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ABSTRACT 

 

 This project is about energy hybrid system for generating electricity. Energy is 

considered as a major component in the generation and significant factor in economic 

development. Using a wind turbine as a medium to generate electricity produce no air and 

water pollution and no greenhouse gasses while producing electricity. The common problem 

of using a wind as a main energy to generate electricity is the speed of a wind that can’t be 

constant. Sometimes the wind is too strong and sometime the wind will be zero strength. In 

order to overcome this problem, the hybrid system technologies is use. The expected result 

was shows the active power and frequency variation of wind diesel hybrid system with battery 

energy storage. The expected result was defined based on previous research of wind diesel 

hybrid system. From the result, the conclusion can be made that wind diesel hybrid system 

much more effective and low in power consumption. As for the recommendation, the 

performance and efficiency of the wind diesel hybrid system will be increases if there is an 

additional system controller that can manage the power consumption of wind diesel hybrid 

system. Hence, the improvement can be made in order to achieve the performance and 

efficiency of the wind diesel hybrid system. 

 

 

 

 

 

 

 

 



 

 

 

ABSTRAK 

 

 Tenaga dianggap sebagai komponen utama dalam generasi dan faktor penting dalam 

pembangunan ekonomi. Menggunakan turbin angin sebagai medium untuk menjana tenaga 

elektrik dapat mengurangkan menghasilkan pencemaran udara, air dan tiada gas-gas rumah 

hijau. Masalah biasa menggunakan angin sebagai tenaga utama untuk menjana elektrik adalah 

kelajuan angin yang tidak sekata. Dimana ada keadaan angin terlalu laju dan ada keadaan 

angin terlalu perlahan atau tidak ada angin. Masalah ini dapat diatasi melalui pengunaan 

teknologi sistem hybrid. Tujuan proses ini dijalankan adalah untuk memantau kuasa dan 

frekuensi  sistem hibrid diesel angin bersama tenaga bateri. Keputusan yang diperoleh telah 

ditakrifkan berdasarkan penyelidikan yang dilakukan sebelum ini mengenai sistem angin 

diesel hibrid. Daripada hasil yang diperolehi, kesimpulan boleh dibuat ialah sistem diesel 

angin hibrid adalah lebih cekap dan rendah penggunaan kuasa berbanding sistem penjanaan 

lain. Prestasi dan kecekapan system angin diesel hibrid  akan meningkat jika terdapat satu 

sistem pengawal tambahan yang boleh menguruskan penggunaan kuasa sistem angin diesel 

hibrid. Oleh itu, penambahbaikan boleh dibuat untuk mencapai prestasi dan kecekapan sistem 

angin diesel hibrid. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Research Background 

 

Nowadays the electricity demand among many country has been increase. Because of 

that, engineer has been introduce the hybrid system technologies to overcome the problem 

with power system reliability and stability. For a certain areas that is far from the grid such as 

rural area, the hybrid system with renewable energy sources, like wind energy, biomass, and 

hydroelectric is the best way to solve the power supply problem. But every generation method 

has their disadvantages. Like wind energy itself, the main problem of using wind to generate 

electricity is the velocity of wind that might be unstable. If the speed of wind is at a good 

circumstance, the wind turbine generator can sustain electricity at a lowest cost possible but if 

speed is low or not constant there will be a problem to the generation system and become 

inefficient generation during the cycle.   

 

By using hybrid system technologies such as wind diesel hybrid system the problem 

can be solve. The main reason why diesel generation is used in this system is to obtain a 

maximum contribution by the intermittent wind resource to the total produced power thus 

providing continuous high quality electric power [1]. The battery energy storage is added in 

the system to prevent reverse power in diesel generator during wind diesel modes. All the 

simulation and concept will be used Matlab Simulink software for the analysis purpose.   
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 1.2 Problem Statement 

 

The energy demand has increased observably in the past period of time and it is 

expected to increase even faster and significantly in the near future. The non-renewable 

sources of energy are a natural resource which cannot be produced and its existence is limited, 

where the renewable source is a natural resource which can be replenished naturally. The 

supply of non-renewable sources is quite limited. 

 

That is why modern researchers have been concentrating on non-conventional and 

renewable resources like wind, solar, biomass, and hydroelectric. By combining any two or 

more than two energy resources a hybrid power system can be obtained. The hybrid system 

require to be proved its stability, durability and life cycle. On the previous research related on 

this topic state that normally domestic load on urban areas demand 25kWh a day. Therefore, 

the best solution to overcome and provide that big amount of load is by using wind diesel 

hybrid system for the generation. 

 

 

1.3 Objectives  

 

The following are the objectives of this project: 

1. To study the operation of Wind Diesel Hybrid technologies electricity supply with 

various condition. 

2. To design and simulate Wind Diesel Hybrid System with Battery Energy Storage 

System using Matlab Simulink software. 

3. To analyze the frequency variation of the system in all Wind Diesel Hybrid System 

condition. 
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1.4 Scopes 

 

The scopes of this project are: 

1. To apply the Battery Energy Storage (BES) in Wind Diesel Hybrid System. 

2. Observe the power management of Wind Diesel Hybrid System in deference 

condition of wind speed. 

3. The project has been done using Matlab Simulink Simulation Software. 

 

 

1.5 Structure of Report 

 

This report contains five chapters covering all details of the project.  The first chapter 

is about the introduction of this project as the project background, problem statement, 

objectives, and scope.  It was followed by Chapter 2 provides a literature review of previous 

research on Hybrid Systems Wind Diesel (WDHS). Chapter 3 describes the methodology used 

in the manner or method used in the projects, operations with appropriate description and flow 

chart. Next, in Chapter 4 describes the data analysis, the results obtained from the simulation 

project, and discussions on this issue will show and discussed in detail. And for the last is 

chapter is Chapter 5, which discussion about the results of the simulation project will be 

concluded by the end of this chapter. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 Introduction 

 

This chapter about the general project concept and theory that has been use in the 

project. The main objective for this chapter is to explain and interpret method use by the 

former researcher or conference paper that related to this project. Besides that, this chapter will 

present the solution to troubleshoot the project simulation error and problem. Theoretical 

information is very important in order to help researcher improve understanding about the 

research.   

 

 

2.2 Hybrid System 

 

In engineering dictionaries, the hybrid system is define as a combining or collection of 

two or more energy of different electricity generation mode either renewable or non-renewable 

energy. There are various size of the hybrid system that is from a standalone to large 

centralized electricity grid with different size of power supplies. They are many type of hybrid 

power system used to generate the electricity such as wind turbine with diesel engine, and 

solar photovoltaic (PV) with diesel engine. The hybrid power usually used renewable 

technologies such as wind, biomass and hydroelectric in order to reduce power consumption in 

other modes of generation and improve system efficiency [2].  
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Figure 2.1: Control System for Hybrid Power [7] 

 

2.2.1 Characteristics of Hybrid Energy Systems 

 

 The characteristic of the hybrid system that will be use is depends on the requirement 

needed. The most important characteristic that need to be considered to the hybrid system is 

whether the system is isolated or connected to the utility grid [3]. 

 

 

2.2.2. Central Grid Connected Hybrid Systems 

 

The voltage and frequency need to be controlled by the utility system to reduce the 

number of component that need to be used and simplify the design of the hybrid system that is 

connected through the utility grid same as diesel generator application. The utility grid usually 

supply a reactive power. When the energy required by the hybrid system is insufficient, the 

utility grid will provides the energy to the hybrid system immediately. In addition, if anything 

happen and energy supplied in the hybrid system is exceed to a certain amount of value the 

excess energy in hybrid system will be absorbed by the utility grid. Thus, the hybrid system 
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will need an additional component such as system controller to be added in the system to 

manage the energy and power flow to achieve stability and reliability [3]. 

 

 

2.2.3 Isolated Grid Hybrid Systems 

 

The isolated grid characteristic for hybrid system is against with the hybrid system that 

is connected to utility grid. The most important specification that have to be considered in 

isolated grid hybrid system is it must have an enough energy or have a backup system such as 

battery storage to supplies on the grid no matter in what condition at any time. The hybrid 

system must be able to control the frequency and voltage for its system and able to provide a 

reactive power to the system as needed. In some case, renewable energy such as wind turbine 

generator will produce energy more than the required energy needed. The exceed energy 

produce from the generator need to be dissipated to make hybrid system stable [4]. 

 

 

2.2.4 Special Purpose Hybrid Systems 

 

There are other characteristic of hybrid system besides isolated or connected to the 

utility grid. It is used for utilize or specific purpose without use real distribution network. The 

example of application that use this characteristic is such as water pumping, heating, and 

grinder. The frequency and voltage in this system is not a general problem in designing this 

system. In certain condition. Even though the renewable source is temporarily unavailable 

there are energy needed to be provide to supply the system. Basically renewable generator 

such as wind turbine and hydroelectric does not running in parallel with the diesel generator 

[4]. 
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2.3 Wind Diesel Hybrid System 

 

Wind diesel hybrid system is one of type of the hybrid power generation system from a 

combination of two elements which is diesel generator and wind turbine generator. The main 

reason of using this type of hybrid system is to reduce the fossil fuels consumption cost in 

electricity generation while reducing greenhouse gas emissions. Besides, the wind diesel 

hybrid system is used to solve the problem of irregularities in velocity of the wind in wind 

turbine generator. Wind diesel hybrid system consists of three main components that is diesel 

generator, wind turbine, and battery energy storage. Battery energy storage is used as a backup 

in case if the diesel engine run out of fuel or during the maintenance period of diesel engine 

[5]. Combining renewable hybrid system with the battery can increase the stability and 

reliability of the hybrid system. 

 

Ideal design is very important for this hybrid system because it can guarantee battery 

bank working at best performance at the best condition as possible it can be. In addition, the 

battery life time can be prolonged to the maximum and energy production cost decrease to the 

minimum [6]. 

 

 

2.4 Wind Energy 

 

Wind power is the process that convert the kinetic energy that was obtained from the 

wind into mechanical energy using a wind turbine generator. The mechanical used to produce 

electricity is called as turbines or power plants but if the mechanical used is based on drive 

machine the device is called as windmill or wind pump. Even though there are many name, 

but the purpose of the machine is all same that is to produce electricity. Wind power are 

widely use in the country that have an average good condition of wind velocity or speed all 

year such as Denmark, Ireland and Germany. Wind power are widely available and are not 

limited to the banks of fast flowing rivers, or later and requires no fuel source makes it very 

suitable for electric power generation [6]. 
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Wind power system depend to a devices such as wind turbine in order to generate 

clean, and low cost renewable energy. Its means that human can used the wind energy by 

convert the kinetic energy in wind into mechanical power to produce electric energy [7]. Wind 

turbine act as a main part to generate electricity using wind energy. It is a machines that have a 

rotor with three propeller blades that is specifically arranged in a horizontal manner to propel 

wind for generating electricity. Wind turbines are placed in areas that have high speeds of 

wind, to spin the blades much quicker for the rotor to transmit the electricity produced to a 

generator. 

 

Thereafter the electricity produced is supplied to different stations through the grid. 

One wind turbine can generate enough electricity to be used by a single household. Generally 

common wind turbine used today are 15m to 30m in diameter and produce approximately 

50kW to 350kW. The mechanical power produced by a wind turbine is: 

PT-MEC =  
 
           Eq (2.1) 

 

P = Power accessible in wind turbine generator. 

C = Efficiency factor known as the Power Coefficient. 

A = Area of the wind front intercepted by the rotor blades. 

p = Density of the air (averaging 1.225 Kg/m3 at sea level). 

v = Wind velocity. 

 

 

2.4.1 Operation of Wind Turbine 

 

The generator is include with a magnet moving past the stator to generate a current and 

producing alternating current (AC) electricity. This condition happen when the gear shaft spin 

the generator. In some case of wind turbine, in order to synchronize the frequency and phase 

of the grid, the current flow is converted to direct current (DC) using a help from rectifier and 

converted back to alternating current using an inverter. Even so, normally wind turbine 

generation nowadays using double fed induction generator that is directly connected to the 

grid [8]. 
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Figure 2.2: Electrical schematic of the grid-connected variable speed wind power 

system 

 

With the grow in technologies, many design for wind turbine has been introduced. 

Commonly the design of wind turbine nowadays have the variable of speed. The basic 

schematic for the wind turbine connected to the grid is shown as in Figure 2.2. The changeable 

frequency generator is rectified to direct current before inverted back to fixed frequency 

alternating current. There are inductor and capacitor in order to filter out a rectifier harmonic 

from the direct current. The grid lines is taken the frequency for the inverter and voltage for 

the rectifier phase angle control. The value extract from measured speed of the wind and rotor 

of the system is then compared to the optimum reference value of the tip-speed ratio stored. 

The velocity of the turbine generator is consequently changing to make the maximum power 

generate at all condition and time. 

 

 

2.4.2 Power Curve of Wind Turbine Generator 

 The Figure 2.3 below showed the characteristic curve for wind turbine between 

velocity of the wind and the power generate by the wind turbine. So, any relation related to 

power output produced by the wind turbine generator can be found in the characteristic curve 

below [8]. 
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Figure 2.3: A typical wind turbine characteristic curve 

 

This curve comes available from the wind turbine manufacturer or can be plotted by 

polynomial curve fitting technique using recorded wind speed and corresponding power output 

data. In order to studies in the relationship of wind turbine, this non-linear relationship can be 

demonstrated by a function of wind speed, v as following: 

P = PWTG ( )     Eq (2.2) 

Where, 

P = Power output of wind turbine 

PWTG = The polynomial of wind speed, v. 

 

 

2.4.3 Advantages Wind Energy 

 

There are so many advantages of wind energy. One of the major advantages of using 

wind energy is its free and with the modern technology it can be captured efficiently. Besides, 

when the wind turbine is completely built, it will not produce any greenhouse gases or other 
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pollutants while producing electricity and at once reducing the global warming problems. The 

cost of installing and maintenance also relatively low and continue to decrease compare to 

others renewable energy. The largest wind turbines are capable of generating enough 

electricity to meet the energy demand of 600 average homes. The wind energy also space 

efficient as a wind turbine can be placed too close to each other, and the land in between it can 

be used for other thing. 

 

 

2.4.4 Disadvantages Wind Energy 

 

 However, wind energy is unpredictable. The available of wind energy is not constant. 

The strength of a wind can be varies from zero to storm force. It’s not well suited as a base 

load energy source. Furthermore, wind turbine give a threat to wildlife such as bird, bats and 

other flying creature. The creature will have small chances of surviving when taking a direct 

hit from a rotating wind turbine blade. Wind turbine also produce noise when generate 

electricity. It is a problem for certain people that live the proximity of wind turbines. Building 

wind turbine in urban environments should be avoided [9]. 

 

 

2.5 Diesel Generator  

 

 Diesel generator is a device used to convert the energy stored in diesel fuel into the 

electrical energy used by household and industrial devices. Diesel generator consist two main 

part that is diesel engine and electrical generator. The durability, reliability and the sturdiness 

of the diesel generator makes it ideal to run for long hours continuously to generate electricity 

and as a backup in case of power outage or during emergency needed. It is widely used in 

industrial application because of economical factor and it’s environmentally friendly. Diesel 

generator are being used to supply rural loads are most of the time sized to be able to carry the 

load even during peak power demand [10]. 
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For safety reason, they are being sized to leave room for upgrades, and they never run 

at full load and will run around 30% to 60% only due to avoid some mechanical stress. Table 

2.1 shows typical fuel consumption figures according to typical manufacturer specifications. 

 

Table 2.1: Fuel consumption according to manufacturer specification. 

Generator  

Loading 

Fuel Consumption  

(L/h) 

Fuel Consumption 

(L/kWh) 

75% 1.98 0.26 

50% 1.56 0.31 

30% 1.04 0.52 

 

 

2.5.1 Diesel Engine 

 

Diesel engine is one of the type of combustion engine that is design to produce power. 

It produce power by burning the fossil fuel, or others fuel inside the part of the engine. Diesel 

engine convert a chemical energy such as fossil fuel, and diesel to mechanical energy. There 

are large application of diesel engine nowadays. One of the application is, to as an electric 

generator to produce electricity. 

 

 

2.5.2 Operation of Diesel Engine 

 

  In the diesel engine there are prime mover that act to rotate the alternator in the 

generator and generate the electricity. The principle of the diesel engine change over time. 

Diesel engine work by using the carnot principle. The high air pressure is compressed in the 

cylinder inside the diesel engine with the injected diesel fuel. After the diesel is injected in the 

cylinder, the combustion is take places and the energy strength will move the piston in the 

diesel engine. Piston in the diesel engine will connected to the shaft in order to make the 

generator work. The generator work by using principle of electromagnetic theory, when the 


