhouse gases is 

obviously contributing a widespread impact on the planet's ecology. Therefore, it is more 

crucial and put in the priority to use renewable technologies in the country. 

 Despite that, the current renewable energy implementation and installation seems not 

enough to fulfil society’s electricity demands which have the industrial estates, housing area, 

public service area and so on. For instance, a solar energy is used in somewhere that have quite 

a number of resident units, it supposedly to produce the amount of electricity based on the 

design and implementation of solar generation system, however due to the frequent rainy day 

or cloudy day, the solar panels do not acquire enough sunlight and convert the energy into the 

required energy amount, due to the shaded of solar panels surfaces and low exposure area to 

the sunlight. Eventually, the system efficiency will decrease, and it will become not 

commercial to be applied in the country. Therefore, a hybrid power system must be considered 

to get the necessary power demands. 

 Consequently, it is very clear to see that renewable energy should be used widely in 

today world. We can use these green technologies to reduce the environmental issues and 

enhance the quality of living atmosphere. To achieve that, one of the recent developments in 

the sector of renewable energy technology has been the integration of various sources of energy 

as well as systems for energy storage [14]. The combination of wind power and solar 

photovoltaics is widely regarded as the most effective hybrid combination of all renewable 

energy systems. It is also appropriate for most applications when considering the effects of 

seasonal fluctuations [15]. 

 

1.3 Objectives 

The objectives of this thesis will be: 

1. To construct and simulate a model of hybrid renewable power system which combines 

solar power and wind power into a generation system.  

2. To analyze and evaluate the hybrid system’s performance under different input 

conditions. 

3. To perform the optimization algorithm to regulate the power generation system. 
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1.4 Project Significance 

 From this final year project, it is expected to construct and simulate a complete, 

accurate, and non-error hybrid solar and wind power generation system. The combination of 

several electrical components is necessary to be implemented and designed. Other than that, 

this project can get the most optimum parameters and data in order to launch and operate this 

particular system by performing several mathematical operations and coding. From there, 

better ways of design and optimization of hybrid power system can be done in the future 

development of renewable power technologies. 

 

1.5 Scope 

To achieve the objectives, the project studies will be included that: 

1. Modelling and simulation of hybrid solar and wind power generation system using 

MATLAB 2022a, SIMULINK. 

2. Function blocks design, which is MPPT design for solar panels, PWM controller for 

inverter, and charge controller for battery charging system. 

3. Finding the most optimum parameters of the system by designing the features and 

performing the mathematical operation. 

4. Analysis of system performance at different input parameters by considering several 

cases of scenarios. 

5. Implementation and comparison of optimization methods regarding performance. 

 

1.6 Thesis Outline 

This paper presents the information about the analysis of hybrid solar and wind power 

generation system based on the performance, stability, and the optimum operation analysis.  

Chapter 1 presents an introduction about this paper including the general information 

about the renewable energy technologies and development of current energy revolution.   

Chapter 2 presents the extensive literature review for the relevant topic. Other works 

and finding from researchers will be included as a reference and research gap. The first subtopic 

is identifying the research problem which is the issue regarding the emission of carbon that led 
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to the global warming. The next topic is introducing and discussing the source of renewable 

energy sources, in this case especially the solar energy and wind energy. In the third subtopic, 

the different modelling, simulation, analysis, and optimization of hybrid power system have 

been discussed. The last chapter will illustrate the research gap between those reference papers. 

Chapter 3 presents about the methodology of creating simulation. This chapter will 

include the modelling of hybrid renewable power system using MATLAB Simulink, parameter 

settings, mathematical formulas, simulation of single system and hybrid system, procedures, 

and optimization methods. The system is analyzed with different scenarios and the output 

parameters like the power, voltage, and current are recorded using different illustrations of 

data. The figures of the system, settings, and procedures are all included in this section. The 

optimization methods including Perturb and Observe algorithms and Fuzzy Logic Control 

algorithms are utilized to apply in MPPT control algorithms for the improvement of output 

power. 

Chapter 4 presents the results and discussion of output waveforms of hybrid power 

system. The simulation and experiments are repeated by different types of operation scenarios 

such as solar system operates alone, wind system operates alone, hybrid system operates, and 

comparison with two distinct mathematical algorithms. The waveforms such as output power, 

current, voltage, rotor speed, and many more are obtained, analyzed, and discussed in this 

section. Their efficiency, reliability, and stability are analyzed and discussed in accordance 

with the system explanation and discussion. Several final decisions on the best options of 

system configuration, optimization method, and so on are made to fulfill the current 

requirements of power generation. 

Chapter 5 presents the conclusion and recommendations of this thesis. The three 

objectives were successfully achieved and the best option of the hybrid renewable energy 

system which combines solar and wind power is configured and optimized. Several future 

recommendations are discussed to enhance the overall research for this field in the coming 

future time. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Overview 

Research related to renewable resources has been pushed forward as a direct result of 

the ever-increasing awareness of environmental problems and the ongoing depletion of fossil 

fuels. There are a variety of non-conventional sources of energy that can never be depleted, for 

example solar, wind, hydro, and these will be the primary focus of the energy industry in the 

next decades. Therefore, this thesis will draw attention to the modelling of hybrid power 

generation system, which combines solar energy together with wind energy. For this chapter, 

several relevant topics will be further clarified and discussed. For instance, the source of 

energy, the hybrid power configuration, solar system, wind system, method of analysis, and 

method of power optimization. Photovoltaic energy and wind energy will include solar panels, 

energy storage, converter, inverter and so on. Furthermore, the method of optimization is also 

discussed such as the maximum power algorithm, control algorithm, and many more. At the 

end, an overall summarization will be presented to conclude the current knowledge of studies.  

 

2.2 Global Warming and Climate Change 

For the further declaration of global warming and climate change, there are different 

ways of explanation from various authors or expertise. For the first author, Gale stated that the 

phrase, which is climate change speaks of the lengthy period variations changes in weather 

conditions of the Earth, which have an impact on variables such as humidity, temperature, wind 

direction and speed, cloud cover, and precipitation totals. "Global warming" is the term used 

to describe the rise in the average Geomorphological temperatures that has been shown to be 

caused by human activity, most notably the combustion of fossil fuels [17]. Other than that, 

according to NASA, they point out the Earth's surface over the long term as what has been seen 

since the pre-industrial era. (in between the year 1850 and, in year 1900) is always linked to 

Global Warming. This warming was the bad result due to human activities, most notably the 
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burning of fossil fuels, which results in an increase in the amount of trapped heating gases 

within the atmosphere. Besides that, they specified that the term "climate change" refers to an 

alteration in the usual meteorological conditions which already evolved to declare regional, 

global climate topologies, and local of the Earth over a prolonged period [18]. 

Based on the previous definition, it is generally accepted in the scientific community 

that the emissions of greenhouse gases that are created by energy sources that rely on fossil 

fuels are a contributing factor in climate change and therefore global warming. For this 

phenomenon, carbon dioxide and the rest of possible pollutants team up within the atmosphere, 

whereby they take in solar energy that has been reflected off the earth's surface as well as direct 

sunlight, resulting in global warming. Normally, this radiation would be discharged into space, 

but because of the pollutants, which may linger in the atmosphere for years or even decades, 

the heat is trapped, and the planet's temperature continues to rise. A set of pollutants, including 

carbon dioxide, methane, nitrous oxide, water vapor, and artificial fluorinated gases, are 

referred to as "greenhouse gases" because they trap heat. The effect that these gases have is 

known as the greenhouse effect. [19].  

The graph in Figure 2.1 below presents a breakdown of world emissions (shown as the 

black line) in terms of their contribution from fossil fuels (shown in grey line) and land use 

(shown in yellow line). In recent years, fossil CO2 emissions have represented the bulk of 

overall world emissions. In 2022, fossil CO2 emissions are expected to account for around 91% 

of emissions (compared to 9% for land-use emissions). When come into the era and a half into 

the 20th century, emissions from land use were about equivalent to emissions from fossil fuels. 

This reflects a significant shift from that time [20]. 

 

Figure 2.1: Statistic of Global Carbon Emission from year 1960 to 2020 [20] 
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A modelling examination of the dynamical behavior of global warming was developed 

and presented by Budzianowski. Hysteresis diagrams of the climate were also included. 

According to him, the thermal imbalance that now exists on Earth is more likely to amount to 

0.6 K, but it has the potential to develop to 5 K by the year 2100 [21].  

 

Figure 2.2: Statistics of Global Mean Temperature from year 1860 to 2020 [22] 

Based on the statistics given by World Meteorological Organization, Because of 

growing greenhouse gas concentrations and accumulated heat, the last eight years are on course 

to be the eight hottest on record. Glaciers in the European Alps suffered an extremely high toll 

in the year 2022, with first indications of record-breaking melt. It has been raining rather than 

snowing in Greenland for the first time in September, which coincides with the 26th year in a 

row that the Greenland ice sheet has shrunk in size. It is now anticipated that the global mean 

temperature in 2022 will be around 1.15, in more specific data is about 1.02 to 1.28 degrees 

Celsius higher than the older pre-industrial normal, range from year 1850 to 1900. The 

occurrence of an unusual triple-dip during La Nia will likely result in 2022 being "just" the 

fifth or sixth hottest year on record. Despite this, the long-term trend will not be altered, and 

before another year breaks the record for greatest temperature, it is only a matter of time. 

Undoubtedly, the warming trend will persist. It is anticipated that the 10-year average 

temperature for the period of 2013 to 2022 will be around 1.14 degrees Celsius (rises from 1.02 

to 1.27) higher than the baseline before industry of 1850-1900. In comparison, the IPCC Sixth 

Assessment report projected a temperature increase of 1.09 degrees Celsius from the years 

2011 to 2020 [22]. 

As a result of increasing sea levels, the probable future repercussions of global warming 

continue to be a topic of intense controversy and considerable uncertainty. However, most 

specialists anticipate catastrophic and severe challenges for future generations. Hurricanes 
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might become more intense and more often if ocean temperatures continue to rise. As the 

temperatures continue to rise, certain places may be subjected to more frequent heat waves, 

which may be accompanied by debilitating droughts and destructive wildfires. Besides that, 

major flooding is a potential threat in several coastal places across the world. In the long run, 

Pacific Ocean islands with low sloping terrain will become unlivable due to rising sea levels. 

Other than that, warming of the planet might potentially have a significant negative effect on 

the ecosystems and habitats of several animal species. It is possible that certain locations will 

become either too dry or too wet for agriculture to thrive there. Fertile regions have the potential 

to be transformed into barren wasteland after prolonged periods of drought. It is possible that 

the fast changes brought on by global warming may be too much for plants and animals to 

handle, and that they could go extinct as a result.  

For the pace of effectively battle the impacts of global warming and climate change, 

whereby their negative impacts towards the human living atmosphere, ecosystem, and natural 

resources, human found that it is essential to put into practice sustainable energy techniques 

while constructing a sustainable environment in which to live. As the Data were obtained from 

the Global Carbon Project, and the figure was created by Carbon Brief using High charts. 

(Refer to Figure 2.2), it is found that the most carbon emission is produced by the combustion 

of fossil fuels, for your information, the largest sector of these activities of combustion comes 

from the energy generation. Consequently, a larger emphasis should be placed on the future 

widespread of prospective power sources, in the future, this foundation should support the 

whole world's energy system by the responsible authorities. This should be a focus of future 

energy strategies, which are renewable energy generation that should be fully implemented and 

developed in the current global world. 

 

2.3 Renewable Energy Source 

Due to the rising need for energy by all people, the world is quickly becoming a global 

community, yet the earth's shape cannot be changed. To promote people economic and social 

advancement, prosperity, and wellness there is a trend of rise for the need for energy and the 

services it supports. On the other hand, switching to renewables is eventually aiming to help 

combat climate change and is a wonderful strategy that must be sustainable to meet future 

generations energy demands [23].   
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There is a widespread belief among energy professionals and economists that renewable 

sources of energy will eventually develop if their societal advantages were fully credited, the 

federal government and state governments would offer many more incentives. For instance, 

the value of avoiding the production based on a tone each of SO2, CO, and NOx, as well as the 

value of avoiding the construction of present evaluation, it does not sufficiently account for the 

transmission overhead (high voltage) running through both urban and rural regions, plus the 

efficacy of renewable energy sources. If renewable energy sources were given credit for 

preventing pollution equivalent to 600 metric tons of carbon dioxide (tons) for every million 

kilowatt-hours (kWh) of electricity used, they would receive an additional boost in the form of 

incentives that are more generous than those currently provided by the government of the 

United States [24]. 

 Now, only approximately eighteen percent of global energy consumption is met by 

renewables now. This contribution might, however, be expanded greatly. The great potential 

of renewable energy sources is reportedly greater by a factor of 18 compared to the present 

global primary energy demand. However, this evaluation fails to account for both fiscal and 

ecological considerations, making it somewhat misleading. Table 2.1 displays the several types 

of renewable energy sources that are currently available in today’s world. 

 

Table 2.1: Types of Energy Sources in the current world [23] 
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In other studies, it is conducted by the group of researchers, they have produced the 

analysis in the form of chart (in Figure 2.3) that presents a breakdown of the use of alternative 

energy sources. In terms of the ultimate energy output, a total of 222 EJ (EJ) of renewable 

energy is deployed. 58% of the total is accounted for by the electricity industry. This includes 

an increase in the usage of renewable energy due to increased electrification (notably electric 

vehicles and heat pumps). There will be a possibility that the end use industries are also 

responsible for the implementation of renewable energy sources. In terms of the overall 

deployment of renewable energy sources, the significant contributions made by bioenergy 

(32% including district heating) and wind energy (24%), respectively, demand special notice 

[11]. Meaning to say, we have investigated that the demands of renewable energy sources are 

relatively high in nowadays market especially in power generation sector, as we can observe 

there is 58 percent usage of low-carbon energy. 

 

Figure 2.3: Chart of Composition of Source of Energy in current world [11] 

 In the next section, several types of renewable energy sources will be discussed with 

further details and explanation, especially wind and solar energy. 

i) Solar Photovoltaics 

According to the explanation from Kakkan Ramalingam and Chandrasen Indulkar, they 

have declared that the sun's rays are harnessed by solar photovoltaic systems, which then 

convert that energy into electricity. The sun, a black substance with a 5,778 K surface 

temperature, is a continuous source of radiation in the solar system. Nonetheless, the sun's rays 

do not all make it to Earth's surface. Particles in the atmosphere can absorb or reflect some of 

the sun's rays, and their interactions with clouds and other atmospheric constituents can alter 
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the radiation's direction and intensity. As a consequence, there are three different ways that 

solar energy can enter a photovoltaic panel: direct or beam radiation that enters the surface 

unaltered; diffuse radiation that changes direction and/or intensity when it comes into 

proximity with other atmospheric components; and radiation reflected from the Earth's 

surface., at this kind of inclined solar PV panels, when added together, these are the various 

forms of radiation that make it to the collector. When discussing the amount of sunlight striking 

a certain area, the unit of measure is known as sun irradiance and is often declared in watts per 

square meter (W/m2). Over a specific time, the quantity of radiation per unit of space that 

reaches the Earth's surface, often a day, is measured using a metric called Global Horizontal 

Irradiance (GHI). The potential for a given site to generate electricity using photovoltaic means 

is evaluated using GHI data collected over the course of a year or longer [27]. 

 Additionally, direct solar energy is the name given to the energy source used by 

renewable energy devices that directly draw power from the Sun., according to another 

academic paper, and the term "direct" solar energy is used interchangeably with "direct" solar 

power. After being absorbed by the planet and converted into its many forms, solar energy may 

be used to generate electricity by some renewable technologies, such as wind and ocean thermal 

power. Solar irradiance is the source of solar energy technology, which can be used to produce 

thermal energy, meet the demand for direct lighting, generate electricity using photovoltaic 

(PV) and concentrating solar power (CSP), and possibly even produce fuels for use in 

transportation and other applications. The Globe Energy Council estimates that the quantity of 

energy emitted from the sun and received by the planet was more than 7,500 times more than 

the 450 EJ of primary energy that the entire world uses each year. [23]. 

  Solar PV output exceeded 1000 TWh in 2021, an increase of a record 179 TWh or 22% 

over the year before. In terms of relative generation growth across all renewable technologies 

in 2021, it came in second place to wind. Investment is expected to rise in the next years as 

solar photovoltaics (PV) rapidly develop into the most economically sensible option for the 

generation of new electricity in most of the world. However, between 2022 and 2030, to comply 

with the Net Zero Emissions by 2050 Scenario, a generation growth of 25% per year on average 

will be required. This amounts to a more than threefold increase in yearly capacity deployment 

through 2030, which will necessitate considerably more ambitious policy objectives as well as 

more effort from both corporate and public players, notably in the areas of grid integration and 

the mitigation of policy risk., legislation, and funding difficulties. Particularly in countries that 

are still regarded as emerging or developing [30]. 
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ii) Energy of Wind 

An increasing prevalence of wind that works as a supply of energy has propelled it to 

the front of the pack in terms of renewable energy sources. Wind is present in every region of 

the planet, with certain regions having much higher average wind speeds. Wind power is 

generated by collecting the wind that contains kinetic energy. The main application of the 

relevance to the mitigation is generation from massive turbines that may be placed onshore or 

offshore. The wind energy solutions that can be used on land are already being mass-produced 

and put into use in significant numbers. Electricity may be generated from the kinetic energy 

of the wind by using wind turbines [23]. 

An ecologically favorable source of energy that is fully free, carbon-free, and never 

runs out is wind power. The uneven heating of the atmosphere by the sun, the irregularities on 

the planet's surface, and the earth's rotation all have an impact on the generation of winds. The 

geography of the land, weather conditions, and man-made structures, may all affect how wind 

patterns behave. Modern wind turbines can capture this wind movement, also known as motion 

energy, which permits the production of electricity. In greater detail, wind power, sometimes 

referred to as wind energy or wind generation, is the act of using the force of the wind to 

produce electrical or mechanical energy. By converting the kinetic energy held within the wind 

turbine, wind turbines into the power of mechanical. For instance, this kind of power may be 

applied to pump water or grind grain. Alternatively, it could be sent into a generator to be 

turned into electrical energy. Wind turbines transform the air's linear motion into circular 

motion, which powers a generator that creates current. The aero plane propeller blades, and 

wind turbine blades are nearly identical. The wind pushes the blades, and with the use of a 

gearbox and a shaft attached to a generator, which produces electricity, the high torque and low 

speed of the wind will eventually become low torque and fast speed. There are many sizes of 

wind turbines for sale, and each one produces a different maximum power output. Utility-scale 

turbines generally produce electricity in the 50–750 kW range. Single, compact turbines with 

a producing capacity of less than 50 kW can be used for domestic purposes. The electricity 

produced by wind turbines is routed into a utility grid, just like it does with conventional power 

plants, and then it is distributed to individual customers [25]. 
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2.4 Modelling, Simulation and Analysis of the Hybrid Solar and Wind Power 

Generation System 

Wind energy is regarded as a highly essential resource among other types of clean 

energy sources all over the world since it is both environmentally friendly and continuously 

renewable. However, its hybrid use with other renewable energy sources has become an 

important task to solve the energy problems to accommodate for the increasing demand due to 

population and the spread of the development of clean energy. This job has been an important 

part of the solution to the energy issues. Hybrid renewable energy generation is becoming the 

most practical way to satisfy our electricity needs as the risk of global warming continues to 

rise and fossil fuel supplies continue to be depleted. 

Several studies and research are being conducted to build up a model of hybrid 

renewable energy, and power generation system using several types of software. The different 

configuration, connection, components, way of design, and power optimization methods are 

studied and discussed in several research papers or articles that related to the modelling of 

renewable energy conversion, especially the energy combination of solar energy and wind 

energy.  

 

2.4.1 Study One  

The first research paper is relating to the hybrid photovoltaic system. Syed Mohd 

Adnaan and Mukul Chakaya has constructed the work that follows provides the modelling and 

optimization of a photovoltaics (PV) system with an energy storage element in the form of a 

battery that is coupled to a diesel generator and wind generator in order to build a grid system. 

The Maximum Power Point Tracker for the suggested topology was developed through the 

application of algorithms such as Perturb and Observation (P&O). To generate alternating 

current output that is synchronized with wind and diesel generator systems, a voltage source 

inverter is developed using mathematical formulae. 

i) Design of Solar Cells 

Solar cells have two changeable factors that affect their output: the amount of 

irradiation from the sun and the temperature of their surroundings. Because of this, a change in 

any of these two elements might either lower or raise production. To properly simulate the 

solar cell, one must first apply the mathematical equations that define the solar cell's physical 
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properties. Solar cells, connectors, protective pieces, and a support mechanism make up the 

many components that make up a photovoltaic producing system. For the sake of this 

discussion, we will assume that the shunt resistance is infinite and that Rs equals zero. The 

current that is produced as a result is equal to the difference between the photocurrent li and 

the current produced by the diode.  

  …………….1 

According to Figure 2.4, the reference solar radiation is denoted by Gnom, whereas 

current radiation from the sun is denoted by G. This is the simplest analogous circuit; however, 

you may mimic a solar cell by joining a parallel-connected diode to a current source. This is 

the most fundamental type of solar cell. When there is no light present, the cell is no longer 

functional and acts in the same manner as a diode. The resistance that is provided by the shunt 

is marked by RP, while the resistance that is present inside the cell is represented by Rs. The 

maximum power that may be drawn from a given resistive load is stated as: 

 …………….2 

The ratio of the amount of electricity produced to the amount of irradiance that is received is 

used to calculate the efficiency of a solar unit. 

…………….3 

For ordinary ambient circumstances, the solar system with a single diode is adequate, 

but when there is less irradiance, it is impossible to provide an acceptable result. In order to 

compensate for this power loss an additional diode is decided to add in parallel to the one that 

is already there.  

 

Figure 2.4: Solar Cells Configuration with Two Diodes [31] 
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The following two graphical curves of data are related to the Voltage versus Current and 

Voltage versus Power curves of solar panels at different irradiation and different level of 

temperature. 

             

Figure 2.5: V-P & V-I characteristics                 Figure 2.6: V-P & V-I characteristics 

                       at different irradiation [31]                                     at different temperature [31] 

ii) Design for the inverter 

A static converter's primary goal is to convert an unregulated DC input into a regulated 

AC supply. This can be accomplished by converting the DC into AC. The frequency, the output 

amplitude, and the phase must all be tractable for the AC output to have a sinusoidal waveform. 

This design has the potential to function as a voltage source inverter, however this is dependent 

on the type of AC waveform that is produced by the device. Applications requiring a low 

amount of energy may be performed by a single-phase voltage source inverter, while 

applications requiring a medium range to a high amount of energy can be performed by a three-

phase voltage source inverter. 

iii) Design of Maximum Power Point Tracking (MPPT) 

A standard solar array can convert between 30 and 40 percent of the sunlight that strikes 

it into usable electricity. The MPPT is known as the means through which the efficiency of the 

solar panel may be improved. The MPP theorem states that the power output of the circuit will 
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be at its highest level when the impedance of the load will be equivalent to the impedance of 

Thevenin. As a result, the issue of tracking down the point of maximum power is now 

simplified to just the situation of impedance matching. The duty cycle of the converter can be 

adjusted appropriately, and the impedance of the load can be matched with that of the source 

or, for example, Thevenin's impedance. 

The Perturb and Observe technique is the most straightforward approach to MPPT 

(P&O). In the very first phase of the tracking method, an initial sample of the working voltage, 

Vout and current, IPV at the time instance TI are both measured. This step also occurs at the 

same time instance. After the first sample has been collected, the working voltage VPV (TI) 

and current IPV (T2) are computed for the second set of values. Furthermore, APPV will be 

the calculation used to get the derivative of power when the data for current and voltage are 

used. When the value for APPV begins to move in the positive direction, the working voltage 

needs to be adjusted such that it follows a pattern that is analogous to the perturbation. If the 

APPV value is negative, it shows that the system's working voltage has shifted away from the 

target where it produces the most power. In this case, the working voltage needs to be adjusted 

in the direction that is opposite to the perturbation. The operational voltage must be affected 

by the value of the constant C to function properly. In the programming, the value of C was 

arbitrarily chosen to be 0.1V since this was deemed to be an appropriate perturbation step value. 

If the photovoltaic output shows an increase, then the working voltage should likewise show 

an increase. If, on the other hand, the output power decreases, then the working voltage should 

show a reduction. 

 

Figure 2.7: MPPT Flowchart [31] 



19 

 

iv) Design of Energy Storage 

The battery is the method of power storage that is implemented in the solar plant the 

most frequently. A mixture of parallel and series-connected electrochemical cells makes up the 

battery. The desired current may be obtained through the parallel combination, while the 

desired voltage can be obtained through the series combination. The energy that is stored in a 

cell is kept at a low level of voltage potential.  The rating of the battery is determined by the 

capacity of the individual cells, which is measured in ampere-hours of average voltage 

throughout the discharge period. C is the cell capacity. The internal voltage, denoted by VI, 

and the internal resistance, denoted by R1, both have their own distinct symbols. 

v) Overall Hybrid Power Generation System 

The hybrid photovoltaic system requires proper size in the same way that the solo 

photovoltaic system does. Modeling is performed by selecting the appropriate optimization 

strategy in accordance with the necessary to obtain an accurate value of the outcome. A 

photovoltaic array, a wind power turbine, an energy storage, and a backup fossil fuel generator 

are all components of this hybrid system. Figure 2.8 illustrates the overall hybrid power 

generation system with one backup generator that operates at emergency condition. 

 

Figure 2.8: Overall Set-up of Hybrid Power Generation System [31] 

 

2.4.2 Study Two  

B. Kanagasakthivel and Dr. D. Devaraj describe a standalone hybrid solar photovoltaic 

wind energy system for usage at distant areas. The wind and solar PV systems are both linked 

to the same load with the aid of a DC/DC Step-up Converter. Both the modelling and simulation 

of hybrid systems, as well as the PI controllers, are done using MATLAB/SIMULINK. 
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Analysis of the hybrid system's performance under various irradiance levels and wind speeds. 

The results of the simulation show that the created hybrid system is capable of meeting the 

demand for electricity in a distant location. 

 

Figure 2.9: General Circuit Configuration of Proposed Hybrid System [32] 

The same demand would be met by the photovoltaic (PV) array and induction 

generator-driven wind energy conversion technologies of the proposed hybrid energy system. 

Photovoltaic (PV) arrays and the associated DC/AC converter modules make up a PV system. 

Maximum power point tracking is the most used control method for photovoltaic (PV) systems. 

This mode attempts to use the sun's rays as effectively as possible to generate the most usable 

electricity. The connection element for attaching the load to the hybrid system is an H-Bridge 

inverter. Batteries are used to store surplus energy when there is more electricity available than 

is required. When demand is at its highest and production is below supply, the battery's supply 

is required. 

i) Modelling of Solar PV  

 

Figure 2.10: Modelling of Typical Solar Cells [32]              

The photovoltaic (PV) system is made up of arrays and the modules for DC/AC 

converters that correspond to them. Whenever a semiconductor is subjected to sunshine, when 
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photons with energy larger than the semiconductor's band gap are absorbed, the generation of 

an electron hole pair is proportional to the amount of radiation striking the semiconductor. The 

following equations explain the output current: 

…………….1 

 

It is given that the I-V characteristics of a typical solar units: 

…………….2 

In this equation, Io is the diode reverse bias saturation current, Ipv is the incident 

photovoltaic current, Isc is the short circuit current, q is the electron charge, K is the Boltzmann 

constant, T is the temperature of the p-n junction, Vt is the thermal voltage of the PV module 

with the number of cells (NS) connected in series, Rs is the starting resistance, and A is the 

diode ideality factor. The output of the current source is directly proportionately impacted by 

light striking the cell. Depending on the cell temperature and radiation intensity, a PV system's 

current-voltage (I-V) and power-voltage (P-V) characteristics are inherently non-linear. PV 

arrays' I-V and P-V characteristics amply illustrate how electricity generation is reliant on 

shifting weather conditions. 

ii) Modelling of Wind Power System 

The two or three bladed wind turbine rotor is mechanically connected to an electric 

generator. The relationship between wind speed and power provides by the formula below: 

…………….3 

Where is the power coefficient, is the air density, is the wind speed in (m/s), which is equal to 

1.225 kg/m3, and is the area swept by the rotor in m2. The relationship between the power 

obtained from the wind and the turbine rotor speed in (rad/s) determines the quantity of 

aerodynamic torque, which is expressed in (N-m).  

      …………….4 
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iii) Modelling of Batteries 

The battery's storage capability of random time constant is stated as: 

…………….5 

Where C batt denotes the storage capacity that is accessible at time (t) and (t-1). Pv is 

the power that the load consumes at time t, Pload (t) is the generated power by the photovoltaic 

system, Pwg is the power produced by the wind turbine generator, ncad is the efficiency of the 

AC/DC converter, and nb is the battery charging efficiency, which depends on the charging 

current and may range from 0.65 to 0.85. when PV combined with wind can supply the demand 

for energy when wind alone cannot, that means:    

…………….6 

If any extra power is present, it is used to recharge the battery. In this situation, battery storage 

capacity is determined by:   

…………….7 

iv) Converter and Inverter 

 

Figure 2.11: Illustration of Step-Up Converter (DC-DC Boost Converter) [32]              

The most effective architecture ensures high efficiency and low cost: the DC-DC boost 

converter. To increase the voltage of the diode rectifier, a DC-DC boost converter is attached 

next to the full-wave bridge rectifier. The circuit for the DC-DC boost converter is shown in 

Figure 2.11. To reduce the fluctuation in the rectified AC output voltage waveform from the 

bridge, a capacitor C1 is placed across the rectifier. It is necessary to analyze and simulate the 

behavior using a boost converter model. The boost converter's input and output voltages in a 

perfect world would be: 
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…………….8 

Where D is the duty cycle, Vo is the voltage input, is the voltage outflow, and. The 

following formulae can be used to determine the minimum quantities of capacitance and 

inductance that given a value for D: 

…………….9 

Where f is the frequency of switching, Ro is the resistance from the output, and Vr is 

the ripple voltage. The usage of synchronous switching in DC-DC converters, which substitutes 

low resistance power switch for the flywheel diode and reduces switching losses, is a crucial 

factor to consider. PWM switched mode scheme helps to accomplish this. The voltage output 

is controlled and regulated by the PWM. The power dissipation of a semiconductor device is 

zero while it is shut-down mode since I=0. The voltage drop across the device will be almost 

nil if it is turned on, which will result in very little power being wasted. 

 

Figure 2.12: Design of H-Bridge Three-Phase Inverter [32]              

The a-phase of a cascaded H-bridge inverter using two three-level cells is shown in 

Figure 2.12. The a phase is perfectly reflected by the b and C phases. The voltage levels 

determine what kind of inverter is an H-Bridge. The universal statement of mathematics states 

that p = 2, n1 = 3, and n2 = 3. The resultant inverter may function with five input voltages and 

two output voltages, Vag1, Vag2, and Vag is the total H-Level inverter output voltage, if the 

dc voltage of each cell is adjusted by the same amount while Vdx1 and Vdx2 are the applied 

inverter voltages. Table 2.2 lists the zero and positive voltage levels that this inverter can 

produce as well as the voltage levels produced by other H-bridge cells. In addition to 0, the 
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positive values of E and 2E represent potential output voltages. The negative output voltages -

E and -2E are among the five voltage levels that the inverter symmetry permits. The zero and 

positive switching states for the scenario where Vdx1 = 2 and Vdx2 = E are displayed in Table 

2.3. Current should not flow into the positive terminal of a rectifier source when Vag = E. Ias 

is moving in this way.       

v) Simulation Results 

A 1.5 MW and 150 Wp Solar PV system hybrid system is modelled. Tables 2.4 and 2.5 

list the specifications of the wind turbine and solar system, respectively. Their subsystems are 

shown in Figure 2.13 and 2.14, respectively. The hybrid system's load is connected to it through 

a 1.3 MVA inverter. The H-Bridge inverter's gate circuit receives PWM with a carrier 

frequency of 1000 Hz. Figure 2.15 shows the Simulink model for the hybrid renewable energy 

system. Firstly, it is simulated by utilizing solely solar and wind energy, plus each generator's 

efficiency is evaluated. The efficiency of the hybrid system is then evaluated under a variety 

of load scenarios. 

 Table 2.2: Parameter of Wind System [32]       Table 2.3: Parameter of Solar System [32]              

       

 

Figure 2.13: Wind Subsystem in Simulink [32]              
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Figure 2.14: Solar Subsystem in Simulink [32]              

 

Figure 2.15: Hybrid Power System in Simulink [32]              

Figure 2.16: Wind Speed Data [32]                 Figure 2.17: Rotor Speed Data [32]              

            

Figure 2.18: Torque Power Data [32]             Figure 2.19: Output Voltage (Wind) [32]              
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Figure 2.16 displays the output waveform of the time versus speed of wind curve for 

different speed of running turbines. Figures 2.17 and 2.18 display the waveforms of the output 

voltage, rotor speed, and electromagnetic torque as a function of time. The output voltage of 

the wind energy system is illustrated in Figure 2.19. 

               

     Figure 2.20: V-I Characteristics [32]              Figure 2.21: Power Versus Voltage [32]              

   

    Figure 2.22: Output Voltage (Solar) [32]        Figure 2.23: Output Voltage (Hybrid) [32]              

The solar photovoltaic module produces DC voltage at various sun irradiations and 

temperatures. Figure 2.20 illustrates how the energy provided by the modules changes in 

accordance with temperature and the strength of the sun's photovoltaic beams. Figure 2.21 

depicts the wattage waveform of a solar array model under varied sun irradiations at a 

temperature of 25 oC. At different irradiation temperatures of 25 oC, a photovoltaic module's 

voltage vs. current and voltage-power output characteristics are shown in Figures 2.22 and 

2.23. It has been demonstrated that changes in temperature and solar radiation have the most 

effects on the output voltage and current of PV systems. 
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Both systems are utilized in this case to fulfill the demand for the hybrid system. An 

output voltage of 230V is provided via a multilayer inverter and DC/DC boost converter 

connected. Figure 2.15 shows the hybrid system along with models of a synchronous generator, 

a power converter, a solar system, and control blocks. 6000 H is the value of the capacitor in 

the interface rectifier. The resistance load on the hybrid system is 500. A solar PV system with 

an irradiation level of G = 0.8 W/m2 and wind at 14 m/s power the hybrid system. The output 

voltage of the hybrid system is shown in the final section of Figure 2.4.20. 

 

2.4.3 Study Three  

Nitin Khajuria, Satyanand Vishwakarma, Obaidullah Lodin, and Gazia Manzoor 

simulate, develop, and model a hybrid power generation system based on trustworthy non-

conventional (renewable) solar photovoltaic and wind turbine energy sources in this paper. The 

primary system that has been constructed is the solar electric generator, which consists of six 

models and series connected to one another in line with predicted P&O and attached to an 

MPPT controller and DC/AC converter. This system has a connection to PMSG (permanent 

magnet synchronous generator). To model solar PV generators and wind turbines using 

Simulink/MATLAB, this article's major objective is to connect systems that can supply the 

greatest power for single auxiliary phase demands. The results of the simulation demonstrate 

that the hybrid power system is built for modelling, stability, reliability, and efficiency. using 

a solar PV generator and a wind turbine to generate clean electricity (for maximum voltage 

generation).  

i) Solar Modelling and Simulation 

 

Figure 2.24: Modelling of Solar Power System [33] 
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The full photovoltaic system built for efficient MPPT tracking is shown in Figure 2.24. 

For an energy storage device made of an inductance and capacitance circuit to store and donate 

additional electricity when there is additional power generation from a prior period, the 

voltages and currents must first be fed to the controller device, which monitors the maximum 

power for the available voltage and current. The change in temperature and irradiance makes 

this essential. This on-off time is set for the LC circuit via a MOSFET/IGBT switch coupled to 

the LC circuit through the MPPT control unit.  

The LC circuit and switch make up the buck booster system, which functions at the 

DC-DC conversion level. Only these most recent and prior measurements were used in the 

perturb-observe method that was in place, and optimal future power levels were not considered. 

In the suggested technique, predictive power is generated and optimized using the least-squares 

algorithm to keep the power at its optimal maximum. Predictive power (p(n+1)) is shown in 

the flowchart below. 

 

Figure 2.25: MPPT algorithm flowchart relying on LMS-based predictive power [33] 
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Figure 2.26: MPPT algorithm execution flowchart using LMS-based predictive power [33] 

The array is made up of 40 series modules and 10 parallel modules, simulation results 

are achieved. The following user-defined attributes apply to the active module. There are 10 

cells per module, open circuit voltage (Voc (V)) is 42, current at MPP Imp(A) is 27,7, and 

voltage at MPP Vmp(v) is 36. The solar power waveforms utilizing the old PO technique and 

the modified PREDICTIVEPO approach are shown in Figure 2.4.24. At 1000 W/m2 and 25°C, 

the suggested MPPT algorithm's performance has been assessed. It has been discovered that 

the suggested strategy reaches the greatest peak far sooner than the conventional PO method. 

Additionally, it has been discovered that the suggested approach reaches peak value stability 

earlier than the PO method and provides power with the least fluctuation variance. 

 

Figure 2.27: Correlation of power output utilizing projected PREDICTIVE-PO based MPPT 

tracking and perturb-observe [33] 
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ii)  Wind System Modelling and Simulation 

 

Figure 2.28: Modelling of Wind Turbine System [33] 

Different operating zones and wind speeds, those wind speeds are determined by the turbine 

optimum power curve in Figure 2.29. 

 

Figure 2.29: Illustration of Power Changing Curve in the flow of wind [33] 

 

Figure 2.30: Waveform of AC and DC Voltages at different Wind Speed [33] 
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The DC and AC output of the PMSG wind turbine have been correctly modelled and shown as 

voltage waveforms in Figure 2.30. 

iii) Hybrid System with Grid-Connected Topology 

 

Figure 2.31: Modelling of Hybrid Power System with Grid-Connected [33] 

The hybrid power system, which provides single phase AC demand while combining 

two unusual energy sources—a solar photovoltaic and a wind turbine system—might be the 

greatest hybrid system alternative. 

 

Figure 2.32: Output Voltage Waveforms at different Solar Irradiation and Wind Speed [33] 

The voltage waveform of both types of system are shown in the following image in 

Figure 2.32, which is utilizing the predictive, P&O MPPT method. 

 

2.4.4 Study Four  

Anuradha, A.S. Yadav, and Sanjay Sinha are the researchers for the fourth study. In 

this article, MATLAB software is used to investigate a novel solar and wind hybrid energy 
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system. The most effective utilization of resources is observed, increasing efficiency in 

comparison to their separate ways of generation. It also improves accuracy and lessens reliance 

on one source. Due to variations in solar radiation and seasonal weather trends, solar array 

output fluctuates. To enable PV arrays to run at their maximum power, the MPPT method is 

employed in the DC/DC converter. This hybrid power generation system may be used for both 

industrial and domestic purposes. This work focuses on theoretical analyses of models for solar 

and wind energy sources. This research may be utilized to learn more about the responses of 

hybrid systems and, most importantly, software modelling environments.  

i) Modelling of hybrid system 

The most essential part of wind power systems is the wind turbine. They capture wind energy 

and employ aerodynamically designed blades to turn it into mechanical power. Three blades 

are often utilized. The rotor of an electric generator receives this mechanical energy, which it 

converts to electrical energy. The following Figures 2.33 and 2.35 are the whole model of the 

Simulink design, which are wind generator and wind power system respectively. Figure 3.37 

shows the overall Simulink model of hybrid power system. 

 

Figure 2.33: Modelling of Wind Turbine in Simulink [34] 

 

Figure 2.34: Modelling of Solar Power Generation in Simulink [34] 
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Figure 2.35: Modelling of Wind System in Simulink [34] 

 

Figure 2.36: Design of Boost Converter [34] 

 

Figure 2.37: Modelling of Hybrid Solar and Wind Power System in Simulink [34] 
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ii) Simulation Data 

The study's focus is on a photovoltaic-wind hybrid system with a DC load. Each source 

considers the local surroundings (radiation and wind speed). A voltage sensor and a current 

sensor are also required for each of them to retain the output power despite environmental 

changes. The system becomes autonomous when these two sources are coupled and linked to 

a load of DC. Because the hybrid system employs two linked sources and has a greater effective 

rate than conventional systems that only use one source, it was chosen. Figure 2.38 

demonstrates the relationship between line-to-line output voltage and time. In the rest of the 

section, several necessary simulation waveforms are displayed. 

   

Figure 2.38: Line to Line Output Voltage [34]         Figure 2.39: RMS Voltage [34] 

       

       Figure 2.40: Turbine Rotor Speed [34]             Figure 2.41: Mechanical Torque [34] 
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Figure 2.42: Solar Voltage Output [34]       Figure 2.43: Output Waveforms of System [34]  

 

2.5 Research Gap 

Table 2.6: Research Gap of project. 

Objectives 

 

References 

[31] [32] [33] [34] 

To construct and simulate a model of 

hybrid renewable power system which 

combines the solar power and wind 

power into a generation system 

    

To analyze and evaluate the hybrid 

system’s performance under different 

input condition. 

    

To perform the optimization algorithm 

to regulate the power generation system. 
    
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CHAPTER 3 

METHODOLOGY 

 

3.1 Overview 

For this final year project thesis, there will be several tasks carried out by following the steps 

below: 

1. The hybrid solar and wind power generation system will be modelled and several 

necessary electrical components, especially the power electronics (for the conversion 

of power) will be included to demonstrate the off-grid power generation processes.  

2. The power system is being simulated, analyzed regarding the performance of output 

voltage, current, and power that rely on the load condition, solar irradiance, wind 

intensity, and many more, plus all the output data will be recorded and tabulated in 

the tables. 

3. The optimization methods are applied to produce the most optimum power at the end 

of the power distribution. 

To achieve the three objectives that mentioned before, several steps are necessary to conduct, 

For the first objective: 

1. The solar power system is constructed and modelled. 

2. The wind power system is constructed and modelled. 

3. The power electronics equipment is designed and modelled, which includes the boost 

converters, rectifiers, and inverters. 

4. The battery is modelled as the energy storage for the hybrid system.  

5. The three-phase load side is constructed and modelled. 

6. The sinusoidal pulse width modulation (SPWM) inverter is modelled. 

7. The necessary scopes and data displays are included for the purpose of data records. 

8. The overall system is combined and comes out with the hybrid power system. 

 

 



37 

 

For the second objective: 

1. The solar system is simulated and analyzed alone with different scenarios. 

2. The wind system is simulated and analyzed alone with different scenarios. 

3. The overall hybrid system is simulated and analyzed together with different scenarios. 

4. The input parameters are manipulated to analyze different outputs from uncertainties 

of weather conditions. 

5. The simulated waveform and data such as voltage, current, power and so on is 

recorded, analyzed, and explained. 

6. The data is illustrated in a table and graphical form. 

For the third objective: 

1. The MPPT algorithm is developed and implemented in the form of function coding 

and block models. 

2. The different optimization algorithms which are P&O and Fuzzy Logic are 

constructed and compared regarding their performance. 

 

3.2 Research Type 

 This thesis and research will focus on modelling, simulation, analysis, and 

optimization in the experimental method. The hybrid power system is designed and 

constructed which combines solar photovoltaic power and wind power. The simulation is 

carried out and analysis of the performance of either single system, or multiple system will 

be undergoing too at various condition. Furthermore, the MPPT control algorithm is 

implemented to optimize and regulate performance. 

 

3.3 Research Tools 

 The MATLAB Simulink will be used to do modelling for this final year project. 

Simulink is a MATLAB-integrated simulation and model-based design environment for 

embedded and dynamic systems. Simulink is a data flow graphical programming language 

tool for modelling, simulating, and evaluating multi-domain dynamic systems. Simulink was 

also created by MathWorks. It functions primarily as a graphical block diagramming tool 

with a collection of block libraries that are customizable. It enables you to import MATLAB 
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algorithms into models and export simulation data for additional analysis into MATLAB. 

Simulink may use analysis of model coverage, requirements traceability, and modelling style 

to systematically verify and validate models. With the help of Simulink Design Verifier, you 

may find design flaws and create test case scenarios for model checking [35]. 

 With these features of this tool, the hybrid solar and wind power system can be 

modelled, simulated, and analyzed in the graphical method. It can help to demonstrate the 

real system in the small scale, after the design of components and setting of the parameters, 

the desired output results can be obtained in the form of waveform, reading of the values, 

throughout the scopes and data displays. For the simulation in MATLAB Simulink, the 

system can be analyzed under several conditions by only changing the input parameters from 

the solar PV panels, wind turbines, wind generators, and so on. The scopes and displays will 

help to show all the relevant output parameters after the simulation. Other than that, the 

optimization of the power system also can be performed by inserting either the MATLAB 

function block, that contains the necessary C++ programming coding, or the graphical layout 

of the mathematical operation. In this case, the MPPT is applied to the system to get the 

maximum and most optimum power from the generation to the load side (consumer). 

3.4 Project Workflow 

 

 

 

 

 

 

 

 

 

 

 

Start 

Searching and reviewing the relevant 

studies from others, regarding the 

modelling, simulation, analysis, and 

optimization of hybrid solar and wind 

power system. 

Design and construct a 

Simulink model of hybrid power 

system. 

Implementation of MPPT 

algorithm (P&O and Fuzzy) in 

MATLAB function coding and 

MATLAB function block form. 
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The setting of parameters for the 

generation parts, energy storage, and 

power electronics parts. 

Simulation and recording of the 

output data at initial state. 

It runs 

successfully 

and produces 

the output. 

Carry out the analysis of the hybrid system 

performance at different types of scenarios. 

End 

YES 

NO 

The optimization methods are applied and 

compared regarding the performance. 
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3.5 Modelling of System 

3.5.1 Simulink Model of Hybrid Power System 

 For this final year project, an off-grid renewable energy-based and hybrid power 

system is constructed using MATLAB Simulink by collecting the ideas comes from the 

research concepts, methodologies, and layout of simulated system of other 

authors/researchers, that are already discussed in Chapter 2. At the end, a simplified hybrid 

system is illustrated in Figure 3.5, which contains a solar power system (Figure 3.3), a wind 

power system (Figure 3.4), an energy storage system (Figure 3.1), and the AC load demands 

(Figure 3.2). Overall modelling of hybrid system will be shown in Appendix B. Further 

details of all essential components such as solar panels, wind turbines, converters, inverters, 

and so on will be discussed in the next section. 

 

Figure 3.1: Energy storage system 

 

 

Figure 3.2: AC Load side (consumer) 
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Figure 3.3: Solar power system configuration 

 

Figure 3.4: Wind power system configuration 
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Figure 3.5: Overall hybrid solar and wind power generation system 

 

3.5.2 Parameter Settings and Mathematical Formulas 

i) Solar PV Arrays 

The PV cell is the basic building block of the PV array. PV cells connected in series, 

parallel, or a mix of the two to form a larger PV structure known as an array. In general, the 

overall surface area of the array determines how much power it will produce. PV arrays serve 

as the primary energy source in a comprehensive PV system. Solar power is converted into 

DC electricity using PV cells. Compared to PV cells, PV modules produce more power. In 

this case, the Hanwha Q Cells Q. Peak Duo L-G5 will be used as the associated solar panels, 

the module datasheet is shown in Figure 3.6, and the I-V characteristic curve and P-V 

characteristic curve are also shown in Figure 3.7. For this project, there will be 5 (series) and 

5 (parallel) arrays configuration is applied, in total the solar able to generate approximately 

10kW power in ideal condition. For the reference, the current in the array is increased by a 

parallel connection, the voltage of the module is increased by series connections. Series 

resistance is extremely low, whereas shunt resistance is infinite. 
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Figure 3.6: Solar panel datasheet 

 

Figure 3.7: I-V and P-V curves, given temperature equals to 25oC 

The formula for the output current is given by: 

      𝐼=𝐼𝑝ℎ−𝐼𝑠×𝑒
[𝑉+𝐼.𝑅𝑠)

(𝑁.𝑉𝑡−1)…………….1 

Where Iph = the actual current from the photon, Rs = shunt resistance, Is = saturation diode 

current, Vt = thermal voltage, and N = quality factor. 
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The formula of short circuit current is given by: 

…………….2 

The open circuit voltage is given by: 

…………….3 

 And generated power from the solar is given by: 

…………….4 

ii) Wind Turbines 

Wind energy is a limitless, environmentally benign source of power. A wind energy 

producing system may also be one of the fascinating sources of renewable energy for future 

need. The amount of mechanical energy that has been converted depends on the wind speed 

and air density. It does this by transforming wind kinetic energy into mechanical energy. In 

the Simulink, the parameters and characteristics of the wind turbine are shown in Figure 3.8 

and Figure 3.9 respectively. Initially, the speed of generator is set at 1.2.p.u, the wind speed 

is set at 12 m/s, and pitch angle is regulated at zero. 

 

Figure 3.8: Parameter setting 
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Figure 3.9: Characteristics curve of turbine 

The pitch angle is the angle at which the wind first interacts directly with the wind 

turbine blade surface. For simplicity, it has been set to zero. Wind turbines generate 

mechanical torque as their output (Tm). The following formula gives the wind turbine's 

output power. 

…………….5 

Where Pm = output mechanical power drawn from the wind turbine in Watt (W), Cp = 

coefficient of the performance, p = density of fresh air in kg/m3, β = pitch angle of the rotor 

blades, A = surface area swept by the turbine blades, and λ = tip speed area that is the ration 

between the power coefficient and torque coefficient of the rotor. 

An AC output waveform is what the PMSG produces as its output waveform. Using 

a rectifier, the Alternating output is corrected. Between the PMSG and the rectifier circuit 

lies a high value resistor. It uses a simple diode bridge rectifier. In the Simulink, a permanent 

magnet synchronous machine is used, and the specification is illustrated in Figure 3.10. 
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Figure 3.10: The system specification of the AC generator 

iii) DC-DC Step-up Converter 

A DC-DC power converter with a boost converter—also known as a step-up 

converter—has a higher output voltage than its input voltage. This type of switched-mode 

power supply (SMPS) has at least two semiconductor switches (a diode and a transistor), as 

well as one or both of the following as an energy storage component: a capacitor, an inductor, 

or both. To produce output voltage ripple, filters built of capacitors are typically added to the 

converter's output (occasionally in conjunction with inductors). An inductor's propensity to 

withstand fluctuations in current is the fundamental idea behind the boost converter. The 

output voltage of a boost converter is always greater than the input voltage. Therefore, the 

unstable and limited generated voltage from the hybrid system can be stepped-up so that the 

consumer side can get desired demand of energy. 

Next, the design and specification of the boost converter is essential to idealize the 

power system conversion. The next section will list out all the relevant mathematical 

formulas for the design. 

The duty cycle is expressed as: 𝐷=1−(
𝑉𝑠

𝑉𝑜
) …………….6 

The ripple current is given by: Δ𝐼𝐿=
𝑉𝑠.𝐷

𝐿𝑓
…………….7 

The inductance is calculated as: 𝐿=
𝑉𝑠.𝐷

ΔIL.f
…………….8 

The voltage ripple is expressed as: ΔVc=
Io.D

C.F
…………….9 

The capacitance is given by:   𝐶=
𝐷.𝐼𝑜

ΔVc.f
…………….10 
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Figure 3.11: Boost chopper in Simulink 

iv) Three-Phase Uncontrolled AC-DC Rectifier 

Six diodes are used in the three-phase AC-DC rectifier. Three legs of diodes make up 

the arrangement. There are two series-connected diodes on each leg. The positive group of 

diodes is comprised of the higher diodes. The negative group of diodes consists of the lower 

diodes. When the supply voltage is at its highest on the positive anode, the positive set of 

diodes conduct. When the voltage is the greatest negative at the anode, the negative group of 

diodes connect. In this case, the rectifier is applied to convert the generated output from the 

wind turbines and generator, that is AC power into DC power that required by the energy 

harvesting with the solar generation. 

 

Figure 3.12: Three-phase uncontrolled full-wave rectifier 
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v) SPWM Three-Phase Inverter 

It is a device that is used to convert a constant DC input voltage to controlled three -

phase AC voltage. There are two levels of controlled switches, one is upper controlled 

switches (S1, S3, S5), another one level is lower controlled switches (S2, S4, S6). The 

configuration can be referred to Figure 3.13. The three-phase inverter have three legs, each 

of them is connected to one of the three-phase voltages. The controlled switch used is 

MOSFET, alternatively, the circuit is observed that having two halves, the positive half 

consisting of S1, S3, S5, and negative half consisting of S2, S4, S6. The switch points out is 

1, but the switch state is 0 if both changes—one upper and one lower—conduct 

simultaneously so that the actual output voltage is +Vs or Vs. The inverter switches from one 

point out to another condition to produce a certain wave shape. In the simulation, it is added 

with the pulse width modulation, which is the method used to control the output voltage 

(amplitude and frequency) of the inverter by modulating the width of the pulses of the output 

waveforms. 

SPWM, or Sinusoidal Pulse Width Modulation, is used in the inverters to generate a 

high-quality sinusoidal output waveform from a DC power source. In an SPWM inverter, the 

goal is to approximate a sinusoidal waveform by rapidly switching the DC voltage at a high 

frequency. The basic principle of SPWM involves comparing a reference sinusoidal 

waveform with a high-frequency carrier waveform. The reference waveform represents the 

desired output waveform, typically a sinusoid, while the carrier waveform is a high-

frequency triangular or sawtooth waveform. 

The SPWM technique operates by comparing the instantaneous value of the reference 

waveform with the carrier waveform. Based on this comparison, the width (duration) of the 

pulses in the carrier waveform is varied. When the reference waveform amplitude is higher 

than the carrier waveform, the pulse width is increased, and when the reference waveform 

amplitude is lower, the pulse width is reduced. This variation in pulse width generates a pulse 

train that closely approximates the desired sinusoidal waveform. By adjusting the pulse width, 

the SPWM inverter controls the magnitude and shape of the output voltage waveform. The 

switching frequency of the pulses is typically much higher than the fundamental frequency 

of the desired output waveform. This high-frequency switching reduces harmonics and 

improves the quality of the generated sinusoidal waveform. For clear illustration, the control 

blocks of SPWM is constructed and displayed in Appendix B. 
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Figure 3.13: Three-phase inverter 

vi) Energy Storage 

When a PV array generates more electricity than the load can use, energy storage uses 

batteries to supply the energy needed to keep the load running. The battery is used as the 

back-up storage of the energy when both the wind and solar system are unable to provide 

sufficient power to the consumer. The batteries can store the charges and discharge the 

current to the load while it is necessary. 

vii) Load Demands 

The system's load is a distribution feeder that uses the electricity generated by the PV 

system and the wind power system. It consists of capacitive, inductive, and resistive loads. 

It also the last phase of an electrical power system involves delivering electricity to the load 

and is known as electrical power distribution. This section's main duty is to transport power 

from hybrid system to loads in individual consumers across various social strata. 
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viii) MPPT Modelling and Optimization 

 Theoretically, the hybrid system will only generate 20 percent to 30 percent of 

converted electricity. Therefore, a MPPT is very crucial to include in the system so that it 

can enhance the power to the maximum point There are two different types of power 

optimization of MPPT will be used and compared, which is Perturb and Observe algorithm, 

and Fuzzy Logic Controlled based MPPT. For the P&O method, it is a way of locating the 

maximum PowerPoint. By repeatedly increasing and decreasing the output voltage at a given 

spot on the solar PV module, the MPP is obtained using this approach. This technique is a 

straightforward and effective way to follow the sun at MPP. The variation in the output 

voltage from the PV Module determines how well this strategy works. To perform the 

tracking process, a comparison between the output voltage at one point in the PV module 

and the prior value at a previous location in the solar cell is made. The algorithm then operates 

in accordance with the voltage's increase and reduction, which means the sunlight irradiance, 

temperature, wind speed, and mechanical power from the turbines. The modelling of 

algorithm is illustrated in Figure 3.14. Another relevant coding will show in Appendix B. 

 

Figure 3.14: MATLAB function block of Perturb and Observe Algorithm 

 In another way, a FLC allows for rapid prototyping since the system designer does 

not need to fully understand the system before starting because it will reach steady state more 

quickly. Unlike typical logic controllers, FLC can handle non-linearity and does not need a 

precise mathematical description of the system. The fuzzy logic controller and MPPT 

algorithm are coupled in this concept. The MPPT file that is kept in the fuzzy logic controller 

contains the rules and membership functions needed to get the solar PV module's maximum 
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output voltage. The input to the fuzzy block comes from the input power block, which also 

provides the fuzzy logic controller with signals of changes in voltage and power. The output 

of the fuzzy logic controller is then provided to the output block, which modifies the signal 

using the appropriate repeated sequencing signal. The output is then provided to the buck-

boost converter, also known as the gate drive. The stored membership function and rule 

assessments determine the fuzzy logic controller's output. Figure 3.15 shows the MATLAB 

function block of Fuzzy Logic MPPT. The fuzzy rule process, membership function, and 

fuzzy rule will be illustrated in Appendix B. 

 

Figure 3.15: MATLAB function block of Fuzzy Logic MPPT 

 

3.6 Process of Simulation and Analysis 

 Previously, the Simulink model has been constructed and designed with necessary 

systems such as solar generation, wind generation, power electronics, energy storage, and 

load demands. The scopes and displays are included for the purpose of the data recordings. 

The hybrid system is then simulated with different types of scenarios. The first simulation 

and analysis are conducted in solar power system alone, and second step goes to the wind 

power system operates alone, and the third step is simulating and analyzing the whole hybrid 

system. 

3.6.1 Solar PV System Operates Alone 

 In the Simulink, it is chosen of 5 series and 5 parallel connections of solar panels, and 

they will produce approximately 10kW of power to the load. For performance analysis, it is 

initially set the solar irradiance at 1000 W/m2 and the cell temperature at 25oC, which means 

the ideal operation of the solar array that can generate the maximum power from the sun 

radiation. 
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Figure 3.16: Inputs to PV arrays 

 The different scenarios will be simulated with different weather conditions, which 

include sunny days, rainy days, and cloudy days. To demonstrate the real situation at the 

solar power plant, it is simulated with different solar irradiance and cell temperature of the 

solar panels. For instance, the first case is set at 1000W/m2 and 25oC, the second case is set 

at 700W/m2 and 45oC, and vice versa. After the input setting and the simulation, the system 

is analyzed and several output parameters are recorded in the way of waveforms and scope 

data, plus the relationship graphs between inputs and outputs. 

3.6.2 Wind System Operates Alone 

 In the Simulink, it is initially 10kW of nominal mechanical output power and 10 m/s 

of wind speed has simulated and the permanent magnet synchronous AC machine is used in 

the power generation. In real case, it is not always windy weather happening in the wind 

plant area. Therefore, the simulation and analysis of different wind speed and pitch angle 

will be done to demonstrate the working operation in real scenario. For example, the first 

scenario is regulated at 4 m/s of wind speed and 5o of pitch angle, for the second scenario is 

regulated at 10 m/s of wind speed and 0o of pitch angle, and vice versa. 

 

Figure 3.17: Inputs to wind turbines 
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 After the simulation, the wind system is analyzed with several output parameters such 

as rotor speed, torque power, voltage, current, and generated power versus time. The data is 

recorded in the form of waveforms and scope data, plus the relationship between those 

relevant output quantities will be tabulated in table and statistical graph. 

3.6.3 Hybrid System Operate with battery storage and load. 

 In this case, both renewable energy systems are working synchronously in the 

scenario of sunny and windy weather. The hybrid system (in Figure 3.5) can produce the 

optimum output not only to the load, but also the energy storage (battery) for the 

accumulation of back-up electricity. The system is assumed to be ideal way, for example the 

first scenario is set at 4m/s of wind speed, and 800 m/s of solar irradiation, it is observed that 

the input parameters are both in the optimum and sufficient level. The different scenario will 

be simulated, and the output voltage, current, and power will be recorded by the scopes at 

the consumer side. The relationship curve will also plot for the clear illustration of analysis. 

 

3.7 Optimization Process (MPPT) 

 In the hybrid system, the presence of MPPT is essential to generate the maximum 

power point tracking the load. In this project, the MPPT is connected to the boost converter 

for the conversion of voltage level from the power generation to the load and energy storage. 

There are two types of mathematical algorithms that will be used in the optimization, which 

is P&O algorithm based MPPT, and FLC based MPPT. The flowchart of the P&O algorithm 

is shown in Appendix B, while the stages of FLC controller are shown in Appendix B too. 

The two methods have applied to the hybrid system separately, the first simulation is 

done with P&O controller, the second simulation is done with FLC. Both methods are 

compared regarding their output waveforms of power, current, and voltage. The oscillation 

rate, response rate, and efficiency will be analyzed and evaluated after the end of the 

simulation.  
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 Overview 

 This section will show all relevant data collection in the form of simulation graphs by 

using MATLAB, Simulink. The simulation will be divided into several scenarios, which 

includes the solar PV operates alone, wind system operates alone, hybrid system operates with 

the integration of energy storage (battery), and hybrid system operates with two different 

optimization algorithms (Perturb & Observe Algorithm, Fuzzy Logic Algorithm). After the 

simulation, the data are collected, analysed, and discussed which includes the voltage, current, 

power, frequency, battery state of charges, efficiency, and so on. Different input parameters 

are configured and adjusted such as solar irradiation, ambient temperature, wind speed, pitch 

angle, load demands, and battery capacity. These simulation graphs are analysed and discussed 

based on the system changes. The optimization, which is Maximum Power Point Tracking 

(MPPT) algorithms are applied to the hybrid system and the performance are analysed and 

discussed too. Two different algorithms are analysed and compared based on the output 

waveforms. Those procedures and results have all fulfilled three objectives of this Final Year 

Project. 

 

4.2 Scenario 1: Solar PV power system operates alone. 

Simulation results are carried out for an array consists of 5 series modules and 5 parallel 

modules (in ideal condition, it will produce approximately 10kW of maximum output power). 

The user defined attributes of each module used are as follows; open circuit voltage (Voc) is 

48.5V, short circuit current (Isc) is 10.14A, voltage at MPP (Vmp) is 40.4V, current at MPP 

(Imp) is 9.66A, cells per module is 24, series resistance is 0.27185Ω, and parallel resistance is 

511.09 Ω. The simulations will divide into two parts, by manipulating the input parameters to 

the solar array, which are manipulating the solar irradiance and ambient temperature. The solar 

array has connected to the boost converter, and the power, voltage, and current are collected 
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and analysed. Table 4.1 shows the parameter settings of each case in solar power system. The 

solar power system is simulated under different solar irradiance levels and ambient temperature 

to observe its response and analyse the power output. This can help to understand how the 

system performs under varying sunlight conditions, such as clear sky, cloudy weather, or panel 

shading effects.  

Table 4.1: Input parameter settings for solar power system 

Case Solar irradiance (W/m2) Ambient temperature (oC) 

1 1000 25 

2 700 25 

3 700 45 

 

In this section, the output waveform results are obtained for each case, regarding the boosted 

voltage and current, power of the solar array, and output power after the boost converter. 

 

Case 1: 1000W/m2, 25oC 

 

Figure 4.1: Voltage of solar arrays and boosted voltage in Case 1  
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Figure 4.2: Current of solar array and boosted current in Case 1 

 

 

Figure 4.3: Power of solar array and output generated power in Case 1 
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Case 2: 700W/m2, 25oC 

 

Figure 4.4: Voltage of solar arrays and boosted voltage in Case 2  

 

 

Figure 4.5: Current of solar array and boosted current in Case 2 
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Figure 4.6: Power of solar array and output generated power in Case 2 

 

Case 3: 700W/m2, 45oC 

 

Figure 4.7: Voltage of solar arrays and boosted voltage in Case 3  
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Figure 4.8: Current of solar array and boosted current in Case 3 

 

Figure 4.9: Power of solar array and output generated power in Case 3 

 

Figure 4.10: Graph of output power versus solar irradiance 
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The simulation results of the solar power system under different solar irradiance levels and 

ambient temperatures provide valuable insights into the performance and its response to 

varying sunlight conditions. Analysing the output waveforms, we have observed that as the 

solar irradiance increased from Case 2 (700 W/m2) to Case 1 (1000 W/m2), the boosted voltage 

shows a corresponding rise, which rise from 297.9V to 343.3V, while boosted current rise from 

2.979A to 3.433A. This indicates that the system effectively captures and converts more solar 

energy into electrical power with higher irradiance levels. However, in Case 3 (700 W/m2, 

45°C), although the solar irradiance is the same as in Case 2 (700 W/m2, 25°C), the ambient 

temperature has a noticeable impact. It has a small change about 0.031A/31V. The boosted 

voltage and current are slightly lower in Case 3, causing a decrease in system efficiency due to 

elevated temperature. As a result, for the output power, there is a slightly drop from 8.874kW 

to 8.692 kW, when the ambient temperature varied from 25oC to 45oC. 

Regarding the power output of the solar array, consistent with expectations, higher solar 

irradiance levels resulted in greater power generation. In Case 1, with the highest irradiance of 

1000 W/m2, the power output of the solar array is 10.52kW, it is significantly higher compared 

to the other cases. Conversely, in Case 2, a lower solar irradiance level, the power output is 

7.425kW that is comparatively lower. Examining the output power after the boost converter, 

we found that it closely followed the power output of the solar array. The converter has 

enhanced the output parameters for instance, Case 2 produces 8.874kW of boosted power 

compared to non-boosted power of 7.425kW. This indicates that the boost converter efficiently 

regulated and maintained a stable output power, regardless of varying solar irradiance and 

ambient temperature conditions. The MPPT algorithm that connected to the boost converter 

has enhance the efficiency as it tracks the maximum point of power, the highest point of 

intersection of voltage and current. Therefore, we can notice Figure 4.10 has showed the 

relationship of output power and solar irradiance, the higher the solar irradiance, the more 

generated power from solar array and MPPT converter. In real case, it is not always denoted 

the maximum amount of sunlight towards the solar panels, therefore the different analysis are 

done at this stage as we can estimate the level of generated power based on different level of 

solar irradiance. 

 On another hand, it was clear to notice there is a difference in waveforms between 

boosted and non-boosted side. We have observed that there is a great ripple in current, voltage 

and power at non-boosted side. This means there is a fluctuation of output waveforms due to 

the harmonics and switching transient from the input side. Plus, the MPPT algorithm enhances 
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and reduces the oscillation of waveform that might causes the decrease of efficiency, reliability, 

and stability. To sum up, it is worth noting that the system performed well under different 

sunlight conditions, including clear sky, cloudy weather, and shading effects. It is not always 

the desired solar irradiance all the time. Therefore, the simulations have demonstrated the 

system capability to adapt and generate power across varying solar irradiance and ambient 

temperature scenarios. In Malaysia, it is very crucial to use solar energy as the average daily 

solar irradiance is ranged from 400W to 700W, especially at peak hour (can up to 1kW) and 

the dry season (March to September). It is seen the solar system can provide power at 

continuous rate as the solar irradiance level is stable. Therefore, the solar system can provide 

an alternate output power to the consumer and the integration of wind and energy storage are 

also included. 

 

4.3 Scenario 2: Wind power system operates alone. 

Simulation results are carried out for a wind power system consists of wind turbine, permanent 

magnet synchronous machine, and other necessary power converters (in ideal condition, it will 

produce approximately 10kW of maximum output power). The simulations will divide into 

two parts, by manipulating the input parameters to wind turbine, which are manipulating the 

wind speed and pitch angle of the blades. Table 4.2 shows the parameter settings of each case 

in wind power system. The wind power system is simulated under different wind speed and 

pitch angle to observe its response and analyse the power output. This can help to understand 

how the system performs under varying weather conditions, such as clear sky, cloudy weather, 

or windy weather. 

Table 4.2: Input parameter setting to wind power system. 

Case  Wind speed (m/s) Pitch angle (0) 

1 4 5 

2 10 0 

3 10 5 
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In the next section, the output waveform results are obtained for each case, regarding the 

turbine rotor speed, AC and DC voltage, current, and power that located at rectifier side and 

booster side. 

 

Case 1: Pitch angle = 5o, wind speed = 4m/s 

 

Figure 4.11: Turbine rotor speed in Case 1 

 

 

Figure 4.12: AC voltage and current waveform in Case 1 
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Figure 4.13: Rectified DC voltage and current in Case 1 

 

 

Figure 4.14: AC power and DC power in Case 1 
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Case 2: Pitch angle = 0o, wind speed = 10m/s 

 

Figure 4.15: Turbine rotor speed in Case 2 

 

 

Figure 4.16: AC voltage and current waveform in Case 2 
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Figure 4.17: Rectified DC voltage and current in Case 2 

 

 

Figure 4.18: AC power and DC power in Case 2 
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Case 3: Pitch angle = 5o, wind speed = 10m/s 

 

Figure 4.19: Turbine rotor speed in Case 3 

 

 

Figure 4.20: AC voltage and current waveform in Case 3 
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Figure 4.21: Rectified DC voltage and current in Case 3 

 

 

Figure 4.22: AC power and DC power in Case 3 
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Figure 4.23: Graph of output power versus wind speed 

Analyzing the output waveforms, we have observed that as the wind speed increases 

from Case 1 (4 m/s) to Case 2 (10 m/s), the turbine rotor speed shows a corresponding rise., 

which increases from 300rad/s to 1378rad/s. This demonstrates the system ability to capture 

and convert more wind energy into mechanical rotation, which ultimately contributes to 

higher power generation. Additionally, in Case 3 (10 m/s, 5° pitch angle), where the pitch 

angle of the blades was adjusted, a great increment in turbine rotor speed is observed 

compared to Case 2, which increased from 1378rad/s to 1653rad/s. This highlights the impact 

of blade pitch angle on controlling the turbine speed and optimizing power output. 

Examining the AC and DC voltage, current, and power at the rectifier, we found that 

they closely followed the variations in the turbine rotor speed. As the rotor speed increased, 

there was a corresponding increase in the AC and DC power generated by the wind power 

system. For example, at 10m/s of wind speed and 5o of pitch angle, the DC voltage and 

current are 571V and 3.997A respectively, the rectified power is 2271W, at the level of rotor 

speed equals 1653rad/s. This indicates that the system efficiently converted mechanical 

energy into electrical energy for both rectification and boosting stages. Meaning to say, we 

can come out with the conclusion that the higher the mechanical power from the wind turbine 

and AC machine, the more converted DC power to the load.  However, it is impossible the 

wind power to be fully harvested all the time. There is another case that the mechanical power 

is less due to lowering of wind speed, like Case 1, there is only 4m/s of wind speed, and it 

only produces 250W of output power. Therefore, it is important to have the hybrid system if 

there are limited wind speed presents. On another hand, although the mechanical power is 

set at 10kW, after the power has been converted, it only produces 20 percent of converted 

electrical power as it cannot reach the Betz limit. 
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By analyzing Figure 4.23, the wind speed will change the output electrical power to 

the load. The wind generator produces from 0.04kW of power at wind speed equals to 2m/s 

and rises to 3.22kW of power at wind speed equals to 16m/s. To understand the wind power 

curve, the level at 2 m/s is classified as cut-in wind speed, the generated power in the low-

speed wind is not sufficient to overcome friction in the drive train of the turbine. At the level 

at 12 m/s, it is classified as the rated wind speed and the generator can deliver the rated power 

to the load. At the level of wind speed up to an extreme level, the wind is too strong, and it 

can damage the wind turbine. This wind speed is called cut-out or the furling wind speed. A 

brake is required at this stage to regulate the turning speed back to rated range. 

It is noteworthy that the system performed well under different weather conditions, 

including varying wind speeds, and system configuration, which is pitch angle of the blades. 

This demonstrates its ability to adapt and generate power across different wind scenarios, 

such as calm weather and windy conditions. The simulation results provide valuable insights 

for the design and optimization of wind power systems. The findings emphasize the 

importance of considering wind speed and blade pitch angle in analyzing system 

performance and optimizing power generation. These results contribute to a better 

understanding of the wind power system response to varying wind conditions and provide 

guidance for developing more efficient and reliable renewable energy systems. The findings 

can inform future research on wind turbine technologies, grid integration, and the overall 

utilization of wind energy resources. In Malaysia, it has two distinct monsoon seasons: 

southwest (May/June to September) and northeast (November to March). During the 

southwest monsoon, wind speeds are typically below 7 m/s, whereas during the northeast 

monsoon, wind speeds can reach up to 15 m/s along the east coast of Peninsular Malaysia. 

Therefore, the wind system can operate at its optimum level during these couple months and 

provide extra power to the consumer. 

 

4.4 Scenario 3: Hybrid power system operates.  

The hybrid renewable energy system is operated with the integration of battery storage and 

load, while the load active power is 3kW, and reactive power is 2.25kvar. The hybrid system 

is simulated at different scenarios, by varying the weather conditions, Case 1 will illustrate the 

weather condition at sunny day (800W/m2 of solar irradiance, 4m/s of wind speed), while Case 

2 will illustrate the weather condition at windy day (400W/m2 of solar irradiance, 10m/s of 
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wind speed). The output power, state of charge of battery, load voltage, and load current have 

been recorded and analyzed.  

Case 1: High in solar irradiance and low in wind speed 

 

Figure 4.24: Output power of hybrid system at Case 1 

 

Case 2: Low in solar irradiance and high in wind speed 

 

Figure 4.25: Output power of hybrid system at Case 2 

 



71 

 

 

Figure 4.26: State of charge of battery 

 

 

Figure 4.27: Current and voltage at load after SPWM control 

For this scenario, solar power and wind power have been combined with the integration of 

battery, and supply to the AC load. The two different extreme cases have been simulated and 

compared, by varying the solar output and wind output, which is when solar irradiance is 

high, but low in wind speed, and another case is when wind speed is high, solar irradiance is 

low. By adjusting and simulating the system, we have found that Case 1 produces about 

12.41kW of total power from solar, wind, and battery, while Case 2 produces about 7.19kW 

of total power from solar, wind, and battery. This means that the load will gain enough input 
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power all the time whenever one input is sufficient, and another input is extremely at low 

level. 

 The power output of a hybrid solar-wind-battery power system depends on several 

factors, including the available solar radiation and wind speed. During periods of high solar 

radiation, such as sunny days, the solar panels generate a substantial amount of electricity. 

Similarly, when wind speed is high, wind turbines produce significant power. However, it is 

important to note that solar and wind energy are intermittent and subject to natural variations, 

which can affect the overall power output of the system. Therefore, the battery can play an 

important role in supplying temporary power to the system. At this case, the battery state of 

charge (SoC) is a critical parameter in hybrid power systems. It indicates the amount of 

energy stored in the batteries at a given time. During periods of high solar and wind power 

generation, the excess energy is used to charge the batteries, thereby increasing their Soc. 

Figure 4.26 has illustrated the battery is being charged from its Soc of 80%, rises to 80.015%, 

at the running time of one second. Conversely, when solar and wind power generation is low 

or insufficient, the energy stored in the batteries is utilized to meet the load demand, leading 

to a decrease in Soc.  

 At the load side, SPWM controls the width of the pulses in the inverter output 

waveform to replicate a desired sinusoidal voltage waveform. By varying the pulse width, 

the amplitude of the AC voltage can be adjusted. The average voltage output of the inverter 

is determined by the duty cycle of the PWM signal. A higher duty cycle results in a higher 

average voltage, while a lower duty cycle leads to a lower average voltage. Therefore, by 

altering the duty cycle of the SPWM signal, the load voltage can be regulated to meet the 

desired requirements. Figure 4.27 shows the waveform of AC voltage (second waveform) 

has been controlled in sinusoidal waveform. The SPWM can reduce the requirement of filter, 

the frequency and amplitude can be controlled independently, and the harmonics can be 

reduced at the load so that the losses power is reduced too. Besides that, the load current is 

primarily determined by the load impedance and the load voltage. When using SPWM, the 

load current waveform generally follows the shape of the load voltage waveform. To 

conclude the system, the solar system can provide the maximum power during peak sun 

months/dry season (from March to September), while wind system can provide the maximum 

power during monsoon season (from October to February), plus the energy storage system 

can work as an alternative power generation that provide an extra and temporary electricity 

to the consumer.  
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4.5 Scenario 4: Comparison between two different MPPT algorithms 

For this scenario, voltage, current, and power output waveforms were investigated for two 

distinct Maximum Power Point Tracking (MPPT) algorithms: Perturb and Observe (P&O) 

MPPT and Fuzzy Logic MPPT. The comparison centred on disturbance, efficiency, and 

stability characteristics. 

Case 1: Perturb and Observe Algorithm (700W/m2, 25oC) 

 

Figure 4.28: Voltage of hybrid system and voltage after the P&O MPPT 

 

 

Figure 4.29: Current of hybrid system and current after the P&O MPPT 
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Figure 4.30: Power of hybrid system and output power after the P&O MPPT  

 

Case 2: Fuzzy Logic Controller (700W/m2, 25oC) 

 

Figure 4.31: Voltage of hybrid system and voltage after the Fuzzy MPPT 
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Figure 4.32: Current of hybrid system and current after the Fuzzy MPPT 

 

Figure 4.33: Power of hybrid system and output power after the Fuzzy MPPT 

In terms of ripple, the P&O MPPT algorithm exhibited greater voltage and current 

ripple than the Fuzzy Logic MPPT algorithm. During tracking, the P&O algorithm has a natural 

tendency to oscillate around the maximal power point. The Fuzzy Logic MPPT algorithm, on 

the other hand, demonstrated gentler voltage and current waveforms, indicating a more precise 

and stable monitoring of the maximum power point. Reduced ripple in the Fuzzy Logic MPPT 

algorithm indicates improved overall system performance and reduced component stress. 

Besides that, the efficiency analysis revealed that both MPPT algorithms maximised power 

extraction from the solar panels with respectable levels of efficiency. Nevertheless, the Fuzzy 

Logic MPPT algorithm demonstrated marginally greater efficacy than the P&O MPPT 
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algorithm. This is due to the ability of the Fuzzy Logic algorithm to make more precise 

decisions and adapt to different environmental conditions, thereby ensuring optimal power 

extraction. The higher efficacy of the Fuzzy Logic MPPT algorithm suggests enhanced 

utilisation of the available solar energy, resulting in increased power production. 

Stability is crucial to the operation of an MPPT algorithm because it determines the 

system's robustness and dependability. It is well known that the P&O MPPT algorithm has 

stability issues, particularly in swiftly changing irradiance or load conditions. It may result in 

oscillations and a search for the maximal power point. In contrast, the Fuzzy Logic MPPT 

algorithm demonstrated greater stability, allowing for a more consistent and dependable 

operation under dynamic conditions. The stability of the Fuzzy Logic MPPT algorithm 

guarantees a more consistent power output and reduces the possibility of system instability or 

disruption. 

Based on an analysis of the output waveforms, it can be concluded that the Fuzzy Logic 

MPPT algorithm outperforms the P&O MPPT algorithm in terms of reduced disturbance, 

greater efficiency, and enhanced stability. The gentler voltage and current waveforms provided 

by the Fuzzy Logic MPPT algorithm indicate more accurate and reliable monitoring of the 

maximum power point. In addition, its increased efficacy and stability contribute to improved 

system performance and increased energy production. Therefore, these results emphasise the 

importance of selecting the most suitable MPPT algorithm for solar power systems. The 

superior performance characteristics of the Fuzzy Logic MPPT algorithm make it a promising 

candidate for optimising the power extraction from solar panels. To assure its practical 

application in real-world solar power systems, additional research and development can be 

conducted to refine and optimise the Fuzzy Logic algorithm, considering factors such as 

computational complexity and implementation feasibility. 
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CHAPTER 5 

CONCLUSION 

 

5.1 General Conclusion 

In conclusion, this final year project that titled "Analysis of hybrid solar and wind power 

generation system" has accomplished its goals of constructing and simulating a model of a 

hybrid renewable power system, analysing, and evaluating its performance under different 

input conditions, and performing optimisation algorithms to regulate the power generation 

system. The research provided valuable insights regarding the integration of solar and wind 

power, as well as the incorporation of energy storage, to improve the hybrid system overall 

performance, dependability, and sustainability. The system has included the solar system, wind 

system, battery bank, power converters, PWM controller, and MPPT blocks to produce a 

complete hybrid renewable energy system. 

In simulation and analysis of hybrid model, it is proposed the solar system outputs are 

varied with different solar irradiance and ambient temperature, the wind system outputs are 

varied with different wind speed and pitch angle, the hybrid system outputs are varied with 

different inputs from wind, solar, and load, and the comparison between two distinct MPPT 

methods are done. The waveforms of each current, voltage and power have analysed and 

discussed regarding their changes, relationships, and efficiency. 

This project demonstrated the feasibility and potential of integrating solar and wind power 

sources through the construction and simulation of a hybrid system model. The simulation 

results highlighted the system capacity to seamlessly incorporate renewable energy from both 

sources into a single generation system. The analysis and evaluation of the system behaviour, 

efficacy, and adaptability under a variety of input conditions yielded valuable information. This 

comprehension can guide future hybrid renewable energy system design and implementation. 

In addition, this project effectively implemented two optimization algorithms to control the 

power generation system, which are Perturb and Observe MPPT algorithm, and Fuzzy Logic 

MPPT. The application of these algorithms intended to maximise power generation, improve 
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energy management, and enhance the efficacy of the system. The outcomes demonstrated the 

Fuzzy Logic has the better efficacy of the optimisation algorithms in enhancing power output, 

minimising energy losses, and increasing overall system efficiency. 

 

5.2 Future Recommendation 

1. Implementation in the real world: Future research should concentrate on the 

implementation of the hybrid system model in real-world scenarios. Performance, 

dependability, and scalability of a system can be evaluated through field testing and 

validation. 

2. Advanced control strategies: Research and develop advanced control strategies to 

further improve the performance and efficacy of the system. This may involve the 

incorporation of machine learning algorithms, predictive control methods, and 

adaptive algorithms to optimize power generation and energy management. 

3. Grid integration and power management: Evaluate the hybrid system integration with 

the existing electrical grid infrastructure. Explore power management techniques, 

grid-tie configurations, and grid interaction protocols to facilitate the efficient and 

seamless integration of renewable energy into the grid. 
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APPENDIX A 

Table 6: Gantt Chart for FYP 1 
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APPENDIX B 

 

Overall hybrid solar and wind power generation system with the integration of battery bank. 
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Perturb and Observe MPPT algorithm

 

P&O flowchart 

 

P&O coding 
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Fuzzy Logic MPPT 

 

Stage of FLC  

 

FLC control page 

 

Membership function of input dPpv 

 

Membership function of input dVpv 
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Membership function of output dVout 

Table 7: Fuzzy rules  

dPpv 

dVpv 

NB NS ZE PS PB 

NB PB PS NB  NS NS 

NS PS PS NB NS NS 

ZE NS NS NS PB PB 

PS NS PB PS NB PB 

PB NB NB PB PS PB 

 

SPWM Inverter Control 

 

Simulink block of SPWM controller 


