AlN SHAMS UNIVERSITY

Ain shams University
Faculty of Engineering, Cairo, Egypt
Department of Electronic and Communication Engineering

Design of Photovoltaic Tracking Systems

by

Mai Salaheldin Elsherbiny Elsayed
A Thesis Submitted in Partial Fulfilment of the
Requirements for the Degree of
Master of Science

In Electrical Engineering at
Faculty of Engineering — Ain Shams University Supervised by
Prof. Dr. Wagdy Refaat Anis
Professor in the Electronics and Communications Engineering Department Faculty of
Engineering — Ain Shams University
Prof. Dr. Ismail Mohamed Hafez
Professor in the Electronics and Communications Engineering Department Faculty of
Engineering — Ain Shams University Cairo

2017



AlN SH ﬂl.l;hl'l'ﬁ LN Eﬂ SITY

Ain Shams University
Faculty of Engineering, Cairo, Egypt
Department of Electronic and Communication Engineering
Name: Mai Salaheldin Elsherbiny Elsayed
Thesis: Design of Photovoltaic Tracking Systems

Degree: Master of Science in Electrical Engineering
Examiners Committee
Title, Name and Affiliation Signature
Prof. Abdel moneim mohamed € mahdy ismail .,
Professor at the institute of remote sensing

Prof. Abdelhalim zekry
Ain Shams University, Faculty of Engineering,
Electronic and Communication Engineering Dept.

Prof. Wagdy Refaat Anis
Ain Shams University, Faculty of Engineering,
Electronic and Communication Engineering Dept.

Prof. Ismail Mohamed Hafez
Ain Shams University, Faculty of Engineering,
Electronic and Communication Engineering Dept.



STATEMENT

Thisthesis is submitted as partial fulfilment of M.Sc. degree in Electrical Engineering
(Electronics and Communication Engineering), Faculty of Engineering, Ain Shams
University.The author carried out the work included in this thesis and no part of it has
been submitted for a degree or qualification at any scientific entity.

Name: Mai Salaheldin Elsherbiny Elsayed

Signature:

Date:



ABSTRACT

Automatic Solar Tracking is mainly utilized to maximize the efficiency of the output
of the solar panel. Also, the main function of it is to follow the solar radiation at any
time in any day taking into consideration that the panel is always perpendicular to the
solar radiation.

Since the motion plane of the sun is varying everyday as the sun shines at a different
angle each day and also al over the day because it goes from east direction to west
direction, so a dual-axis tracker is used to track the sun in the vertical and horizontal
motion .unlike the single axis tracking which follow only the sun's east-west motion.
However, the efficiency of the dual solar tracker is much higher than single tracker
and fixed one, it is considered more complex and higher in cost than the other two
designs; one needs a compromise between cost, complexity, and maximum collected
power so a single axis tracker will be the applicable solution. And this thesis is to
provide a solution of ( dual and single axis) automatic tracking systems.

Keywords: Photovoltaic, Solar Tracking, Automatic tracking systems, Maximum
effeciency ,Solar radiation.

Paper Publication: Research Paper has been published in the International Journal of
Scientific & Technology Research with Paper title “Design of Single-Axis and Dual-
Axis Solar Tracking Systems protected against High Wind Speeds’, on 15th
September 2017.
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SUMMARY

This thesis discuss a vital product of Solar Electric technologies which is Solar panels and
moreover the Solar tracker for enhancing the efficiency of the electrical output which is used
in many applications in our lives as a clean source of energy instead of conventional sources
of energy.

Chapter One: This chapter discusses short introduction about some types of renewable
energy sources, use of solar energy to solve the energy problem, measuring the intensity of
solar radiation on earth surface and their related angles. Also, discusses short introduction
about solar cells, the different materials used in the manufacture of solar cells, PV systems
and some of its applications.

Chapter Two: This chapter discusses types of solar PV systems such as. Fixed systems,
Automatic Tracking systems (One Axis Automatic Tracking and Two Axis Automatic
Tracking) and review about automatic tracking systems designed before.

Chapter Three: This chapter shows the implementation of a prototype of a Dual-axis
tracker with wind sensor to overcome high wind speeds in order to save the panels and also,
the implementation of a prototype of a single-axis tracker.

Chapter Four: This chapter shows results for this research point.

Chapter Five: This chapter shows conclusion and future work recommendations for this
research point.

Last Part: it shows appendix and references for thisthesis.
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CHAPTER 1: INTRODUCTION

1.1 Introduction

One of the main problems in our modern era is the conventional energy as it's
resources is going to be vanished by the time because of the overuse and also it affects
the environment badly. So the use of a clean renewable source of energy became an
urgent solution to save our world and to prevent our conventional energy resources
from vanishing. one of the cleanest and reliable renewable source of energy is solar
power also it is used in several applications. PV panels are used to convert the solar
radiation to electric energy that powers our homes, business and could be connected to
the grid. PV panels use trackers inorder to increase the collected solar energy by
decreasing the angle between the panel and the solar rays[1].

1.2 Solar energy

Solar energy means converting the power collected from the sun to another power
whether electric, motion or any type of energy. Also, it is renewable cause it will exist
as long as the sun exists and it is predicted to be another 4.5 billion years. In the old
days, solar energy usage was only for drying anything and heating by direct contact.
In modern days, solar energy wasn't used that much cause it was an expensive and
irreliable source of energy. By modification and advancements, solar technology is
moving forward and became an aternate solution to conventional energy nowadays.
In these days, solar energy is produced primarily by using of photovoltaic solar
cells.This is how it works, the rays of the sun strike the panel which is placed
perpendicular to sun rays and when the sun hits the solar cell causes a chemical
reaction that creates an electric current that turns into electricity but the efficiency of
the cellsis approximately 15 %.

There are two types of solar energy which are passive solar and active solar. They are
discussed as below :

* The passive solar systems involves capturing the sun power by using windows,
tanks and so on. It doesn't contain any tracking system aso doesn't contain any
mechanical system. Some examples of passive systems can be used in heating homes,
water and things.

* The active solar systems are complex and expensive than passive systems cause
they contain solar panels in their systems. Also, the panels are directed in order to
increase the exposure to the sun, then the panels will perform its function and convert
the sunrays into electricity ,then this electricity will be transformed from direct current
to aternate current and stored in batteries to be used later or fid into the grid system of
the local utility.

Solar energy has many pros over the other renewable energies. It is a clean source of
energy and environmentally friendly, also it doesn't need a lot of maintenance. In a
majority of places around the world, Solar energy can be sold to the local utilities per



a concept defined as net metering which will reduce the need to store the energy in
batteries and also cuts utility bills.

Unluckily, Solar energy has some cons as well.The initia cost will be taken into
consideration as the cost of purchasing and installation may be expensive according to
the system and area used [2]. Second, There is a big issue here, as there are areas in
which the daytime is a short period. Third, solar energy can't be collected at night time
cause there is no light. In spite of al of these problems. Solar energy is widespread
and booming renewable energy source.

Finally, figure (1.1) shows the largest producers of solar energy are China, Germany,
Japan and the United States. the circular graph below shows Global Solar Market
installation at 2017.

China BUSA lagan MW RoW ®Europe India

Figure 1.1 Global Solar Market installation at 2017 [2].

1.3 Solar radiation

The sun is the most important source of energy on the earth. Also, it determines the
thermal conditions of any site in the world. It is very important to know the earth's
relationship to the sun, estimation of solar radiation intensity and to know solar
radiation equations. In order to design the tracking systems, thermal effects of solar
radiation need to be known, so we can use and control them.

Figure (1.2) represents solar constant Gs (=1.35 KWh m?) [3] is the energy from the
sun, per unit time, received on a unit area of the surface perpendicular to the direction
of propagation of the radiation, a a mean earth-sun distance, outside of the
atmosphere.
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Figure 1.2. Sun-Earth Relationships|[3].

Radiation: The radiation is the transferred energy by the mean of electromagnetic
waves. The electromagnetic waves travel at the speed of light taking into
consideration that the velocity of light in a vacuum is approximate equals to 3 x
10° m/s. The light takes about 8 minutes and 20 seconds to travel from the sun and
reach earth. Heat can travel through empty space by mean of electromagnetic
radiation. Also, it isimportant to know that even at temperature of absolute zero (-
273.15° C) matter should radiate energy.

The wavelength of radiation can define the type of radiation. Also it the
electromagnetic radiation can vary widely[4] as shown in figure (1.3).

Appraximates Wavelength in beters
([RAST RCER T ELRE TV T T T ] Solar Radiation Spectrum

Bamima . LlEra IHIHIIILIJ =

et
2
= |
pu |
L
8
B
2

g4 07 1p 15 oo 1 10
039 045 050 055 o060 065 070 A7D

Weavedengtn (micrometers) Wavelergth {mekers)
Micrometers

100

Figurel.3. Wavelength meters and solar radiation spectrum [4].

Irradiance: The measuring unit of irradiance is W/m?, it is symbolized by G. We can
define it by the average radiating energy that is incident on a surface per unit area.

Irradiation: The measuring unit of irradiation is Jm? it is calculated by the
integration of irradiance over a particular time, maybe a day or an hour. Also, we can
define it asthe incident energy per unit area on a surface.




