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Proposal Outline 

 

The hybrid solar wind diesel power generation system project proposal consists of 

chapters including brief details as described below: 

 

Chapter One: project outline, which includes the introduction and motivation. And, it 

contains the capabilities of students and objectives. In addition, it includes the 

methodology of three previous projects have been done and the new method which 

will be used in implementing this project. 

Chapter Two: feasibility study of the location, strategies and resources which explain 

operation, construction and analysis of the main components. And technical 

specification and features, which give a brief description of the overall expected 

functionality, expected features, and expected specifications all components will be 

used. In addition, it provides charts representing the hardware block diagram and 

software flow algorithm. Also, the equation needed to size the system, system 

simulation of expected and actual results by using Simulink/Matlab software, 

modeling and testing of all equipments used in this project, electronic circuits 

connection, the precautions that should be take in consideration while working with 

equipments, and table that list the project cost.  

 

Chapter Three: it includes task distribution and the timeline schedule which was 

followed by each team member.  

 

Chapter Four: it includes the risk assessment which explains the errors that might the 

designed system will face and provide a solution for better result. 

 

Chapter Five: it includes future enhancement, project limitation, conclusion, 

references and appendices which include all the weekly tasks.  
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Abstract 

 

 

      There are many problems posed by conventional energy such as oil supply 

insecurity, extreme pollution and climate change risks due to fossil fuel burning. 

Therefore, looking for alternative non-conventional energy resources has become an 

urgent matter. One of the most popular non-conventional power resources are solar 

energy power plants which convert the solar energy or solar heat to electricity. Yet, 

the disadvantage is that it does not work when there is cloudy or rainy weather. This 

has created the need to combine solar energy with wind energy to obtain a solid 

power source known as a hybrid solar wind power generation system.  

      This study proposes the modification of a hybrid solar-wind power generation 

system in which the flow of power from different sources is monitored and 

controlled by using a wireless distant monitoring station and microcontroller. In 

addition to solar panels and wind turbines, a backup stand-by diesel engine is used to 

supply power only when there is a shortage in the power supply. There are two main 

advantages of the proposed system in this study compared to others. First, the energy 

of the proposed system is used wisely and efficiently by monitoring the load power 

and the available renewable energy to define the quantity of needed power and to 

select the best available source. Secondly, additional batteries are used as a dumped 

load in the proposed system which can be used if there is a shortage in the renewable 

energy source to minimize the usage of the diesel engine. In addition, a wireless 

monitoring system will be used to help in self-troubleshooting and a fast alarm 

system which will minimize maintenance efforts.  

      The simulation of the control algorithm implemented by the microcontroller 

shows the efficiency and the applicability of the proposed system. A prototype is in 

progress to verify the implementation of the proposed system. The proposed system 

offers more efficient features in the area of smart grid.  
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1. Project outline 

 

1.1. Motivation:   

     

       As a senior student in Effat University studying Electrical and Computer 

Engineering, majoring in Control System and Robotics and according to the college 

curriculum, we should apply our practical knowledge alongside theoretical data to 

design a complete hardware and software project. 

      After researching and discussing several ideas concerning the work of the 

graduation project, we agreed to design a sustainable solution that brings power, 

health, quality of life benefits to the remote areas without power supply ''Hybrid 

Solar Wind Diesel Power Generation system''.  

Furthermore, Saudi Arabia has an excessive amount of solar energy, but still it uses 

the conventional energy that may cause serious problem to all kind of living 

organisms and which lead to global warming. In light of this, our goal set to design a 

real product that helps our environment to go green with clean energy. 

       Aside, Living in an era where renewable energy is the common interest of all 

engineering majors due to excessive energy used that harm the environment, cause a 

serious problem to all kind of living organisms, and which lead to global warming. In 

light of this, our goal set to design a real product that helps our environment to go 

green with clean energy. 
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1.2. Introduction:   

 

        Hybrid Solar Wind Diesel Power Generation system is a solid power supply, as 

it supply a load with Solar and wind diesel energy whenever the load needs via the 

use of a battery, whenever there is a lack in the energy supplied to the load given by 

the battery due to undercharge, the system will switch the diesel engine in this case 

to supply the load with power needed.  

         In this Capstone Project, the hybrid solar wind power generation system with 

the microcontroller for digital control the system ; the microcontroller  is fed by the 

sensors data to react accordingly, as the voltage and current sensors of the wind 

turbine, solar panel, battery and diesel engine provide data to the microcontroller, the 

microcontroller react based on the program installed in the memory chip attached, as 

it will check the battery voltage and switch the charge controller to dump load, 

charging battery, or switch the diesel engine. However, the current and voltage 

sensors for other power supply sources will give the ability to the microcontroller to 

detect errors and problems of the system via comparing that data with light intensity 

sensor and wind speed sensor. Furthermore, the fuel level sensor will detect when the 

diesel engine running out of fuel. This detect of issues will be sent to the monitoring 

station via the use of Xbee, the wireless device to seek maintenance when needed. 

 

The contributions to the renewable energy field are rapid compared to other field due 

to its importance. In this Capstone Project, the contributions made by the team are as 

the following: 

 Efficiently monitoring the load power and the available renewable energy to 

define the quantity of needed power and to select the best available source.  

 Wireless monitoring system will be used to help self-troubleshooting and 

alarms for which it will minimize the maintenance efforts 
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2. Capabilities of the student 

 

 

      The research scope lay in renewable energy field, where it is a common interest 

of all engineering majors; the contribution in such area is always needed as it helps 

the world go green with clean energy. Therefore, for this reason, the team is keen to 

take the chance forward to construct a green energy power supply source and to 

develop the design in hope to contribute to the development of the renewable energy 

field. 

 

       Furthermore, the team previously worked with transformer and rectifier project 

and RC Helicopter, solar tracker using robotic arm project and firefighting car, in the 

first project, the team was able to grasp the basic components and the use of them in 

design, while in the second team of the solar tracker, ability for sophisticated 

program writing and the basic renewable energy concept, finally, through last project  

the team were able to professionally deal with multi input sensors , complex 

switching relays and transistors design and Xbee wireless configuration and 

programing. Based on the previous projects accomplished and the awards received 

for them, the team ability to conduct this research is proven.   
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3. Objectives and Scope  

 

 

      The objective of hybrid solar and wind power generation system focuses into two 

main parts, technically and environmentally, thus this will solve the problem in the 

following approaches: 

 The use of environmentally harmful diesel engine will be minimized  

 Maintenance required is significantly less  

 An enhanced monitoring system  

      This Capstone project is valuable to many aspects; as this project helps the 

environment produce energy from clean green power supply, it helps the 

environment in reducing the pollution, economically; it reduces the annual cost for 

electricity use also it helps to supply temporary power to temporary application 

rather than increase the cost to supply distribution lines to the distanced temporary 

load. 

 

      The viability of this capstone projects is based on many facts, based on the local 

market and its lack for the availability and quality material, continuous supervision 

provided by the faculty advisor, students background and the absence of power 

laboratory in the university, the viability of the project is determined to be around 

60% to be completely working as objectives stated. 

 

      The team has agreed on certain assumptions after completely analyzing the 

system, due to the nature of this project, the assumptions is mainly technically. Thus, 

he team assumed that the project ordered materials will not be damaged and work 

properly, to verify this assumption, the team have to test all the equipment once 

arrived. Secondly, the wind turbine will be working with the current wind speed in 

the area and the height of the tower is adjusted accordingly, Air condenser must be 

used to verify this assumption. Due to the fixed solar panel, the peak time of the sun 

might vary based on the position fixed in and the angle, therefore, assuming 6 hours 

sun peak time, must be verified after instillation.  
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4. Method 

 

    4.1. Literature review 

 

      Based on a research paper published in the International Journal of Engineering 

Science and Technology    , it aimed to study the solar and wind power as a stand-

alone system and try improving their efficiency. Thus a prototype was designed, 

constructed and tested. In this research, the design requires some modification to 

improve the efficiency of each stand-alone system, such adding reflectors to the 

photovoltaic panel and tracking system and wind sensor detects the maximum wind 

flow direction to guide the wind turbine and adding plastic to the finished edge of the 

rotors. Furthermore, a microcontroller ATMega 162 Is used to monitor and control 

the system. 

      The photovoltaic and wind power generation is a promising energy alternative as 

it energy conversions is non-conventional energy sources and its reliability was 

proven from microwatt to megawatt level. 

 

Photovoltaic power Wind power 

 Absence of moving part 

 Function for long period of time 

 Application requirements of specific 

voltage, current and power can be obtained 

easily through adjusting the integration of 

the system 

 High reliability  

  Absence of moving part 

 Function  for long period of time 

 High reliability  
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The advantages of solar or wind stand-alone power generation system is that it is 

green, environment friendly, efficiency improvement, supply high output power, 

economic benefits ,user friendly control and less interrupted continuous power. 

Therefore, it's suggested used in applications in remote areas, industrial power saver, 

distributed power generation and hybrid systems. 

 

In conclusion, solar panel performance was enhanced by 68.5% after using the 

reflector and tracking system. While in the wind turbine case, the performance was 

increased above 50% due to the use of the wind sensor and plastic edges. The future 

study and recommended adjustment of this research is to integrate solar wind system 

together to supply sufficient power to an application like a vehicle 

 

Based on the above research paper, it was illustrated that using one power resource 

will not be adequate for the load as the wind does not blow all the time nor does the 

sun shine all the time. The solar and wind power alone are poor power sources due to 

the insufficient power supplied that depend on the weather. Additionally, the cost of 

the one source power generators for the inverters, cables, and regulator and charge 

controllers is high compared to a hybrid system with multi power sources. In the end, 

a hybrid solar wind power generation system is more sufficient than solar or wind 

stand-alone system due to a better power supplied in different weather conditions and 

the relationship between the cost and the output power is good. 

 

Furthermore, a detailed study regarding Hybrid solar wind power generation 

system     was conducted at University of Northern Iowa, where a setup of 

photovoltaic solar cell array, wind generator, lead-acid storage batteries, inverter, 

wires, fuse, electrical lighting loads, electrical heating loads and measurement tools 

were used to construct the hybrid solar wind power generator system. 
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Wind energy became the least expensive renewable energy technology and therefore 

became a peak of an interest. Wind turbine power generated is calculated through 

this equation: 

 

P = 0.5rA Cpv3hg hb  

Where, 

r = air density (about 1.225 kg/m3 at sea level, less at higher elevations). 

A = rotor swept area, exposed to th the wind (m2). 

Cp = Coefficient of performance (.59 to .35 depending on turbine). 

v = wind speed in meters/sec 

hg = generator efficiency 

hb = gearbox/bearings efficiency 

 

Using this equation, and anemometer to measure the wind speed, the power of the 

wind turbine were calculated and an inverter to supply DC electricity to the system. 

While photovoltaic panels supplied DC electricity and no need for either 

maintenance nor its noisy and only needs diodes for protection from opposed current. 

Aside a voltage regulator is needed for both of the power sources before supplying it 

to the battery storage bank. 

 

Furthermore, this research had three major phases for the development and 

implementation of the hybrid solar wind power generation system to be completed. 

First, the set-up of the system, such the construction and debugging of the system. 

Second, use instruments for measurement of the system performance. Third, preform 

simulation of the system (PSCAD/EMTDC).  

 

The hybrid system was scaled to a 12V DC line and the output to an inverter 

with60Hz 120VAC load and the structure of the project is shown in the figure (1). 

The turbine supplies 400W, four solar panels supply 50W each and four deep cycle 

lead acid batteries connected in parallel. Two power quality analysers were used to 

store data and monitor the voltage, current, power of the system. 
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In the end, the research was designed and constructed, however; for future study and 

implementation it is recommended to use computer controlled relays where it can be 

switched though computer programs after analyzing and monitoring the data from 

sensors of the system. There will be control bus which is connected to all switching 

relays and measurement bus connected to all signals in the system as shown in the 

figure(9) below. 
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On the other hand, the implementation above for the hybrid solar wind power 

generation system is not using microprocessor. Therefore, a well-designed charge 

controller and adequate software application is required. Thus, the basic charge 

controller circuit was found is based on Timer555 in the figure bellow: 

 

 

 

 

Advantages Disadvantages 

 Simple and easy design that works 

 Inexpensive circuit components 

 Available components around the 

world 

 The timer 555 can easily be replaced 

if damaged 

 The simple circuitry can handle 

different climates 

 Small size 

 Limited options 

 Not expandable 

 Not as accurate as microcontrollers 
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In this research, a Microcontroller was used to replace the timer 555 which is the 

HC12 microcontroller kit Adapt9S12E. 

Advantages Disadvantages 

 precise measurement  

 monitoring the power, voltage, 

current and give warning when 

something wrong happens to the 

system.  

 Estimates how much it takes to charge 

the battery via current measured.  

 LCD monitor can be used with a user 

friendly  

 Backup diesel engine when we run 

out of power.  

 more reliable and easier to maintain 

 The kit is pretty expensive 

 The kit has 112 pins which is way 

more than what is needed for this 

project 

 

 

The charge controller is equipped with Motorola Microcontroller chip.  

In this system, the voltage measurement for the battery and power sources through 

the use of voltage division circuit, while the current measurement used was through 

using MAX471 op-amp but the problem with this that the current needs to be limited 

to 5amps.  
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Based on this research implementation study, it was suggested to add solar tracker to 

improve the performance of the solar panel arrays, to add extra solar panel to switch 

on the microcontroller and to switch the backup diesel ignition system and to use a 

better current measurement tool, or to use the same measurement tool but to use 

voltage divider ten times to read a maximum of 50amps and change the scale to 

100mv/amp 

 

However, in this research thesis, a modification to the hybrid solar wind power 

generation system is proposed, where the modification places takes into the 

monitoring system for maintenance required. Based on the above attempts 

conclusions and future modification, the solar and wind power generation will be 

hybridized , the control system will be in digital via using microcontroller, a series of 

sensors is constructed and connected to the microcontroller and the sophisticated 

maintenance monitoring system is installed.  

 

Comparing these modifications to the above research attempts, the system is 

hybridized, therefore, it works better than the first research attempt regarding the 

power output as it will work sufficiently during the day and night as the wind power 

and solar power are combined to supply the load. Moreover, in the second research 

the charge controller was not digitalized therefore it was not accurately working, 

therefore, the modification in this research thesis is sophisticated. Finally, the last 

research thesis used hybridized digitally controlled solar wind power generation 

system; however, it lacks monitoring system. Therefore, in this research a 

maintenance monitoring system is designed and constructed with the aid of the 

microcontroller and a wireless device to provide remote monitoring station. 
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4.2. Project scheme 

 

Schemes for Hybrid power System 

Hybrid Solar Wind Diesel Power 

Generation system has different 
schematics that each has its own 

advantages; for illustration, the figure 

on the left, display a direct recharging 

of the battery and supply to load with 

two different power supplies in the 

same time and a charge controller on 

each power supply. 
The second schematic below , the loads 

are connected to the battery side 

without a charge controller to control 

the flow of the battery to the loads, also 

there is no dump load in this case. 

 

 

 

 

 

 
The third schematic is 

using a one charge 

controller that connects the power supplies in one and to the battery, also note that the 

loads also connected to the charge controller not to the battery in this design. 

In our project, we will use exactly like the third schematic but we will add another 

power supply which is the diesel generator to the controller aside from the previously 

mentioned featured of troubleshooting. 
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Chapter Two 
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Feasibility Study 

Strategies and Resources 

Specifications and Features 

Hardware Block Diagram 

Software Dataflow Diagram 

System Sizing 

System Modeling 

Testing Verification and Validation 

Connection 

Equipment Pre-skills Required 

Project Cost 
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5. Feasibility Study 

Location Selection Study: 

 
 

 

The Feasibility study was conducted at Kuwait in two different locations, Massila and 

Mishref. The two locations has different surroundings, Massila is Beach area with an 

Latitude of 29.261243 and Longitude of 48.09042 while Mishref is residential area 

with latitude of 29.269329 and longitude of 48.068104. Kuwait has altitude of 55 

meters. Certainly, the wind turbine and solar panel will need an open area to avoid 

shades or high building that blocks the wind. 

 

Additionally, to check that the winds speed of the locations and the starting speed 

needed for the wind turbine. Moreover, the sun light peak hours over the year and 

solar radiation needed to be checked. Therefore, Kuwait weather annual report was 

checked and below is the statics concluded from Kuwait weather all over the past few 

years. 
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Site location is critical matter for wind turbine as its outcome will differ more than 

20%,There are certain basic things to follow regarding choosing the best location for 

wind turbine systems to be placed such as high elevations has better wind speed and 

lower turbulence,  avoid areas where there is woodlands or buildings and  less altitude 

is better for performance . 
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Moreover, there are some parameters that are critical for solar panels regarding site 

selection, such as the tilt angle of the fixed panels, solar radiation in the location 

selected. 

Based on Kuwait International Airport weather station findings, it was reported that 

Kuwait has an average solar intake of 9-11 hours per day. Below is figure that 

illustrates the reported measured and calculated solar radiation. From the figure 

illustrated it clearly states that solar panels will work efficiently. 

 

 

 

 

 

 

 

 

 

 



26 

 

 

 

 

 

The second parameter is the solar panel tilt angle, the optimum solar angle need to be 

used in order to substitute for missing the solar tracker system.  Therefore, Solar 

Electric Handbook calculator was used to get the angles needed. This calculator is 

based on the difference in the sun height on month by month basis.  As an illustration, 

the sun is at its highest at solar noon each day and this calculator shows the angle at 

that time of day so that the irradiance from the sun is the highest, hence most power 

generated.  Below figure is  shows the best configurations for the solar panel tilt 

angles to be fixed to, since its fixed installation of the solar panel, a decision must be 

made regarding enhancing the winter months performance or summer performance.  
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6. Strategies and resources 

 

- Solar 

 

Operation: 

It is also called solar module, photovoltaic model or photovoltaic panel; it consists of 

package of photovoltaic cells that are made of semiconductor material such silicon. 

When lights (photons) strikes this cell, a portion of its energy is absorbed by the 

semiconductor allowing electrons to be loose and generate a flow of current and 

supply electricity via placing metal contacts on both side of the PV cell.  

Each panel is rated by its DC output power under a fixed standard conditions, it 

typically ranges between 100 to 320 watts. Its efficiency is concluded the area of the 

panel, for example, an 8% efficient 230 watt panel, will have twice the area for 16% 

efficient 230 watt panel. A photovoltaic system is an array of solar panels installed 

together and connected in series to achieve a desired output voltage, or parallel to 

provide a desired current capability, inverter, battery or solar tracker and connections. 

Energy loss in a solar cell 

The electromagnetic spectrum radiation is made from ranges with different 

wavelengths, therefore, there are varying in the energy levels. A typical photovoltaic 

panel can cover a certain range of the frequencies of light but certainly can't cover all 

the solar range. Hence, lot of sunlight energy is wasted. In the other hand, the light 

can be separated into different wavelength and direct beams to the different equivalent 

cells for each frequency, in which it will increase the efficiency by 50%,   

It's important to note that the best achieved sunlight conversion rate is around 21% in 

commercial products, which is lower than the efficiencies of cells working in 

isolation. The energy density of the solar panel is the efficiency described in power 

output per unit of surface are, refer to watts per square foot (W/ft2). A sufficient solar 

panel would have an energy density value of greater than 13 W/ft2 (140 W/m2). 
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Construction: 

There are two modules; wafer based crystalline silicon cells or thin film cells based on 

cadmium telluride or silicon. Usually these cells need a protection from mechanical 

damage and moisture. Most solar panels are rigid only the thin film cells, they are 

semi-flexible one. An extra protection is required to avoid reverse currents in the solar 

panels via adding diodes, this protection is important as it will waste power and leads 

to overheating of the cells and thereby cause the solar cells to become less efficient. 

A recent use of concentrators such lenses to enhance the focus of the light on the array 

of the cells, which enables the cells to higher output per unit area in a cost effective 

way 

 

Solar Panel Types: 

Crystalline silicon modules 

Commonly used , produced by silicon photovoltaic cells and categorized as 

monocrystalline or polycrystalline modules. In the right figure, a polycrystalline 

PV cells connected in solar panel. Solar panels must withstand heat, cold, rain 

and hail for many years. Many crystalline silicon module manufacturers offer 

a warranty that guarantees electrical production for 10 years at 90% of rated power 

output and 25 years at 80%.The output power of many panels slowly degrades at 

about 0.5%/year. 

Monocrystalline vs Polycrystalline : 

The difference between monocrystalline and polycrystalline solar cells is that 

monocrystalline is produced from a single crystal of silicon and polycrystalline is 

produced from silicon consisting of many crystals. Because polycrystalline cells 

contain many crystals, they have a less perfect surface than monocrystalline cells.  

This means that they absorb less solar energy and produce less electricity per cell.  
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Thin-film modules  

They are the third generation solar cells that have high efficiency conversation at low 

cost. 

Rigid thin-film modules 

The cell is created on a glass substrate or supeqrstrate and its connection is created in 

situ which is called monolithic integration. They are laminated with encapsulate to a 

front or back sheet, usually of glass. The main categories are CdTe , a-Si or Si+uc-Si 

tandem or CIGS.  

Flexible thin film modules 

It deposits a photoactive layer and other layers on a flexible substrate. If the substrate 

is insulator then a monolithic integration can be used. If it’s a conductor then another 

technique for electrical connection must be used. 

Module Embedded electronics 

It’s a PV modules embedded with electronics. This enhances the performance of the 

maximum power point tracking and enables measurement of the performance data 

for monitoring and fault detection. Some uses a DC-to-DC converter technology 

developed to maximize the power harvest from the solar photovoltaic systems. 

 

 

Mounting systems 

Trackers 

Increase the amount of the energy produced but the installation cost is high and 

continuous need of maintenance. They are digitally controlled to sense the direction 

of the sun and tilt the panel to that angle to drain the most sufficient energy possible 

from sunlight 

 

Fixed racks 

It holds the panels stationary as the sunlight angles varies, it tilt angles based on 

prefixed installation latitude. 
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Ground mounted 

They are solar panels that are held by frames and attached to ground base mounting 

support, it can be pole mounts, which driven directly on the ground, Foundation 

mount or ballasted footing mounts, which uses steel bases that use weight to secure 

the solar panel system in position. 

  

Roof mounted 

It consists of solar panels held in frames or racks and attached to the roof based on 

mounting supports; such pole mounts which is directly to the roof structure. Ballasted 

footing mounts, which uses weight to secure the panel system in position. 

 

Relationships between parameters 

The graph in the figure below shows the relationship between Light Density and 

Voltage output, Current and Voltage output and Power and Voltage output in Solar 

Panel. 
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Calculations to select solar panel:  

1- Calculate the Energy: (Number of the load x Load Power  x Time the load draws 

power) 

2- Calculate Solar Input Required: ((Energy / Sun Peak Hours) x 1.4) 

3- Select Solar Panel that gives a minimum of the solar input calculated but 

recommended to select one gives more than what's required. 

4- Select a solar regulator that can handle more than the short circuit current value. 

5- Select inverter can handle more power than sum of all loads working together. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



33 

 

 

 

- Wind 

 

Operation: 

Wind is basically a form of solar energy caused by uneven heating of the atmosphere 

by the sun, with the rotation of the earth along with the uneven surface of earth. 

Wind Turbines is a device that converts the kinetic energy of the wind to mechanical 

energy of the rotor blades in order to get electricity from the generator attached. A 

group of Wind Turbines gathering into single power plant is called Wind Farm.  This 

device is called Windmill when it is used for grinding grain, Wind Pump when it's 

used for pumping water and Wind Charger when it's used for charging batteries.  

 

Construction: 

Types of Wind Turbines: 

1- Horizontal axis 

2- Vertical axis 

3- Compact wind acceleration turbine 

4- Diffuser augmented wind turbine 

5- Mixer-ejector wind turbine 

 

Horizontal axis 

Horizontal-Axis wind turbines (HAWT) have three main parts, Rotor Shaft , 

Electrical Generator at the top of the tower and a tool used to show the direction of 

the wind, which is a Wind Vane in small turbines or Wind sensor connected to servo 

motor in large turbines. 

 Blade (Rotor) : converts the energy in the wind to 

rotational shaft energy. The number of rotors varies 

but based on many researches the three blades 

turbine is most sufficient for power generation and 

has a better distribution of mass which makes 

rotation smoother and less noise. 
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 Drive Train: contains the Gearbox and Generator. The gearbox is commonly 

used for stepping up the speed of the generator such planetary 

gearbox, adjustable-speed drive or continuously variable transmission. 

However, the Generator uses the properties of the electromagnetic induction to 

produce voltage, therefore, when the rotor spins, the shaft spins the magnets 

and generates a voltage in the coil of the wire which will drive the electrical 

current to distribution power lines. 

 Tower : that supports the Rotor and the drive Train for a certain height. 

 

 Control System: One of the control systems is the safety system, which will 

turn the turbine off when the wind speed threaten the turbine structure, usually 

uses the vibration sensor. There are multiple systems in turbines that is used 

for safety such Braking system, which is triggered when maximum wind 

speed is exceeded, it hits the brakes on when the speed is high and  hit release 

after the wind speed is acceptable. There are couple braking systems used: 

 Pitch control – it measures the output power, when it exceeds the maximum  power 

via exceeding the maximum speed of the rotors, the controller will  commands the 

blades to pitch, thereby causes it to be unaligned to the wind  and therefore, it will 

slow down the speed of the blades.  

 

 Passive stall control - The blades are mounted to the rotor at a fixed angle but are 

designed so that the twists in the blades themselves will apply the brakes once the 

wind becomes too fast.  

 

 Active stall control - The blades in this type of power-control system are pitch-able, 

like the blades in a pitch-controlled system. An active stall system reads the power 

output the way a pitch-controlled system does, but instead of pitching the blades out 

of alignment with the wind, it pitches them to produce stall. 

 

 Dynamic braking regulates the speed by dumping excess energy, so that the turbine 

continues to produce electricity even in high winds.  
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Commercial Production 

(Large Turbines) 

Small Turbines 

Usually three bladed made from glass 

fiber or carbon fiber and pointed into the 

wind direction through computer 

controlled motors. Has speed of 320 

km/h, High efficiency and low torque 

ripple. Blades length ranges from 20m to 

40m and the tower has a height of 60 to 

90 meters tall and a blade rotates 

between 10 to 22 revolutions per minute. 

Used in applications for telecom towers, 

offshore platforms, remote monitoring 

and other purposes when energy 

required where there isn’t energy grid or 

grid is unstable. 100 kilowatts generator 

or less is considered small wind turbines 

by the NREL definition. 

Usually has a direct drive generator and 

uses vane for wind direction. 

 

Vertical axis design 

Vertical-axis wind turbines (VAWT) have the main rotor shaft arranged vertically. 

The advantages of this turbine is that it doesn't need to be pointed into the wind to be 

effective which is perfect for places where wind direction is highly variable. 

However, the low rotational speed with high torque and high cost of the drive train, 

lower power coefficient and the highly dynamic loading on the blade. 

 

Types of Generators Used for Wind Turbines: 

Induction Generator: 

It has the same mechanical and electrical characteristics of an induction-n motor but 

more rugged and don’t need brushes or commentator. Induction generators produce 

electrical power when their shaft is rotated faster than the synchronous frequency of 

the equivalent induction motor. The rotating magnetic flux from the stator induces 

currents in the rotor, which also produces a magnetic field. If the rotor turns slower 

than the rate of the rotating flux, the machine acts like an induction motor. If the 

rotor is turned faster, it acts like a generator, producing power at the synchronous 

frequency. The disadvantage of the induction generator that it needs an induction 

motor to rotate 1500+ RPM to meet the synchronous, therefore gearbox is always 

needed. 

http://en.wikipedia.org/wiki/Torque
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Permanent Magnet Alternators (PMA): 

It contains two different sets of electromagnet and permanent magnet. The 

permanent is attached to the rotor and the electro magnet on the stator. It doesn’t 

need a controller like he three phase motor, it only need to be rectified and ready to 

charge the battery or transmit to the grid. 

 

Brushed DC Motor: 

It's commonly used in home built wind turbines. They are backwards from a 

permanent magnet generator. On brushed motor, the electromagnet spins on the 

rotors with the power coming out of the commutator is rectified and coming out as 

DC. 

It has good advantages, such that it doesn’t need a gearbox and able to supply power 

even with low wind, it's also quite available in the market. 
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Efficiency  

- Aerodynamic modeling is used to determine the optimum tower height, control 

systems, number of blades and blade shape. Its two primary aerodynamic forces is 

are lift, which acts perpendicular to the direction of wind flow; and drag, which acts 

parallel to the direction of wind flow. 

- the maximal achievable extraction of wind power by a wind turbine is 59% of the 

total theoretical wind power (Betz Law) 

- the turbine power is (approximately) proportional to the third power of velocity 

remains due to rotor blade friction and drag, gearbox losses, generator and converter 

losses, reduce the power delivered by a wind turbine. 

- Rotor size matters -- the longer the turbine, the more energy a turbine can capture 

from the wind and the greater the electricity-generating capacity, however, in a 

lower-wind-speed area, a smaller-diameter rotor can end up producing more energy 

than a larger rotor because with a smaller setup,   

Rotor Size and Maximum Power Output  

Rotor Diameter (meters)  Power Output (kW)  

10  25  

17  100  

27  225  

33  300  

40  500  

44  600  

48  750  

54  1000  

64  1500  

72  2000  

80  2500  

Sources: Danish Wind Industry Association, American Wind 

Energy Association 

 



38 

 

 

Vertical axis design 

Vertical-axis wind turbines (VAWT) have the main rotor shaft arranged vertically. 

The advantages of this turbine is that it doesn't need to be pointed into the wind to be 

effective which is perfect for places where wind direction is highly variable. 

However, the low rotational speed with high torque and high cost of the drive train, 

lower power coefficient and the highly dynamic loading on the blade. 

 

Equations: 

Choosing an appropriate wind turbine size 

To determine the appropriate size of wind turbine to use, divide monthly electricity 

consumption in kilowatt-hours (kWh) by 12. Then compare this total to estimates of 

the power production for different wind turbines,  

To get a preliminary estimate of the performance of a particular wind turbine, use the 

formula below: 

AEO = 1.64 D2 V3 

Where: 

AEO = Annual energy output, kWh/year  

D = rotor diameter, meters  

V = Annual average wind speed, m/s 

- Tower height ,The higher the turbine, the more 

energy it can capture because wind speeds 

increase with elevation increase 

There are various important wind speeds to consider: 

 Start-up wind speed - the wind speed that 

will turn an unloaded rotor 

  

http://en.wikipedia.org/wiki/Torque
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 Cut-in wind speed – the wind speed at which the rotor can be loaded 

 Rated wind speed – the wind speed at which the machine is designed 

to run (this is at optimum tip-speed ratio) 

 Furling wind speed – the wind speed at which the machine will be 

turned out of the wind to prevent damage Maximum design wind speed – the 

wind speed above which damage could occur to the machine 

Calculating the power in the wind 

The power in the wind is proportional to: 

 the area of windmill being swept by the 

wind 

 the cube of the wind speed 

 the air density - which varies with altitude 

 

 

The formula used for calculating the power in the wind is shown below: 

P = 0.5 x rho x A x V
3 

Where 

 P: is power in watts (W) 

 rho: is the air density in kilograms per cubic meter (kg/m3), (about 1.225 

kg/m3 at sea level, less higher up) 

 A: is the swept rotor area in square meters (m2) 

 V: is the wind speed in meters per second (m/s). 
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Wind Report in Jeddah 

Wind 

Over the course of the year typical wind speeds vary from 0 m/s to 8 m/s (calm to fresh breeze), 

rarely exceeding 11 m/s (fresh breeze). 

The highest average wind speed of 4 m/s (gentle breeze) occurs around March 18, at which time the 

average daily maximum wind speed is 8 m/s (fresh breeze). 

The lowest average wind speed of 3 m/s (light breeze) occurs around October 18, at which time the 

average daily maximum wind speed is 7 m/s (moderate breeze). 

Wind Speed 

 

The average daily minimum (red), maximum (green), and average (black) wind speed with 

percentile bands (inner band from 25th to 75th percentile, outer band from 10th to 90th percentile). 

The wind is most often out of the north (26% of the time), north west (23% of the time), 

and west(12% of the time). The wind is least often out of the south east (1% of the time), east 

(2% of the time), south (2% of the time), and south west (5% of the time). 

Wind Directions Over the Entire Year 

The fraction of time spent with the wind blowing from the various directions over the entire year. 

Values do not sum to 100% because the wind direction is undefined when the wind speed is zero 

Fraction of Time Spent with Various Wind Directions 
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The fraction of time spent with the wind blowing from the various directions on a daily basis. 

Stacked values do not always sum to 100% because the wind direction is undefined when the wind 

speed is zero. 
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- Diesel 

 

Operation: 

Combustion increases the pressure and heat by increasing the internal energy of fuel 

gas. Thus, the pressure will be used to start moving the piston to compress the mixture 

of air and gas to turn on the generator to provide and produce electricity.  

 

 
 

Construction: 

Diesel engine: 

Diesel engin: 

A diesel engine is an internal combustion engine that uses the heat of compression to 

initiate ignition to burn the fuel. It has two types: two-stroke cylinder and four-stroke 

cylinder. Diesel engine considers the master part of the genest; it is the main mover of 

generator to output electricity.  

 
Diesel generator: 

Diesel generator is a group of an electrical alternator and a diesel engine to produce 

electrical energy. It is used in places without connection to the power grid as an 

emergency backup system (power supply). 
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In the figure illustrated in the right of the 

page, the selected engine main parts is 

defined and pointed, for example the oil 

gauge and drain plug, the recoil starter 

handle and starter, engine switch and 

control panel and fuel tank, gauge and tank 

cap. 

 

 

In the electrical ignition system illustrated 

in figure below , the battery is connected to 

a magnetic switch, when key switch is on, 

the (M) circuit below is de-energized and 

the starter motor circuit (S) is energized. 

As a result , a low current flows through 

the circuit (M) and high starter current 

flows through (S) circuit which will 

energize the starter motor and cranks the 

engine. 
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- Charge Controller 

 

Operation: 

Also called charge regulator, stand-alone device, battery-powered device, battery recharger 

or battery regulator, it acts as a protection, as it limits the current added or drawn from the 

batteries in way that it prevent overcharging or undercharging of the batteries. Therefore, it 

enhances the lifespan of the battery and battery performance.  

 

Construction: 

Types 

Stand-alone charge controllers 

Separated device used usually for solar or wind power generators, where in solar 

applications it is called solar regulators.  Series charge controller or series 

regulator disables further current flow into the batteries when its full.  Shunt charge 

controller or shunt regulators which direct excess electricity to a shunt load when 

batteries are full. 

However, Pulse width modulation (PWM) and maximum power point tracker 

(MPPT) technologies are more sophisticated. Charge controller may also monitor the 

battery temperature to prevent overheating. 

 

Integrated charge controller circuitry 

Same function, yet it consists of microchip, an integrated circuit (IC) usually called 

charge controller IC. Change controller circuits are used for rechargeable electronics 

such phones or laptops. 
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The relationship between the current and the voltage during the 3 phases of the 

charge cycle can be shown visually by the graph below. 

 

 

 

 

Charger Controller Types 

The type varies by size, features, price, its ranges from small 4.5 amps to 80amp 

MPPT programmable controllers with computer interface. 

Simple 1 or 2 stages control: 

Uses relays and shunt transistors to control voltage, it's simply disconnect or short 

the panel at certain voltage.  

 

MPPT has good controllers with bit of prices to match, but tits efficiencies is around 

94% to 98%, they are the best for large systems as they save 10% to 30% more 

power to the battery. They match the output of the solar panels to the battery voltage 

to insure maximum charge (amps), simply because the MPPT controller compensates 
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for the lower battery voltage by delivering closer to 125% more amps into the battery 

maintaining the full power solar panel 

Many controllers are available with built in computer interfaces for monitoring and 

control.  Some controllers use a couple of small LED lamps, to show the status of the 

battery. There is a 4 stage controller but it is called equalizer and it has been stated 

that it preforms better than stage 3. 

It is great to note that Battery system monitor  are not controllers. Instead, they 

monitor your battery system and condition. They keep track of the total amp-hours 

into and out of the batteries, and the battery state of charge, and other information.  

 

MMPT Charge controller (Maximum Power Point Tracking) 

 

Is a device which works as an electronic DC to DC converter that converts higher 

voltage DC output from solar panel or wind turbine to low voltage that can charge the 

battery bank. Solar Panel and Battery bank connected to each other does not work 

efficiently, more than 30% of the power input will be lost, therefore, the need for 

middle device to interact between the two parts is needed, and that what the MMPT 

does, it sense how much the battery need to charge and consume that voltage only 

from the solar panel and increase the current instead for faster charging,  

 

For illustration, a 130watt solar panel is used for charging 12V battery Bank, without 

using MMPT the solar output from 16 to 18 volts and around 7amps, precisely it is 

17.6V and 7.39amps drawn by the 130watts, this results in consuming only 7.4amps 

and 12volts, which means only 88.8 watts is used out of 130watts.So in order to 

optimize the output, MMPT is used to deliver the exact amount of voltage needed by 

decreasing the voltage and increasing the current for faster charging. Starting with 

breaking down the 17.6 volts and 7.4amps to 12volts and 10.8amps resulting in 

complete use of 130 watts delivered by the panel. MMPT chare controller will vary its 

control parameters continually to adjust for maximum amps into the battery. 
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In simple and fastest terms, the Maximum Power Point Tracking is electronic charge 

controller that takes the output of the solar panels or wind turbines and compares it to 

the voltage of the battery, followed by deciding the best power that the to charge the 

battery, hence , get the maximum current into the battery. 

 

Late studies showed that MPPT’s are around 93-97% efficient in the conversion. 

Using the MPPT in winter, it gives more 20% to 45% power and in summer, it gains 

10-15%. for example, the weather effect its performance too, as in very cold 

conditions, the panels can output more power than what it designed to as the 

temperature goes down but it will be lost if there is not MPPT in use that explains the 

20% to 45% more power in winter. Additionally, in summer, the weather is very hot, 

which will decrease the output power of the solar, hence power drop that explains the 

less gain in the summer by the 10% to 15%. 

 

 

There are some parameters that helps to enhance the MPPT effect on the charge 

controller system, below are the critical parameters: 

- Cold weather improve the performance 

- Long wire runs losses voltage across the wire resistance unless large wires are 

provided which is more expensive. 

 

There are few non digital MPPT charge controllers which are cheaper and easier to 

construct but these have disadvantageous side too. Non digital MPPT does improve 

the efficiency to some rate but in certain cases it loses the tracking point and actually 

gets worse. 

 

Technically, the power point tracker operates by taking the DC and converts it to AC 

and rectifies it back to DC, followed by output regulator. However, in modern charge 

controllers, it’s smarter than what is used to be strictly electronic process, as now, the 

charge controllers operates on microprocessor, light and temperature sensors. 
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Analysis: 

Choose the charge controller 

Assuming that there are four panels that produces 6amps each, which is a total of 24 

maximum amps, also a wind turbine that produces a 12amps maximum. Therefore, 

total amps of 36 maximum in which a charge controller over 46amps must be chosen 

for safety. 

 

Four panels, each with 6 amps, gives 4*6= 24, 24 maximum amps thereby we pump out to 

over 32 amps for safety.  

A panel can only put out so many amps, so while the voltage is reduced from say, 33 volts 

to 13.6 volts, the amps from the panel cannot go higher than the rated amps - so with a 175 

watt panel rated at 23 volts/7.6 amps, you will only get 7.6 amps @ 12 volts or so into the 

battery. Ohms Law tells us that watts is volts x amps, so your 175 watt panel will only put 

about 90 watts into the battery. 
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- Microcontroller 

 

Operation: 

A microcontroller designed to easily be program through read data and perform 

calculations and construct things by. Additionally, it’s a small computer on a single 

integrated circuit which contains processor core, memory, input and output 

peripherals and a programmable memory usually is chip of small amount RAM. 

Microcontrollers are used in embedded applications while microprocessors used in 

general purpose applications or in personal computers. For example Arduino 

Microcontroller Company which has integrated circuit boards that has everything 

needed to make the interfacing easier in the board with clear purpose pins and 

application of each in available reference sources and manuals. Also, added testing 

codes and circuits that help aid students and hobbits to learn more through easy 

interface. Moreover, the MCU is connected to the board of the arduino which the 

board act as easy connection and interface with the MCU by getting data from and to 

its arduino board pins. Also a USB cable is given when buying an arduino to connect 

the arduino to the computer to display information or to reprogram the arduino. This 

arduino microcontroller can have many add-on boards to allow it to get temperature, 

wireless interface or get the GPS coordinates. 

 

Construction: 

Microcontroller and microprocessor are designed and made for a real time 

application. They are available in different version starting from 6 pin to 100 pins 

based on the features. Starting from the very first single chip microprocessor was 

4bits intel4004 and intel8008 which needs external chips to construct the system that 

raises the cost and result in economically impossible to implement in applications.  

On the other hand, Smithsonian institute has released the first microcontroller 

TMS1000 which has ROM, Read/Write, memory, processor and clock on the chip, 

which made interfacing easier. Followed by releasing a more modified 

microcontroller by interl8048 it has both RAM and ROM on the same chip.  
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Microcontroller has either EPROM, which is erasable programmable read only 

memory or PROM which is programmable read only memory, it only write the 

program once. But with the release of EEPROM memory which allowed the 

microcontroller to electrically erase quickly allowed a rapid growth in 

microcontrollers. 

Nowadays, Microcontrollers are self-contained system with processor, memory, 

peripherals that some of them are very sophisticated and have minimal requirements 

for memory, no operating system and low software complexity. Mostly used with 

input and output devices such as switches, relays, LEDS, LCD, ADC, DAC, GPS, 

Wireless, digital and analog sensors. Through the use of these, microcontroller can 

react to response to its task environment assigned. 

Types of Microcontroller: 

a) Sizes: 

8-bit microcontroller:  

Arithmetic logic unit can process 8 bit data at a time. Examples: Intel 8031/8051, 

PIC1x and Motorola MC68HC11 families. 

 

16-bit microcontroller:  
Arithmetic logic unit can process 16 bit data at a time. It provides greater precision 

and performance than 8-bit MCU. Examples: PIC2x, Intel 8096 and Motorola 

MC68HC12 families. 

 

32-bit microcontroller:  

Arithmetic logic unit can process 32 bit data at a time. It provides more precision and 
performance than 16 bit MCU. It is mostly used MP3, image processing based 

products, mobile phone, and audio systems. Examples: Intel/Atmel 251 family, 

PIC3x, Motorola M683xx families.  

 

b) Levels: 

Higher level microcontrollers: 

High level microcontroller has a simple hardware interface (plug) to other devices, 

easy to program, and it operates by attaching MCU to personal computer via USB 

cable. But, it is the most expensive microcontroller. Example: Gainer, Phidgets. 
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Mid level microcontrollers:  

Mid level microcontroller require building circuits for specific task, it can be 

controlled through a written code via open source programming software. Example: 

Arduino, BX-24 module.  
 

Lower level microcontrollers:  

Low level microcontroller requires external hardware chips added by user if they are 

needed such as voltage regulator, external EEPROM memory, and buffer. 

Programming language used is assembler or C. Example: Atmel’s AVR 

microcontroller. 

 
Arduino is rapidly growing and become the most popular MCU used in electronics 

projects. It has different types not only in features and designs, but also in processing 

capabilities and size. Arduino board is based on ATmega MCU from ATMEL which 

feature digital/analog I/O pins. It can be programmed by Ardiono open source 

software using C language or by any other software to program the microcontroller. 

For example in this research Arduino Mega 2560 

microcontroller will be used which is very commonly used 

and has lot of references. It has 54 pins for digital 

input/output (I/O), two ground pins and one reference pin 

which act as reference voltage for the analog pins input. 

This board has pins that directly supply 5v and 3.3v with a 

removable Atmega chip and reset pin. 

 

Analysis: 

Most commonly criteria used for choosing a Microcontroller is that it met the 

computer needs of the task efficiently and low cost (speed, I/O ports, size, no need to 

add memory, availability of software and easy to upgrade).  

Other features to look for in microcontrollers: 

GPIO:  pins are software configurable to either an input or an output state.  

ADC: Analog Digital converter 

DAC: Digital analog converter. 

PWM: pulse width modulation that allow the CPU to control power converters, 

resistive loads, motors and etc. 

UART: Universal Asynchronous Receiver/Transmitter, which receives and transmits 

data over a serial line and communicates with other chips in digital formats. 
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Basically a microcontroller is a single integrated circuit that commonly has the below 

features: 

 CPU: central processing unit: ranges from 4bits to 64bits processors. 

 RAM for storing data 

 ROM, EPROM, EEPROM or flash memory for the program 

 UARTs for serial input/output 

 Peripherals such timer , counters, PWM generator and watchdog 

 Clock generator, which is often is quartz timing crystal, resonator or RC  Ckt 

 ADC and DAC 
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- Battery 

 

Operation: 

A Device that consists of one or more electrochemical cells that converts stored 

chemical energy into electrical energy. It is either primary or secondary batteries; 

primary is the disposable batteries, while the secondary is the rechargeable battery. 

These electrochemical cells are also called voltaic cells because it provides a voltage 

once a chemical reaction happened between two unlike materials. These voltaic cells 

consists of two half cells connected in series by conductive electrolyte (solution of 

water and sulfuric acid) contains anions and cations. One half cells include the 

electrolyte and electrode to which –ve anions migrate (the anode), while the other 

held contains the electrolyte and the electrode to which +ve cations migrate (the 

cathode).  

Furthermore, the terminal voltage is the electrical driving force across the terminals of 

the cell that is measured in volts. The terminal voltage of a cell state can be charging, 

discharging and neither of each, which is an open circuit voltage. An ideal cell has 

negligible internal resistance, so it maintains a constant terminal voltage. However, in 

actual cells, the internal resistance increases under discharge and open circuit voltage 

also decreases under discharge. 
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Battery charging takes place in 3 basic stages: 

 

Bulk Charge:  

At this stage, the battery start returns its energy capacity from the charger. It will 

accept getting more current till the voltage reach 80% of maximum charge level 

which will be around 10.5V to 15V.  

 

Absorption Charge:  

The voltage at this stage will remain constant during the charging time, while the 

current start gradually decline till the battery reach 98% SOC as the internal resistance 

getting increase. The voltage value will be around 14.2V to 15.5V (overcharging); 

charge controller will divert the extra power to dump load.  

 

Float Charge:  

The voltage at this stage is regulated and reduced to its lower level around 12.8 V to 

13.0 V with less than 1 amp amount of current to prolong the battery service life time.  

 

 

Construction: 

In electricity, battery is one or more electrochemical cells that convert chemical 

energy in electrical form. It is simply store the electrical energy in a way that it can be 

harnessed easily. Batteries distinguish between each other by size, voltage, specific 

power, specific energy, voltage, and chemistry. It is designed to operate with one cell, 

or it can be connected in series to generate more volts amount. Nowadays, the 

common rechargeable batteries uses are Lead Acid type. It consist of 30% Sulfuric 

acid and 70% water at full charge state. 

Secondary batteries are rechargeable batteries with a discharging rate, they are 

recharged by applying an electrical current which reverse the chemical reaction that 

occurred during its use. Moreover, it's great to note that the output voltage depends 

only on the chemical in the cell, while the current capacity increases with larger sizes.  
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Analysis: 

Ampere-hour (AH) rating: it indicates how much load current a battery can supply 

during a specific discharge time. For example 100AH ratings can deliver 10A for 

10H. 

Battery Performance: Charge Cycle, internal chemistry, current drain and 

temperature can effect highly on the battery performance over lifetime. 

Battery Capacity is the amount of the electrical charge it can store. Also, the 

availability of the electrolyte and electrode material in the cells results to the 

availability of great capacity in the cell. However, the capacity of the battery depends 

on the discharge conditions such as magnitude of the current. Therefore, if the 

discharge in the battery is relatively high rate, the available capacity will be lower 

than expected. 

Charging Speed: varies from a battery to another, lithium iron phosphate is the 

fastest charging batteries. 

Battery lifetime: based on a self-discharge rate, a battery loses a percentage of its 

original charge annually. However, the primary battery is stored in lower temperature 

room, the life span of the battery would be longer but in high or low working 

temperature environments, it will affect the discharging performance. On the other 

hand, secondary batteries battery lifetime is limited to chemical reactions. 

 

 

Technical Parameters: 

 

The number of charge and discharge cycle to specify rechargeable batteries 

expected life. 

Cycle life 

The discharge current, it is a measure of rate at which a battery is discharged 

relative to its maximum capacity. It signifies the discharge rate corresponding t8o 

the capacity of the battery in one hour. For example a 1C would mean that 1.6Ah 

battery would discharge in 1hour, while 2VC means the discharge current of 3.2A 

within 1 hour. 

C- rate 

The discharge power, it is a measure of rate at which a battery is discharged relative 

to its maximum capacity. 

 

E-rate 

State of the present battery capacity as a percentage of maximum capacity. State of Charge  % 



56 

 

 

The percentage of battery capacity that has been discharged expressed as a 

percentage of maximum capacity. A discharge to at least 80 % DOD is referred to 

as a deep discharge. 

Depth of Discharge % 

The value of voltage between the battery terminals when there is a load. Terminal Voltage 

The voltage between the battery terminals without load applied. It gets increasing 

with state of charge. 

Open-circuit voltage 

The resistance within the battery. The battery efficiency getting decrease once the 

internal resistance is increased. 

Internal Resistance 

The normal or reference voltage of the battery. Nominal Voltage  

The minimum allowable voltage. It defines the empty state of the battery.  Cut-off Voltage 

The total Amp-hours available when the battery is discharged at a certain discharge 

current (specified as a C-rate) from 100 percent state-of-charge to the cut-off 

voltage. It decreases with increasing C-rate. 

Capacity or Nominal 

Capacity (Ah for a 

specific C-rate) 

The total Watt-hours available when the battery is discharged at a certain discharge 

current (specified as a C-rate) from 100 percent state-of-charge to the cut-off 

voltage. 

Energy or Nominal 

Energy (Wh (for a 

specific C-rate)) 

The nominal battery energy per unit mass. It determines the battery weight needed 

to achieve a given electric range. 

 

Specific Energy 

(Wh/kg) 

The max power per unit mass. It determines the battery weight needed to achieve a 

given performance target. 

Specific Power (W/kg) 

The nominal battery energy per unit volume. It determines the battery size needed 

to achieve a given electric range. 

 

Energy Density (Wh/L) 

The max power per unit volume. It determines the battery size needed to achieve a 

given performance target. 

Power Density (W/L) 

Maximum amount of current can be discharged continuously from the battery.   Maximum Continuous 

Discharge Current 

: Maximum amount if current can be discharged for pulses of up to 30 seconds 

from the battery.  

 

Maximum 30-sec 

Discharge Pulse 

Current 

The voltage that the battery is charged to when charged to full capacity.  Charge Voltage 

: The voltage at which the battery is maintained after being charge to 100 percent 

SOC to maintain that capacity by compensating for self-discharge of the battery. 

Float Voltage 

The ideal current at which the battery is initially charged. Charge Current 

 

 

BATTERY TYPES 
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 Nickel Cadmium (NiCd) 

Nickle Cadmium battery is one of the strongest batteries that perform well under a 

rigorous condition, and it can be used in moderate temperature for charging purpose 

and high/low temperature in discharging situation. In the other hand, it does not have 

the ability to be used continuously for several days, but a periodic full discharge is a 

must. Because crystals will be formed on the cell plates which will make the battery 

to start working from 80% state of charge. Thus, the battery will lose its performance 

due to the memory record of the last charging point, but it will provide a large 

number of charge/discharge cycles if it is maintained probably. 

 

 

 Nickel Metal Hydride (NiMH) 

NiMH battery is designed to be used for heavy loads that needs deep cycled 

the battery to draw a high current. It can works under a moderate temperature 

in charging mode and high/low temperature in discharging mode, but storing it 

in a high temperature will limits its service life. NiMH has a less prone to 

memory compared to NiCd, but it suffers from high self discharge.  

 

 

 Lithium-ion battery 

Lithium ion is one of the fastest growing batteries in the market due to its 

lightest weight and small cell with high voltage. These small cells designed to 

provide a high voltage to allow the lithium rechargeable battery operate with 

only one single cell.  It is made with less than half self discharge of NiMH and 

NiCd, and without memory. In addition, it does not need maintenance but a 

protection circuit is a must in each pack for a safe operation; overcharging will 

cause an explosion. The purpose of the protection circuit is to limit the peak 

voltage of each cell when the battery in a charging mode, and to prevent the 

sudden drop of the voltage during discharging situation. Lithium ion works 

under a high temperature in charging mode and under high/low temperature in 

discharging mode. This type of battery suffers from aging; whether the battery 

used or not, some of its capacity will deteriorates after one year.    
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Types of Lithium ion: 

 Lithium-ion cobalt (LiCoO2) 

It has a moderate load capabilities and modest service life.  

  

 Lithium-ion manganese (LiMn2O4) 

This type is designed to be used with high charge and discharge 

current.  

 

 Lithium-ion phosphate (LiFePO4) 

It is similar to lithium ion manganese, but with long cycle life. This 

type is suffering from high self discharging to the other types of Li-ion 

battery.  

 

In this project, the lead acid battery type will be used: 

 

 Lead Acid 

It is one of the oldest rechargeable battery systems that made with capability 

of high discharge rate and designed to work with high loads and under any 

position; it can tolerate to operate in high/low temperature for charging and 

discharging mode. Lead acid batteries have the lowest self discharge rate 

compared to other types, and it requires a very low maintenance. Thus, it has 

the longest service life. In addition, it provides the greatest amount of energy 

density, and it has the best charge retention; it can hold the electric charge by 

the cell when there is no current drawn. The limitation of this battery type that 

it cannot be stored in a discharged condition, and allows a limited number of 

full discharge cycles. 

 

 

 

 

 

 

- Dump Load 
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Operation: 

In a high wind or light condition, the generators will continue charging the battery till 

it reaches the maximum voltage. For a 12V battery, the exact fully charged voltage is 

14V depending on the type of battery going to be used. Once the battery reached the 

highest voltage, generators should stop charging it to protect the battery from 

overcharging which will lead to battery destruction and it may cause explosion, but 

generators have been designed to work under an electrical load. So to accomplish this 

task, dump load can only work with a charge controller to decide when power must be 

diverted. 

For more efficiency working, dump load resistors should be tolerating the high 

temperature by choosing high power. As a benefit, the heat produced by these 

resistors can be used as a heater. 

 

Construction: 

Wind turbine and photovoltaic generators are designed and made to generate energy 

for charging electrical loads such as battery bank. To operate the system in ideal 

conditions to continue generating energy when it exposed to glazing sunlight and high 

wind. The redundant excess generated energy will damage the battery unless it is find 

a way to be disputed. Thus a dump load device will be used to protect the battery from 

overcharging. 

 

Analysis: 

As an example;  

If battery voltage = 12V, wind turbine power = 600 watt, photovoltaic power = 400 

watt, and dump load power = 300 watt with internal resistance = 0.73 ohms. 
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Calculating the required dump load: 

For safety, dump load should be chose to exceed the maximum output of complete 

system by 20% using the following equations. 

Complete system output = maximum power of photovoltaic + maximum power of 

wind turbine. 

                                        = 400 watt + 600 watt = 1000 watt 

In this case, dump load power = (1000 watt + 20% = 1200 watt) 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

6.1.  Specifications and Features 

 

 

6.1.1 Overall expected functionality 

 

In this Capstone Project, the hybrid solar wind power generation system with the 

microcontroller for digital control system ; the microcontroller  is fed by the sensors 
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data to react accordingly, as the voltage and current sensors of the wind turbine, solar 

panel, battery and diesel engine provide data to the microcontroller, the 

microcontroller react based on the program installed in the memory chip attached, as 

it will check the battery voltage and switch the charge controller to dump load, 

charging battery, or switch the diesel engine. However, the current and voltage 

sensors for other power supply sources will give the ability to the microcontroller to 

detect errors and problems of the system via comparing that data with light intensity 

sensor and wind speed sensor. Furthermore, the fuel level sensor will detect when the 

diesel engine running out of fuel. This detect of issues will be sent to the monitoring 

station via the use of Xbee, the wireless device to seek maintenance when needed 

 

 
 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

6.1.2. Expected features 
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Arduino Microcontroller  

The Arduino Microcontroller acts like an intermediate between the flow of all 

information and control switches of the system. It has certain number of analog inputs 

pins and I/O digital pins based on the arduino version purchased.  

Charge Controller 

The Charge controller consists of many switches to connect parts of the system 

together or disconnect them. The charge controller is controlled by the 

microcontroller installed program. 

Solar Panel   

It Converts the Solar Energy from the sun through panels in chemical reaction to 

produce electrical current. It is used in this project as one of the main power supply 

sources. 

Wind Turbine 

It converts the wind energy by mechanical movement to the shafts connected to the 

generator resulting in electrical current. It is used in this project as one of the main 

power supply sources. 

Diesel Engine 

When the ignition system starts it, it uses the fuel supplied in the tank inside the 

engine with little air inside to create heat and move the pistol inside, creating 

movement which in turn shifted to electrical current through generator. 

Dump Load 

It is rated to be more than the total power supplied from the wind turbine and the solar 

panel by 20% to avoid overheat and dump the extra power produced when the battery 

is full. 
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Battery 

It’s a storage tank for the electrical power produced by the wind turbine and the solar 

panel; it must be deep cycling battery based on the nature of the project. It acts as the 

main power supply to the load. 

Voltage/Current Sensor 

It’s a sensor that measures the voltage and the current supplied to it, this sensor 

measures the voltage through voltage divider, and the current through shunt resistor 

and op-amp. This sensor will be used in Wind Turbine and Solar Panel power 

supplied and sends the analog data to the microcontroller for further actions. 

Anemometer  

Its sensor that’s analog input varies based on wind speed in the environment placed 

in. In this project, this sensor will sense the wind speed to report data to the 

microcontroller for further actions. 

 

 Fuel Level  

It’s a sensor that’s resistivity changes based on liquid level in a tank. It is used in this 

project to sense the fuel level in the diesel engine tank to report data to the 

microcontroller for further actions. 

Xbee 

Wireless device that is used for communication reasons, in the project it connect the 

system microcontroller data to the monitoring station. 
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6.1.3. Expected specifications 

a) Arduino Mega Microcontroller  

 

Features: 

 ATmega2560 microcontroller 

 Input voltage - 7-12V 

 54 Digital I/O Pins (14 PWM outputs) 

 16 Analog Inputs 

 256k Flash Memory 

 16Mhz Clock Speed 

Technical Specifications  

Operating Voltage 5V 

Input Voltage (recommended) 7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins 54 (of which 15 provide PWM output) 

Analog Input Pins 16 

DC Current per I/O Pin 40 mA 

DC Current for 3.3V Pin 50 mA 

Flash Memory 

256 KB of which 8 KB used by boot-

loader 

SRAM 8 KB 

EEPROM 4 KB 

Clock Speed 16 MH 
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b) Charge Controller 

Features: 

1. Maximum power: 1000W (rated at 27V & 37.5A)  

2. System Voltage: 12V Nominal  

3. Microprocessor based control electronics to control charging, outputs and 

dump load 

4. Dump load utilize Pulse-width modulation (PWM) switching technology to 

recover power during high wind periods 

5. Keeps battery in an optimum charged state 

6. Internal diode to prevent reverse current to solar panels or wind turbine at 

night 

7. High quality finned aluminum casing to protect the interior and dissipate heat 

8. Over current Protection (40A Fuse) 

Technical Specifications  

  Operating temperature range -25'C - 85'C 

  Weight 
952g 

2.1lb 

  Dimension (L x W x H) 
19.3 x 13.1 x 6.9 cm 

7.5" x 5.2" x 2.7" 

  Mounting Wall Mount at base 

  Cooling 
Convection cooled with fan  

(activate around 50'C ~ 60'C) 

  Casing 
High quality finned aluminum to act as heat 

sink for fast heat dissipation 
 

 

  -25'C - 85'C 

  
952g 

2.1lb 

  
19.3 x 13.1 x 6.9 cm 

7.5" x 5.2" x 2.7" 

  Wall Mount at base 

  
Convection cooled with fan  

(activate around 50'C ~ 60'C) 

  
High quality finned aluminum to act as heat 

sink for fast heat dissipation 
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c) Solar Panel  

Technical Specifications  

 mono crysalline cell, tempered glass, Aluminum alloy frame.  

 Pmax maximum power                 220W  

 Pmax current                           33.68A  

 Pmax voltage                           17.6V  

 Short circuit current                  6.28A  

 Open circuit voltage                   22.1V  

 Weight                                  8Kg (17.6 pounds) 

 Size:                                    47" X 21.5" 

 

d) Wind Turbine 

 Blades with the ability of automatically stall protection under strong wind 

 400 watts maximum output  

 Designed to perform in low wind speeds with low noise aerodynamic carbon 

fiber blades 

 Built-in over speed protection  

Technical Specifications  

 Rated power: 300W ,    MAX power: 400W 

 Rated current: 25A/12.5A 

 Rated speed: 1850r/m 

 Number of blade: 3 pcs 

 Starting wind speed: 3.5m/s 

 Rated wind speed: 12.5m/s 

 Output line anti-winding device: Overall three-phase commutator 

 Package dimension: 72cm×40cm×22cm 
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e) Diesel Engine 

 Specification of 1000W power to be supplied in backup emergency power 

 Electrical ignition system 

 

f) Dump Load 

 

 Any load that can make use of 1008W like water heater. 

 

g) Battery 

 Deep Cycle Lead Acid Batteries 

 Connect two in series for 12V system 

Technical Specifications  

 

Part Model Volts 
Ah 

capacity 
Length width  Height Price 

GC-

145-

H 

Size 

GC145 
6V 245Ah 10.33 7.13 11.56 $180.95 

 

 

h) Voltage/Current Sensor 

Features: 

 51.8V Max 

 89.4A Max 

 Very low zero current offset 

 Analog output scaled for 3.3V ADC 

Dimensions: 4 x 15 x 19mm 
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i) Anemometer 

 a high quality 3-cup rotor pressed on a stainless steel shaft  

 reed switch and magnet providing one pulse per rotation 

 25 feet of exterior grade wire 

Technical Specifications  

SENSOR TYPE 

3-Cup rotor 

Reed switch/magnet provide 1 pulse 

per rotation. 

OUTPUT for D2 Rotor  

(Shown in photo) 

1 pulse per rotation 

2.5 mph per Hz 

OUTPUT for Maximum Rotor  

(Sold on products prior to ~May 2005) 

1 pulse per rotation 

3.4 mph per Hz 

ROTOR DIAMETER  ~125 mm 

POWER No power required 
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j) Fuel Level sensor 

Specifications: 

 Resistance: 10kOhm 

 Resistance Tolerance: +/- 20% 
 Linearity: +/-5% 

 Life cycle: >1 million 

 Height: <= 0.40mm 

 Temperature: -40C to +50C 

 IP Rating: IP66 

Dimensions: Thickness is 0.096" or 2.44mm 

 

k)  Xbee 

 Kit allows for simple serial cable replacement 

 Modules support data rates up to 115200bps 

 DIN and DOUT pins of XBee can be connected to either the UART pins or 

any digital pin on the Arduino (D2 and D3 default) 

 3.3V power regulation and level shifting on-board 

 12 x 11 grid of 0.1" spaced prototyping holes 

 Reset button 

 Power, DIN, DOUT, RSSI and DIO5 indicator LEDs 

Kit includes: 

 2 x XBee Modules (1mW with Chip Antenna) 

 1 x XBee Shield 

 1 x XBee Explorer 

 2 x Stackable Headers 6-pin 

 2 x Stackable Headers 8-pin 
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6.2.  Hardware Block Diagram  

 

 

 

 

 

 



71 

 

 

 

 

 

Description: 

 

     Hybrid Solar Wind Diesel Power Generation is a complicated system, designing it 

required lot analysis for a sophisticated system. Furthermore, Referring to the 

Hardware figure above, System has so many blocks with varying functions, Starting 

with the input blocks to the system which are Wind Turbine, Solar Panel , Diesel 

Engine, Temperature sensor, Current Sensors, Voltage Sensors, light intensity 

Sensor, Fuel level , battery voltage and Wind speed, for illustration for the inputs of 

the system, see figure below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

System 

Wind Turbine 

Solar Panel 

Diesel Engine 

Wind Voltage 

Wind Current 

Light intensity 

Solar voltage 

Solar Current 

Wind Speed 

Fuel level 

Temperature 

Battery Voltage 
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The system will take the power input from both the wind turbine and solar panel and 

send them to the charge controller. The charge controller will direct the power will 

be directed to the battery or the dump load battery based on battery voltage input; as 

when the battery voltage sensor inputs a data that the battery is full, the charge 

controller switch to dump load, while when the battery is undercharged, the diesel 

engine will be switched on to supply the load with the power needed until the battery 

is charged again. 

 

Moreover, the other sensors will be used for the troubleshooting purpose, for 

example, the system will be able to identify problem in the wind turbine or the solar 

panel, when the wind speed and the light intensity sensors reading does not match 

with the input power given to the system that is read by the voltage and current 

sensors. Furthermore, the fuel level sensor will sense the diesel engine is running out 

of fuel. This data of identified problems in the system will be sent to the wireless 

(Xbee) block where it will report the problems to the monitoring station. Below is an 

illustration figure for the output of the system: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

System 
DC Load 

AC Load 

Wireless (Xbee) 
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The load of the system can be a DC load or an AC load, therefore, a need for an 

inverter connected to the battery for AC loads is required, as the inverter will switch 

the DC voltage supplied by the battery to AC voltage supplied to the AC Load. 

Below is the closed-loop system diagram: 
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                 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ref. Battery Voltage Microcontroller Charge Controller & Xbee 

Sensors 
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6.3.  Software Dataflow Diagram 
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Description: 

 

      The software design starts by sensing if the load switch is on or off, if there isn’t 

any load the switch will of off and therefore, the software will take the path where 

the battery will be charging until its full then shift to the dump load. However, when 

there is a load, the software then has three paths; Battery full, Battery Standard and 

Battery drain. The software will select which path based on the battery voltage 

sensor, as when it sends data that only 20% charge is left in the battery, this where it 

take the battery drain mode, while, battery standard mode falls between 23%-99.9% 

and the 100% is the battery full  mode. Furthermore, the battery drain mode will 

switch the diesel on.  
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6.4.  System sizing 

 

Through researching there were different methods used to adjust the project specific 

features, however, in this capstone project the power rating of each appliance should 

be well noted and analyze the system based on it. For illustration; the system consists 

of the following loads below:  

2x100W 110VAC Light bulb 

1x60W 12VDC Water Pump 

 

 Calculating the total load 

(Load power x number of applications/devices x hours works per day = 

wh/day) 

Light bulbs : 100watt x 2 x 3hours =  600Wh/day 

Water Pump : 60watt x 1 x 3hours = 180Wh/day 

Total load of 780Wh/day 

 

 Solar Input analysis: 

Expected average sun peak hours is 6 hours per day 

Required solar panel power input = (780/6) *1.4 = 219.8W 

Selecting solar panel of minimum 220W is best and bigger the better. 

 

 Charge Controller 

The total short circuit current for each panel should be summed represented 

as RSC 

RSC x1.25 = the amps required to select the best charge controller 

 Inverter 

Should be selected more than the watt of total loads of AC and DC 

Total load of AC and DC is 260Watt, therefore, more than 260Watts required 
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 Battery 

Battery nominal voltage is 12v, assuming 60% depth of discharge and battery 

loss of 85% and 3 days storage capacity and 90% efficiency. 
 

Expecting 30% discharge and 2 days storage capacity and 90& efficient 

Ah = [[[[ 
  

            
                                               

                                        

 

Ah required for the battery = [[(780Wh /0.85)/(0.6*1.1)] / 12] x 2]  =  

231.729Ah. 

 

Assuming full input power from solar and wind turbine,  

Current (Amps) = Total watt from solar and wind turbine divided by the 

voltage 

Hours to fully charge = Battery chosen of 245Ah divide by current + 10% 

I = 840W/12V = 70A 

Hours to charge the battery = 245Ah / (70A) = 3.5 hours sun peak 

Add 10% on the time for efficiency related issues resulting in 3.85 hours to 

fully charge the battery 

 

 Wind Turbine  

Wind turbines are always rated by their wind power only, yet other aspects 

should also be taken in consideration for accurate selection of the material 

 

P = 0.5 x rho x A x V3 

Where 

P: is power in watts (W) 

rho: is the air density in kilograms per cubic meter (kg/m3), (about 1.225 

kg/m3 at sea level) 

A: is the swept rotor area in square meters (m2) 

V: is the wind speed in meters per second (m/s). 
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 Diesel Engine 

Diesel Engine are always rated by their wind power and horse power 

P = N  xV x I = Watts 

V: voltage  -  I: Current -  N: effiency  

Hp = Nx V x I / 746 = p/746 

Also Note that the higher the torque of the engine, the more power it 

produces  

Hp = T x RPM/5,252 

 

 Dump Load 

Load to safely operate your system (20% more than total load). However, the 

dump load in the capstone project is specified to be a battery, therefore a 

modification to the previous calculation is required to accommodate 20% more 

than total load 

 

The solar input is calculated to be 220W a panel, two panels is installed 

resulting in sum of 440W, and the 400W for wind turbine, total of 840W 

840W x 1.2 = 1008W 

Current (Amps) = Total watt from solar and wind turbine divided by the 

voltage 

Battery chosen of 245Ah divide by 1.25 of output power + 10% 

I = 1008W/12V = 84A 

Hours to charge the battery = 245Ah / (84A) = 2.91 hours sun peak 

 

 

Add 10% on the time for efficiency related issues resulting in 3.2 hours to 

fully charge the battery 

For worse case of assumption, a dump load of 1008W will be considered in the buy 

list 
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6.5. MATlab Simulation  

 

        MATlab Simulink software will be used to model the 

wind/diesel/solar/battery hybrid system in a remote area to attain the most 

practical and cost effectives means to operate it. The purpose of employing solar 

and wind system along with the battery bank is to minimize the usage of diesel 

generators. The diesel generators are only used in situations where the battery 

bank is not able to supply the demand. We take the help of Simulink block 

models to custom our hybrid model system. Once the circuit constructed, 

simulation are executed for a specified amount of time. The expected outcome 

of the hybrid system is to provide the demand with as much possible with solar 

and wind and not to utilizes the diesel generators. 

 

        Matlab is a powerful functional language popular for matrix programming. 

It is specifically tuned for numerical and engineering application. It has the 

ability to do parallel processing where several tasks can be performed 

simultaneously. It works in the form of script from top to bottom executing line 

by line all the statements in one file. It can also take help of functions with 

variable input and variable output. 

Simulink employs the modelling of dynamic system, it provides a numerical 

simulation environment. It also comes with the graphical user interface for the 

facilitation creating various block diagrams. A system is usually configured in 

the form of block diagrams extracted from a library of standard components. 

The beauty of the Simulink is in the interruption process where a user can have 

access to run time variables and can check the status of many processes. 

Furthermore, we can convert our MATlab functions into Simulink block 

diagram to have a seamless integration between MATlab and Simulink 

environment. 
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Power generation system simulation model: 

 

 

 

 

 

 

 

 

 

 

 

 

Charge Controller Code: 

function [outputpower,dumpload] = 

chargecontroller(solarpower,windpower,dieselpower,currentbatterystatus) 

%#codegen 

  

batterycapacity=50; 

decision = (currentbatterystatus/batterycapacity)*100; 

  

if decision<20  

    outputpower=solarpower+windpower+dieselpower; 

    dumpload=0; 

elseif decision >97  

    outputpower=0; 

    dumpload=solarpower+windpower+dieselpower; 

else 

    outputpower=solarpower+windpower; 

    dumpload=0; 

end 
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Battery Code: 

function [outputpower,currentbatterystatus] = 

battery(inputpower,demand,previousbatterystatus) 

%#codegen 

  

capacity=50; 

if previousbatterystatus==0 

    outputpower=0; 

    if (inputpower<capacity) 

    currentbatterystatus=inputpower; 

    else 

    currentbatterystatus=capacity; 

    end 

  

elseif demand>previousbatterystatus 

    outputpower=previousbatterystatus; 

    if (inputpower<capacity) 

    currentbatterystatus=inputpower; 

    else 

    currentbatterystatus=capacity; 

    end 

else  

    outputpower=demand; 

    currentbatterystatus=previousbatterystatus-outputpower; 

end 
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Expected Values Simulation: 

A) Solar Power  

>> t= [10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 

200 210 220 230 240]; 

>> w= [0 0 0 0 0 30 96 135 150 155 160 170 160 155 150 135 96 35 96 35 0 0 

0 0]; 

>> solarpower=[t;w] 

 

solarpower = 

 

  Columns 1 through 12 

 

    10    20    30    40    50    60    70    80    90   100   110   120 

     0     0     0     0     0    30    96   135   150   155   160   170 

 

  Columns 13 through 24 

 

   130   140   150   160   170   180   190   200   210   220   230   240 

   160   155   150   135    96    35    96    35     0     0     0     0 

 

>> save('solarpower.mat','solarpower','-v7.3') 
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B) Wind Power 

>> t= [10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 

200 210 220 230 240]; 

>> w= [80 75 75 0 0 0 0 50 75 95 100 80 95 75 0 0 0 0 0 50 75 120 100 80]; 

>> windpower=[t;w] 

 

windpower = 

 

  Columns 1 through 12 

 

    10    20    30    40    50    60    70    80    90   100   110   120 

    80    75    75     0     0     0     0    50    75    95   100    80 

 

  Columns 13 through 24 

 

   130   140   150   160   170   180   190   200   210   220   230   240 

    95    75     0     0     0     0     0    50    75   120   100    80 

 

>> save('windpower.mat','windpower','-v7.3') 
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C) Diesel Power 

>> t= [10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 

200 210 220 230 240]; 

>> w= [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0]; 

>> dieselpower=[t;w] 

 

dieselpower = 

 

  Columns 1 through 12 

 

    10    20    30    40    50    60    70    80    90   100   110   120 

     0     0     0     0     0     0     0     0     0     0     0     0 

 

  Columns 13 through 24 

 

   130   140   150   160   170   180   190   200   210   220   230   240 

     0     0     0     0     0     0     0     0     0     0     0     0 

 

>> save('dieselpower.mat','dieselpower','-v7.3') 
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D) Load Demand 

>> t= [10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 

200 210 220 230 240]; 

>> w= [70 70 70 70 70 0 0 0 0 0 0 0 0 0 0 0 0 70 70 70 70 70 70 70]; 

>> DCdemand=[t;w] 

 

DCdemand = 

 

  Columns 1 through 12 

 

    10    20    30    40    50    60    70    80    90   100   110   120 

    70    70    70    70    70     0     0     0     0     0     0     0 

 

  Columns 13 through 24 

 

   130   140   150   160   170   180   190   200   210   220   230   240 

     0     0     0     0     0    70    70    70    70    70    70    70 

 

>> save('DCdemand.mat','DCdemand','-v7.3') 
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Actual Values Simulation: 

 

A) Solar Power 

>> t= [10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 

210 220 230 240]; 

>> w= [0 0 0 0 0 30 96 135 150 155 160 170 160 155 150 135 96 35 96 35 0 0 0 0]; 

>> solarpower=[t;w] 

 

solarpower = 

 

  Columns 1 through 12 

 

    10    20    30    40    50    60    70    80    90   100   110   120 

     0     0     0     0     0    30    96   135   150   155   160   170 

 

  Columns 13 through 24 

 

   130   140   150   160   170   180   190   200   210   220   230   240 

   160   155   150   135    96    35    96    35     0     0     0     0 

 

>> save('solarpower.mat','solarpower','-v7.3') 
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B) Wind Power 

>> t= [10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 

210 220 230 240]; 

>> w= [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0]; 

>> windpower=[t;w] 

 

windpower = 

 

  Columns 1 through 12 

 

    10    20    30    40    50    60    70    80    90   100   110   120 

     0     0     0     0     0     0     0     0     0     0     0     0 

 

  Columns 13 through 24 

 

   130   140   150   160   170   180   190   200   210   220   230   240 

     0     0     0     0     0     0     0     0     0     0     0     0 

 

>> save('windpower.mat','windpower','-v7.3') 
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C) Diesel Power 

>> t= [10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 

210 220 230 240]; 

>> w= [70 70 70 29.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0]; 

>> dieselpower=[t;w] 

 

dieselpower = 

 

  Columns 1 through 7 

 

   10.0000   20.0000   30.0000   40.0000   50.0000   60.0000   70.0000 

   70.0000   70.0000   70.0000   29.4000         0         0         0 

 

  Columns 8 through 14 

 

   80.0000   90.0000  100.0000  110.0000  120.0000  130.0000  140.0000 

         0         0         0         0         0         0         0 

 

  Columns 15 through 21 

 

  150.0000  160.0000  170.0000  180.0000  190.0000  200.0000  210.0000 

         0         0         0         0         0         0         0 

 

  Columns 22 through 24 

 

  220.0000  230.0000  240.0000 

         0         0         0 

 

>> save('dieselpower.mat','dieselpower','-v7.3') 
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D) Load Demand 

>> t= [10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 

210 220 230 240]; 

>> w= [70 70 70 70 70 0 0 0 0 0 0 0 0 0 0 0 0 70 70 70 70 70 70 70]; 

>> DCdemand=[t;w] 

 

DCdemand = 

 

  Columns 1 through 12 

 

    10    20    30    40    50    60    70    80    90   100   110   120 

    70    70    70    70    70     0     0     0     0     0     0     0 

 

  Columns 13 through 24 

 

   130   140   150   160   170   180   190   200   210   220   230   240 

     0     0     0     0     0    70    70    70    70    70    70    70 

 

>> save('DCdemand.mat','DCdemand','-v7.3') 
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6.6. System Modeling  

     Mechanical design 

      

 Wind Turbine Tower and electronic Box Design: 
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Solar Panel Stand Design: 
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Engine Generator: 
 

 

 
 

 

Weight 60kg 

Fuel Tank Capacity 16.6 L 

Engine Oil Capacity 0.6 L 

Type Air-cooled – 4sstroke - OHC 

AC output 220-50, 240-50, 230-50, 120/240-60 

DC Output 12V  

Fuel Automotive unleaded Gasoline  
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Battery: 
 

 

 

 
 

 

Weight 17.6kg 

Ah Capacity 50 

CCA 800 

R/C 25A 100mins 

MCA 1000 

Voltage  12v 

Internal resistance 0.003 ohms 
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Actual Project Picture  
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6.7. Testing Verification and Validation  

 

Solar Panel and Wind Turbine Testing: 

First the testing can be done using a Multimeter to check the output voltage, and the 

current can be measured too by Multimeter and shunt resistor. However, extra things 

to check as it effect the voltage output, like the sun condition and direction angle or 

the wind speed and the direction in case of wind turbine, make sure the solar 

panel/Wind Turbine is fully disconnected from the regulator to be able to test its 

performance and to connect the panel/turbine to the battery in one terminal and check 

the current, if there is a value but it wasn’t with a regulator, then the regulator or the 

charge controller is faulty. Additionally, the current readings will be low when the 

battery is full.  

Furthermore, there are some precautions such as to fully disconnect the solar 

panel/wind turbine from the charge controller before removing the battery from the 

charge controller, and to always connect the battery first to the charge controller. 

Additionally, during the connection of the two solar panels in parallel using the 

soldering iron and soldering wire, connectivity test on the terminals must be taken in 

consideration for connection confirmation. Check below is the soldered board for the 

solar panel parallel connection. 
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Charge Controller: 

First, the charge controller needs to be tested in different cases and check that it does 

the tasks designed to. In case there is over heat, then the current limit is exceeded, 

also to make sure that the battery is not full when testing. Below is simple designed 

Charge Controller circuit constructed for the purpose of understanding the 

mechanisms of general charge controller. 

 

 

 

 

 

 

During the testing of the designed Charge controller, an issue regarding battery status 

was raised to the point there is a need for alteration of the design for accurate readings 

of the battery status. Below is the designed battery charge status modified circuit. 

 

 

 

 

 

 

 

4.6V 

Rechargeable 

Battery 

Sensor        

V&I 
6V 

Power Supply 
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Load:  

The AC Load was purchased and constructed with outlet head plug for 110V with a 

fuse . the load was connected to the power outlet in the building and tested. 

 

DC Load 

The availability of DC load as light bulb was not in the Kuwait market, the need to to 

decrease the power demand of the DC loads was a must, therefore, a series of DC 

light bulbs was connected in parallel as the picture below illustrates . Each has power 

rating of 35watts, which sums to DC 105 watts. Hence, during the parallel connection, 

connectivity test must be considered to check all terminals of the load circuit. 

Followed by connecting the DC load circuit to the battery and check each light bulb 

through the switch associated for each light bulb, some connectivity problems was 

raised but finally, the DC load circuit works as it supposed to. 

 

 

 

Autopilot Voltage Current Sensor test 

After the connections was made, connectivity test shall be proceeded to check the 

soldering work quality. Followed by, constructing testing circuit with the use of 

Arduino, install testing code shown in the picture below and get the readings. 
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int VRaw; //This will store our raw ADC data 

int IRaw; 

float VFinal; //This will store the converted data 

float IFinal; 

 

void setup() { 

Serial.begin(9600); 

} 

 

void loop() {  

 

  //Measurement 

  VRaw = analogRead(A0); 

  IRaw = analogRead(A1); 

 

  //Conversion 

  VFinal = VRaw/49.44; //45 Amp board   

  IFinal = IRaw/14.9; //45 Amp board 

 

 

  Serial.print(VFinal); 

  Serial.println("   Volts"); 

  Serial.print(IFinal); 

  Serial.println("   Amps"); 

  Serial.println(""); 

  Serial.println(""); 

  delay(1000); 

   

} 
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Vortex Wind Sensor 

The wind sensor was connected to an arduino and a code was designed to get the 

readings from the sensor itself and convert it through ADC in the arduino PCB pins. 

Below is the picture of the code and the readings, followed by a picture of the sensor 

itself and its connections to the arduino. 

 

 

Diesel Generator: 

 

First of all, make sure there is enough fuel in the tank, also to make sure the tank 

cover is closed for safety. First switch on the engine to make sure it works properly 

before any modifications on it, once the system is switched on and works properly, 

connect DC and AC loads to it to check if it’s working efficiently. Followed by, 

constructing the proper connections with the microcontroller assigned by a series of 

switches.  

 

Microcontroller code for switching test: 

 

 

void setup() { 

  Serial.begin(9600);     //initialize serial 

  pinMode(13, OUTPUT);    //set pin 13 as output representing D1 

  pinMode(12, OUTPUT);    //set pin 12 as ouput representing D2 

} 

 

void loop() { 

   

 

digitalWrite(13,HIGH);  

 digitalWrite(12,HIGH); 

delay(10000); 

// engine ignition system is on and engine is running  

 

digitalWrite(13,LOW);  

 digitalWrite(12,LOW); 

// engine is switched off 

 

} 
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Xbee: 

 
 

In Xbee stage, Terminal software was used to 

configure the Xbee modules; the Xbee module 

was connected to Xbee explorer and connected to 

the computer. A serial port configuration was 

fixed to identify the Xbee port to the Terminal 

software.  
 

From the figure, the Xbee module parameters 

were read by terminal software, it shows the 

Channel, ID and the coordinator. Both Xbee 

modules were fixed to have the same version, ID 

and channel, while one of them is set to be the 

coordinator. 
 

 

 

 

 

 
 

The Arduino was uploaded with the sketch below for testing purposes: 

 

 

void setup() { 

  Serial.begin(9600);     //initialize serial 

  pinMode(13, OUTPUT);    //set pin 13 as output 

} 

 

void loop() { 

  while(Serial.available()){  //is there anything to read? 

 char getData = Serial.read();  //if yes, read it 

 

 if(getData == 'a'){ 

 digitalWrite(13,HIGH); 

 } 

else if(getData == 'b'){ 

  digitalWrite(13,HIGH); 

 

}}} 

 

Xbee are wireless transceivers from Digi that uses the Zigbee protocol through setting 

up serial communications between our applications. Xbee can go with 802.15.4 layers 
of network, but the Zigbee protocol Xbee can support advanced mesh routing 

capabilities. Basiclly Xbee devices is used  for wireless communication with low 
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Power consumption , it operates on 3.6V and 600mA and 1mile range using UART 

interface. 

 

Xbee Configuration 
Setting up the Xbee has certain steps for point to point network with pair of Xbees. 

Starting the configuration by the following: 

- Obtaining the Xbee starter kit which includes two Xbee modules, XBee USB 
dongle and XBee Shield.  

- Instal X-CTU tool from Digi site that configure the Xbee sittings 

- Connect one of the Xbees and program them as Coordinator which is 
connected to the PC and the other Xbee connect it afterward and program it as 

the Endpoint device which is Router setting, in order to do following, this 

steps must be followed precisely: 

i. Plug the Xbee into the Xbee USB Dongle 

ii. Plug the Xbee Dongle int the Computer 
iii. Open the X-CTU configuration tool and select the correct serial 

port for the Xbee USB Dongle. 

 

 

 
iv. Click on the Test/Query button on X-CTU which will attempt 

to connect to the Xbee and display the current firmware and 

you will see the figure below: 
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v. In case it did not connect the below figure will display, either 

reset the program or check the port of the XBee Bangle. 
 

 
 

vi. Set the Xbee as the coordinator module by navigating to 

Modem Configuration tab in X-CTU and clicking Write. 

vii. Click Read to retrieve the configuration of the device and get 

the Serial number and take note of the SH( Source Address 

High) and SL (Source Address Low) to set it to the other Xbee 
Module device which is t he Router . 

viii. Now the other Xbee module is connected and click on the Modem 

Configuration Tab and configure it as Router and press Write. 
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ix. Once this XBee is programmed, press Read to get the 

configuration. To tell this XBee which Coordinator to connect 
to, we need to give it the address. We do that by setting the DH 

- Destination Address High and DL - Destination Address 

Low with the serial number we took from the Coordinator. Put 

this information in and then press Write to write this new 

configuration to the XBee. 
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Testing Xbee 
To test the Xbee the following steps must be taken: 

- Connect the Xbee coordinator to the Xbee USB Dongle 

- Connect the Xbee router to the Xbee shield 

- Connect the Arduino to the computer 

- Write the code below in the  on the Arduino IDE on Arduino memory which 
the Xbee Shield and Xbee  Router Module : 

 

void setup() 

{ 

  Serial.begin(9600); 
} 

 

void loop() 

{ 

  Serial.println("Hello XBee Network!"); 

  delay(1000); 

} 

 

- Connect the Xbee USB dongle to the computer and open the X-CTU and then 
Terminal Tab.  

- Open the Arduino IDE and open the Serial Port monitor to find figure as the 
below: 

 

 

 

 
 

 

 

 

 

 

 
 

 

- Connection, configuration and Testing are complete. 
 

 

 

 

 

 
 

 

 



107 

 

 

 

AttoPilot Voltage and Current Sense Breakout - 45A 

 
This sensor is small PCB that measures the voltage and current for DC input. The DC 

current is measured through the voltage drop across a parir of parallel shunt resistor, 

followed by converting it to voltage ouput scaled by 3.3V ADC resistor divider. This 

sensor can be soldered with 12 AWG heavy duty leads to smaller gauge leads 

applications. 

 

It has Dimension of 4x15x19mm , featured by its self 
powered, input resistor divider scaled for 13.6V input 

voltage, it can tolerates 51.8V Max and 44.7A Max, it 

converts it to analog current ouput scaled for 3.3V ADC. 

 

 

 

Physical Connections: 
------------------------- 

Arduino  | Peripherals 

-------- | -------------- 

Pin A0 --- AttoPilot "V" 

Pin A1 --- AttoPilot "I" 

GND ------ AttoPilot "GND" 
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#include <NewSoftSerial.h> 

 

int VRaw; //This will store our raw ADC data 

int IRaw; 
float VFinal; //This will store the converted data 

float IFinal; 

 

void setup() { 

 

 

Serial.begin(9600); 
 

} 

 

void loop() {    

  //Measurement 

  VRaw = analogRead(A0); 

  IRaw = analogRead(A1); 
 

  //Conversion 

  VFinal = VRaw/49.44; //45 Amp board 

  //VFinal = VRaw/12.99; //90 Amp board 

  //VFinal = VRaw/12.99; //180 Amp board   

   

  IFinal = IRaw/14.9; //45 Amp board 
  //IFinal = IRaw/7.4; //90 Amp board 

  //IFinal = IRaw/3.7; //180 Amp board 

 

     

  Serial.print(VFinal); 

  Serial.println("   Volts"); 
  Serial.print(IFinal); 

  Serial.println("   Amps"); 

  Serial.println(""); 

  Serial.println(""); 

  delay(200); 

  } 
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Battery Testing: 

 
A) Test Battery Voltage 

Using the voltmeter through the battery terminals, it will give the voltage 

status of the battery. Since we have 12V battery, if the battery is around 10V 

then its almost empty but if it’s more than 13V then its full, the table below 

illustrates the state of charge parameters. 

 

 
 

Below is the connection of the battery with the internal resistor, on these two 

terminals, the voltammeter shall be connected to. 

 

 
 

 

 

 

  

Ri 
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B) Current Battery Test 

To measure the battery curruent drawn by the load, a ammeter shall be 
connected in parallel to the load to measure the current drawn per hour, below 

is the connection of the battery and its internal resistor in parallel to the load 

resistance. 

 

 
 

  
 

     
 

         
Where; 

  : Internal resistance  

  : Load resistance  

  : Load power 

 

 
 

C) Battery Capacity Test 

The load connected has power of 60watts, and battery is 12volts system, hence 

Current = 60 watts /12 volts = 5 Amps 

The battery in use has approximate 70Ah , hence 70Ah/5A = 14hours 

The battery capacity can with stand the load 14hours if it’s on state of full 

charge. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Ri RL 
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MCU Testing: 

 

 
The following test is to check microcontroller using LED. The LED going to be 

connected along with a resistor, the 5V power pin on the Arduino will be connected to 

the supply side on the breadboard, and the ground pin on the Arduino to the ground 

side on the circuit. The second end of the resistor to pin 2 on the Arduino board. The 

circuit diagram is as follow:  

     

To test whether the LED works, temporarily disconnect the wire from pin 2 on the 

Arduino board and touch to the 5V power bus. The LED should light up. If not, try 

changing the orientation of the LED. Place the wire back in pin 2. On the LED, 

current runs from the anode  (+) to the  cathode (-) which is marked by the notch. 

Create and run this  Arduino software2.After running this program the Led should 

blink for a second. Then Push the Arduino reset button to run the program again. 

void setup() 

{ 

 pinMode(2,OUTPUT); 

digitalWrite(2,HIGH); 

delay(1000); 

digitalWrite(2,LOW); 

} 

void loop() 

{} 
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6.8. Connection  

Standalone Circuits: 

- Solar Panel Circuit: 

 

 

 

Description: 

The Solar Panels was 100Watts each with 12V, these two panels were connected in 

parallel for summing the current drawn by the two panels. Due to this connection 

causes the current to increase, hence charge the battery faster. 
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- Load and Dump load circuit : 

 

 

 

 

 

 

Description: 

 

The load based on the design is street light, for illustration in this project, three 

parallel connected light bulbs with 35Watts was used. 
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- Autopilot sensor Circuit: 
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Description: 

 

The PCB delivered was soldered to 12AWG wire, the PCB has two side 

written on its back, Vin = Voltage in and Vout= Voltage out.  This PCB is 

used to measure current and voltage for maximum voltage of 36v and 

maximum current of 45A. The technique of measuring the voltage was the 

voltage divider circuit for 3.3v scale and current measuring technique was 

used through a buffer to prevent current to be drawn, yet measure the current 

through a shunt resistor.  

- Battery State of charge circuit: 

 

 

 

 

 

 

Description: 

Above circuit is the basic circuit to measure the current battery state of charge, the 

sensor is connected in parallel to measure the right voltage of the rechargeable 

battery, additionally, a resistor was needed to be taken in consideration, to avoid the 

sensor to read the voltage and current of the power supply. 

 

 

Diesel Generator: 

Below is the connection picture, connectivity test between terminals is needed. 

 

 

 

 

 

 

Rechargeable 

Battery 
Sensor 

R: Load 

Power Supply 

2 

1 

3 

4 

5 
C 

C 

NO NO 

D1 

D2 
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Overall Connection 
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6.9. Equipment pre-skills required 

 

 

      A certain precautions need to be taken dealing with hybrid solar wind diesel 

power generation system and skills required for efficient use of the equipment. This 

skills starts with knowledge of how to connect the Xbee and program it to 

communicate with the other Xbee module connected the monitoring station, 

therefore, configuration of the Xbee and programing skills is required. Furthermore, 

the use of many electrical and electronics components, requires a knowledge of basic 

wiring and connections skills to avoid damaging the components. Hence, a certain 

level of precautions needs to be taken to avoid unwanted results and safety of the 

team members. 

 

      Wind turbine safety is a most since it includes working at heights, fire accidents, 

working with high voltages and hazardous weather, therefore, to avoid lightning 

strikes a good electrical grounding is the foundation in which it will guard the blades, 

electronics and transformer from getting damaged, additionally a monitor system for  

weather is used to avoid maintenance in hazardous weather. Moreover, a climb 

assists and service lifts are the solution to working with heights. 

 

       Most common errors happen with solar panels are not taking the polarity of the 

panel and the batteries in consideration, short circuit the batteries or the panel and not 

to cover the front of the solar panel to avoid shocks. Therefore it is important to take 

these errors in consideration while installing the solar panels. Additionally, a DC 

circuit must be installed to isolate the PV panels from the inverter which works as 

protection device. 
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       Charge controller is the main gateway between all the components, therefore, it's 

very important to be precaution during installing and operating it, avoid self-repair as 

it might causes electric shock by not dismantling all the wires or re-assembling the 

device itself. It's important to maintain the peak voltage and current the charge 

controller can hold to avoid overheating and fire breaks. Therefore, while 

constructing and designing a charge controller, make sure it has high temperature 

protection, reverse connection protection, automatic short-circuit current/voltage 

protection for the load via using fuse, over voltage protection and not to connect the 

PV panel before connecting the batteries. 

 

         Dump load is a protection device that helps the system to work safely and 

prevent the system from overheating the main components which lead them to 

distortion. It should be take in consideration that the dump load should be chosen 

based on its ability to dump the maximum current of hybrid system, and not draw 

current more than charge controller can handle. Thus, the precaution is to have a low 

resistance and high power rating wattage to tolerate working in high temperature and 

open areas. For better result, more resistors must be connected in parallel to dump 

more currents. 

 

         Battery is the main power supply that feed the AC/DC loads which should be 

protected from any damage that can destroy it; it should be always in full state of 

charge situation and not deep cycled more than 20%. For precaution and prolonging 

the battery life span, it should be charge every 6 months till the cell reaches 2.10 V. 

Batteries contains a flammable hydrogen gas released from reaction of current and 

plates dipped in the sulphuric; while charging users must avoid lightning and 

creating any spark near to it. In addition, battery should be charged if it the water was 

in its maximum level to help decreasing the dangers level of hydrogen.  
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6.10.  Project Cost 

 

The lack of the availability of equipment in the local store or quality of it, urged the 

team for online shipment order from qualified companies, below is the items 

requested with cost of each part: 

  

Item Price 
Quantit

y 

Store 

location 

Store 

name  

SOLDER WIRE 

100G 1MM 
3.88$ 1 

LOCAL 

KUWAIT 

AL-QAMAR 

AL-AWAL 

0026-

SOLDERING 
IRDON 200W 

10.58$ 1 
LOCAL 

KUWAIT  

AL-QAMAR 

AL-AWAL 

0513-ROUND 
WIRE 3-CORE 

1.5MM 

19.75$ 16 
LOCAL 

KUWAIT  

AL-QAMAR 

AL-AWAL 

HEAT SLEEVE 

15MM BLACK 

PER METER 

16.93$ 12 
LOCAL 

KUWAIT  

AL-QAMAR 

AL-AWAL 

CABLE TIE 

BLACK 

100*2.5B 

1.41$ 1 
LOCAL 

KUWAIT  

AL-QAMAR 

AL-AWAL 

PHILIPS BULB 
12V-35W BA 

5.3$ 3 
LOCAL 
KUWAIT  

AL-QAMAR 
AL-AWAL 

STRANDED 

WIRE 2.5MM 90  
8.81$ 10 

LOCAL 

KUWAIT  

AL-QAMAR 

AL-AWAL 

CUTTER 

SANTUS ST-

50C6 

5.3$ 1 
LOCAL 

KUWAIT  

AL-QAMAR 

AL-AWAL 

C401-ELECTRIC 

CONECTOR 
0.88$ 1 

LOCAL 

KUWAIT  

AL-QAMAR 

AL-AWAL 

OPTIMA RBD 

TOD 
256.91$ 1 

LOCAL 

KUWAIT  
ALBISHER 

MISOL WIND 

CHARGE 
CONTROLLER 

159.99 

$ 
1 

INTERNATION

AL / USA 

MISO 

ELECTIC / 
AMAZON 
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ATTOPILOT 

VOLTAGE AND 

CURRENT 

SENSE 
BREAKOUT  

59.85$ 3 
INTERNATION

AL / USA 
AMAZON 

SOLAR PANEL 479.98$ 2 
INTERNATION

AL / USA 
AMAZON 

PCB 7x9CM 

W/HOLES 
7.93$ 3 

LOCAL-

KUWAIT 

RTC 

ELECTRONI

CS Co. 

PCB BOARD 

18CMX15CM 

W/HOLE 

5.3$ 1 
LOCAL 

KUWAIT 

RTC 

ELECTRONI

CS Co. 

SOLDER PASTE 

30G 
3.53$ 1 

LOCAL 

KUWAIT 

RTC 

ELECTRONI
CS Co 

SOLDERING 

WIRE 0.6MM 

LEAD FREE 

14.99$ 1 
LOCAL 

KUWAIT 

RTC 

ELECTRONI

CS Co 

PCB 7x9CM 

W/HOLES 
13.22$ 5 

LOCAL 

KUWAIT 

RTC 

ELECTRONI

CS Co 

MISCELLANEO

US 
1.06$ 2 

LOCAL 

KUWAIT 

Co-Op 

Mishref 

MOULTI CORE 

CABLE  
3.29$ 17 

LOCAL  

KUWAIT 

Co-Op 

Mishref 

SOLDERING 

IRON 30W/220V 
12.35$ 1 

LOCAL 

KUWAIT 

RTC 
ELECTRONI

CS Co 

Subaru RGX3600 1861.94 1 
LOCAL  

KUWAIT 
 

Wind Turbine $453.47 1  Amazon 

Power Inverter 

400watts 
$30.90 1  Amazon 

Wind sensor arm  100.55$  
LOCAL  

KUWAIT 

Safapher 

market 

Solar Panel stands 176.36$  
LOCAL 

KUWAIT 

Safapher 

market 

Mechanical 

Tower 
529.11$  

LOCAL 

KUWAIT 

Safapher 

market 
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Inverter 

maintenance 
28.21$  

LOCAL 

KUWAIT 
Qamar Alawal 

Engine 

replacement fuse 
3.53$  

LOCAL 

KUWAIT 
 

Engine 

replacement fuse  
5.5$ 10 LOCAL SAUDI Alfalak Store 

Frequency to 
voltage converter 

2$ 1 LOCAL SAUDI Alfalak Store 

Wind Turbine 

Shipment  

271.093

$ 
  Posta Plus 

Solar Panels 

Shipment 
211.64$    

Inverter and 

charge controller 

shipment 

52.95$   Posta Plus 

Autopilot Sensors 

Shipment 
17.63$   Posta Plus 

Transfer money 

fees 
153.32$   Speed Cash 

Tower portable 
foundation 

52.70$   
Co – Op. 
Mishref 

Total  4855.773$ = 18209.14875SAR 

 

 

Research paper - Conference Travel Expenses 

Conference Registration $575.862 

Flights Ticket $2,271.9 

Accommodation  $799.071 

Total    $3,646.833 
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Chapter Three 
 

Head Lines: 

General Task Distribution Table  

Time Line Task Distribution 
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7. General task Distribution Table 

 

 

 

 

 

 TASKS TASK LEAD 

1 History and Background Researches 

1.1 Wind and Solar Research  Noor 

1.2 Power Electronic Research  Noor 

1.3 Charge Controller Noor 

1.4 Microcontroller Research Samahir 

1.5 Dump Load Research Samahir 

1.6 Battery Research  Samahir 

1.7 Diesel Engine Research Samahir 

2 Hardware and Software Design 

2.1 Circuit Design and Block Diagram Noor 

2.2 Mechanical Design Noor 

2.3 Testing and Verification Samahir & Noor 

2.4 Software dataflow Samahir 

2.5 Simulation Samahir 

3 Budget  

3.1 Buy List Development Noor 

3.2 Cost Estimation  Noor 

3.3 Order “Buy List” Placement Samahir 

4 Media 

4.1 Social Media Articles and poster Samahir 

4.2 Video Noor 

5 Documentation 

5.1 Final Report Document  Samahir & Noor 

5.2 Meeting Agenda and Minuites  Samahir & Noor 

5.3 Final Oral Presentation Samahir & Noor 
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8. Timeline task distribution 

 

 

 

Hybrid Solar and Wind Power Generation System 

System Description 

  Task Battery Solar Panel Wind Turbine Charge Controller  Dump Load Diesel Engine 

Simulation (Simulink) 28-Feb-13 23-Feb-13 24-Feb-13 25-Feb-13 23-Feb-13 23-Feb-13 

Matalb Coding 17-March-13 13-March-13 13-March-13 20-March-13 13-March-13 13-March-13 

Procurement  3-Jan-13 10-Jan-13 5-Feb-13 5-Feb-13 2-Jan-13 11-April-13 

Construction 29-Feb-13 26-Feb-13 26-Feb-13 26-Feb-13 26-March-13 26-March-13 

Connection 1-March-13 1-March-13 1-April-13 1-April-13 1-April-13 1-April-13 

Testing 9-May-13 9-May-13 9-May-13 9-May-13 9-May-13 9-May-13 

Results  28-April-13 28-April-13 28-April-13 28-April-13 28-April-13 28-April-13 

  

Report 

 

Control Algorithms 

20
th

 of February, 2013 – 

Submit a proposal report for 

MOHE fourth competitive 

scientific conference 

 

 

30
th

 of April, 2013 – Submit 

a research paper in IEEE 

format for TAEECE2013 

International Conference in 

Turkey. 

Risk Assessment 1-May Software Design 2-March-13 

Feasibility Study 5-Feb Software Code Arduino 25-April-13 

Simulation 21-April Results and Verifications 

Project cost 10-May Plans for testing 5-April-13 

Future Enhancement 29-April Simulation Results 28-March-13 

Project Limitation 29-April System Modeling 

Conclusion 3-May Mechanical Design 6-Feb-13 

  
Implementation  

  
Connection  11-April-13 

Dates above is the Due Date for the tasks assigned 
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Chapter Four 
 

Head Lines: 

Risk Assessment and Troubleshooting System  
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9. Risk Assessment 
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Description: 

 

Hence, the Troubleshoot software system design illustrated in the above figure has 

the unique ability to figure where the problem is and try to report it for further less 

maintenance cost and workers efforts to identify the problem. Designing the software 

required a risk assessment to be able to program it to solve the problems expected. In 

this case, this research identified six cases of expected problems; Case#1 where the 

microcontroller battery started using the backup battery attached, Case#2 when the 

wind speed readings doesn’t match the voltage and current sensor readings for the 

wind turbine, Case#3 when the light intensity readings doesn’t match with the 

voltage and current readings for the solar panel, Case#4 when the light intensity 

readings doesn’t match with the voltage and current readings for the solar panel and 

when the wind speed readings doesn’t match the voltage and current sensor readings 

for the wind turbine, Case#5 when the fuel level for the diesel engine is running out 

of the storage tank, Case#6 when the light intensity readings doesn’t match with the 

voltage and current readings for the solar panel, and when the wind speed readings 

doesn’t match the voltage and current sensor readings for the wind turbine, and when 

the fuel level for the diesel engine is running out of the storage tank. 

 

Accordingly, in each case the system will react differently, as when case#1 is on, the 

microcontroller will switch to the back-up battery and report to the monitoring 

station that the microcontroller primary battery ran out of voltage. Additionally, in 

case#2, case#3 and case#4, the system will report the disconnect situation of the 

power supply to the monitoring station and presume its work on the other power 

supply sources. Also, in case#5the system will report the lack of fuel at 10%. At the 

end, case#6 the system will be off.  
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Chapter Five 
 

Head Lines: 

Additional and Future Enhancement 

Project Limitation 

Conclusion 

References 

Appendix 
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10. Additional and Future Enhancement  

In the future, our plan is to develop the control for this power generation system 

using a PLC: programmable logical controller, and make it user friendly with 

interfacing through a HMI: Human Machine Interface software that can help to 

detect errors with graphical representation and easy to troubleshoot and to 

diagnose the problem with one click.  Voice recognition might be added to give 

additional command through Xbee. This project started initially on existing idea 

with creativity by adding more features, and shall end up with lot of possibilities 

for more development and future enhancements.  

 

 

 

 

11. Project Limitations: 

There were limitations regarding financial funds which lead to compromising 

certain features of the project to stay within the budget limitations. An important 

note is the project location, as the feasibility study shows there was a lack of 

wind; hence the solar panels were the only main renewable source. Additionally, 

the university labs lacked the availability of certain software and what was 

available was out of date and needed to be updated and maintain its labs. 

 

 

 

 

 

 

 

 

12.  Conclusion 
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     Hybrid power generation system project will be considered one of the biggest 

and important achievements in Middle East due to the need of this project to help 

the country to go green with clean energy as KSA & KUWAIT rich in renewable 

energy sources. This hybrid system is a unique system in design, construction, 

troubleshooting with many advantages such as high degree of accuracy and low 

cost. 

      This project is a small model for a hybrid system; therefore a critical load was 

chosen to be 12 Voltage Direct Current (VDC) with power of 70 Watts (W). The 

load is meant to work for 12 hours, hence 840 Watt hour per day (Wh/day). 

Through the use of (1), the solar power input needed was calculated to be 196 

watts on 6 hours sun peak time and 1.4 efficiency rate.  

[ (Wh/day) ÷ (Sun Peak Hours) ] ÷ Efficiency = Power needed to be supplied (1)

     

     Using (2) to calculate the capacity of the battery Ah, it was found to be 249.5 

Amp hour (Ah), while the load assigned consumes 5.8 Ampere (A), hence the full 

state of charge battery can last for forty three hours approximately. 

Ah = [[[[ 
  

            
                                               

                                          (2) 

 

     However, due to the project's financial limitations, only 50 (Ah) battery was 

funded resulting an estimation that a fully charged battery would be drained 

without charging in 17 hours. Moreover with the current system of 200 (W) solar 

power input and 400 (W) wind power input, the ideal situation where 600 (w) will 

charge the 50 (Ah)  battery within one hour based on using (3) with efficiency of 

1.2. 

Ah Capacity ÷ ((Power X Efficiency) ÷ Voltage) = estimated time to reach fully 

charged battery state    (3) 
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However, the actual situation is different as the location selected does not 

produce wind power expected during the  winter seasons and solar panels work 

efficiently in all seasons. This concludes that the actual estimated time for charging 

the battery in the summer would be two hours and half approximately and one hour 

and half in the winter. 

As a result, the solar panels provide approximately 12.4 (A) and the wind 

turbine is not working on the selected location. The load draws 5.8 (A) from the 50 

(Ah) battery capacity. In referring to Fig. 6, in this project the battery is charged 

only during the day light hours through solar panels which will take only two hours 

to fully charge it. On the other hand, the load only works at night after the battery 

is fully charged during the morning leading it to drain in about eight hours. Since 

the load works for twelve hours and the wind is not providing any power, the 

microcontroller will switch the engine to charge the battery for four hours. In 

conclusion, the project has reduced the use of diesel engine to 33% percent of use 

per day. 

Furthermore, the total power calculated from the solar approximately equals to 

626.4 (W) in total, while the battery uses only 598.56 (W) to fully charge the 

battery. Therefore, 27.74 (W) is delivered to the dump load. Additionally, since the 

solar panels power is the only source that provides power most of the year, then the  
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Figure 6. Power delivered by the solar with the power 

consumed by the load. 
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estimated time to fully charge the battery  was calculated by using (3) two hours 

and half. However, an actual estimation based on the project readings was 8 hours 

to be on full state of charge by 2:00pm, the battery will be in a state of full charge. 

Hence, the rest of the hours till sunset, the power will be shifted to the dump load. 

  

Moreover, the maintenance troubleshooting program was designed to maintain a 

power supply source for a critical load. Therefore, when the diesel runs out of fuel, 

the load will shut down resulting to loss of 33% of the load use. Since the load is 

critical, 33% loss of power per day is not acceptable at all; therefore continuous 

monitoring is needed. In another case of troubleshooting is the solar power is 

disconnected from charging the battery even thought the light intensity readings is 

high, in this case the battery will lose its main source of power, as it charges the 

66% of the battery capacity, which means a loss of 626.4 (W). The loss of this 

connection will lead the diesel to maintain a battery charging mode until the 

connection is fixed. In case there was no troubleshooting program, it will consume 

the fuel in the diesel tank for a long period of time until maintenance accrues. 

Hence, since the load will consume the fuel faster in the diesel engine, the system 

will require more maintenance. But maintaining the connection in the project, will 

lead to a sufficient working system, without the need of continuous maintenance. 

 

On the other hand, following figure is a simulation using Simulink regarding 

expected outcomes from the system. The load is represented by the pink line, the 

solar power is graphed in red line, wind power is graphed in green, the diesel 

power is displayed in brown, the battery's state of charge is represented by blue 

line and the total output power is yellow. Hence, it clearly illustrates that it was 

expected that the diesel engine will not need to work and will only need to do so in 

critical backup cases; meaning it was expected that the solar and wind power will 

work sufficiently to cover up the load needs. 
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However, in Fig. , the simulation of actual results was different than expected as 

the wind power was not available at all and there was a need to switch on the diesel 

engine for 33% of the time. in the end. However, the solar panels are the main source 

of recharge and the diesel engine worked only as a secondary source of recharge not 

as a backup supply source as expected. 
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14. Appendix 

 

Weekly Agenda   CD1 

Weekly Minutes  CD1 

Weekly Reports   CD1 


