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Abstract

Continuous growth in the increase of energy consumption
in the world has triggered the issue of energy demand. This has
led to a shift towards renewable energy sources. Solar energy is
one of the renewable energy sources that will be a leading
renewable energy source for electricity generation in the future.
Generation of electricity through solar power plant is clean,
environment-friendly and reliable. This study is done to evaluate
the feasibility of grid connected and off grid connected solar
power plants for the vicinity of Faculty of Engineering /Al-
Muthanna university , Irag. This study presents a comparative
economic analysis of electricity generation using photovoltaic
(PV) cells and conventional gas turbines. The generation cost
per KWh was estimated for the two systems. The energy
generated by PV cells was estimated using weather data for Al-
Muthanna province/lrag. A sensitivity analysis was carried out
on some factors: installation capital cost, conversion efficiency
and discount rate. This system has been proposed to provide the
Faculty of Engineering with solar energy through the
photoelectric system for a period of one hour (8: 30 - 2:30) at a
cost of( 0.02$) kilowatt hour, which is a low cost compared to

the closest alternatives such as fuel-consuming generators,

which have a cost( 0.05%) kilowatt hour. This system does not

cause any pollution to the environment.
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CHAPTER ONE
INTRODUCTION




1.1. Introduction

The sun is an important source of alternative and clean energy

since the energy density received from the sun about (1 kW/m?) at sea

level. The process of generating electricity by solar energy does not need
fuel, the costs of maintenance of the solar system is low, produce no
pollution and no noise. Iraq is located in Asia in the southwestern part
surrounded by the north of Turkey, from the south of Saudi Arabia and
Kuwait, from the east of Iran and from the west surrounded by Saudi
Arabia, Syria and Jordan. Iraq lies between latitudes 29°5° and 37°22°
north, and between longitudes 38°45° east and 48°45°. Iraq has a very
distinguish location near the solar belt countries enables the country to
receive a high quantity of solar radiation up to (6.5-7) kilowatt-hours/m?.
Sun brightness ranges from 2,800 to 3,300 hours per year. The highest
actual brightness of the sun is in June at 11.4 hours/day, and the lowest
brightness in January by 6.3 hours / day [1].

This study was initiated by the concern that fossil fuels are limited
resources that will run out sometime in the future depending on how fast
we use them. Known world reserves of oil and gas will run out in a little
over 40 years at the current rate of consumption. Although new
discoveries are still being made, these have not been sufficient to make up
for the rate of depletion of the known reserves. The world, however,
needs a smooth transition period to shift from oil to alternative sources of
energy. The solar photovoltaic (PV) cell is by far the most ideal energy
conversion system. It is a device that harnesses the most abundant source
of energy, solar radiation. silicon, the second most abundant element
(after oxygen) in the earth’s crust. It has no moving parts and its output is
electricity, the most useful of all forms of energy.




The solar photovoltaic technology has now reached to its
commercial acceptance and requires a minimal attention of manpower for
its operation and nominal costs are associated for its maintenance. The
PV farms are easy to build and require a relatively shorter time for its
realization. The only requirement for PV farm development is the proper
and accurate solar resource assessment either by conducting the
meteorological measurements or using the data from existing historical
meteorological stations. The PV technology is being used globally in
many countries for power generation. The global PV cumulative installed
capacity reached to 229.3 GWp, an addition of 50.909 GWp (an increase
of 29%) in 2015 compared to that in 2014, as shown in Fig. 1[2]. In
previous years 2012, 2013, and 2014, the annual increase was 43%, 38%,
and 28%. Based on national contribution towards PV installation, China
remained on top in 2015 with cumulative installed capacity of 43.5 GWp,
as shown in Fig. 2 [2]. Germany, Japan, and USA remained at second,

third and fourth places with total installed capacities of 39.7, 34.4, and

25.5 GWp while Italy stood at number five with total installed capacity of

18.9 GWp. This study presents a technoeconomic investigation of
installed capacity of standalone PV power plants at Al-Muthanna
university in Al-Muthanna province/ Irag. In order to comparison with
conventional stations. The metrological data was used to achieve the set
objective. The financial analysis is conducted for this site using life cycle
cost analysis (LCCA).
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1.2. Significance of the Work

One of the most significant effects of the past 40 years in Iraq is the
deterioration of the electrical grid and the lack of equipment. Until 2017,
the Ministry of Electricity has been unable to equip citizens with
electricity more than 12 hours a day in most parts of the country. This

sharp imbalance between supply and demand in the processing of electric




power caused the transfer of Iraqgi citizens to rely on personal and shared
generators working with diesel and gasoline

This dependence on generators caused a large consumption of fuel
of poor quality, which caused a severe damage to the air quality and the
Iragi environment. The Iraqi citizen has begun to feel the environmental
risks associated with pollutants from motor vehicles and generators.
Reducing fossil fuel consumption is the biggest challenge that can be
passed on by lrag to the use of renewable energies in electricity
generation. lrag has many renewable energies representing the most
important solar energy and promising potential .It is an available energy
almost free of charge. Solar energy can be used to produce large amounts

of electrical energy via solar concentrators or by using photoelectric cells.

1.3. Research Objectives

The objectives of the present study are appended below:

1. Design and select the type of a solar PV system for the college of
engineering at Al-Muthanna University.
. Cost analysis refers to the total system cost, which includes initial

and maintenance costs.

. The annual cost was calculated to determine the life cycle cost.

. This study compares the cost of kWh production between

conventional gas turbines and photovoltaic stations.




1.4. Research Layout

The research is presented in five Chapters. Chapter 1:
Introduction includes a brief description of the significance of the work
and research objectives. Chapter 2: Theoretical Aspects and Literature
Survey presents the area of investigation in the present context, it

highlights the uniqueness and salient aspects of the photovoltaic

technology, and it lists the investigation done on PV system in different

countries. Then, Chapter 3 describes Methodology. The results and
discussion of design stand-alone PV system, economic study and
financial comparison between this system and conventional station for
supplying college of engineering at Al-Muthanna university were
discussed in Chapter 4: Results and Discussion followed by Chapter 5:
Conclusions and Recommendations, the general conclusions and

directions for future work were reported.




CHAPTER TWO

THEORETICAL
ASPECTS AND
LITERATURE SURVEY




2.1. Introduction

Photovoltaic systems are solar energy supply systems that convert
sunlight directly to electricity. The chief component of a PV system is the
solar panel which is formed by putting together several PV cells. Putting
together several PV cells forms a PV module; several modules form
arrays and several arrays form panels. The modular nature of PV cells
makes it possible for them to be used for a wide range of power
applications ranging from a few milliwatts in wrist watches and scientific
calculators to several megawatts in central power stations. Solar cells are
usually made of semiconductor materials such as silicon, gallium
arsenide, cadmium telluride or copper indium diselenide [3].

Solar cells come in two major forms based on the nature of the
material used in their production. The two main forms are crystalline
solar cells and thin film solar cells. Crystalline solar cells, so far, have the

highest conversion efficiencies when it comes to photovoltaic cells and

the main types are monocrystalline and polycrystalline cells. Thin film

cells, although less efficient than crystalline silicon, offer greater promise
for large-scale power generation because of ease of mass-production and
lower materials cost. The commonest example of thin film cells is the
amorphous silicon cell Photovoltaic systems can be grouped into two

main groups; namely off-grid systems and grid-connected systems Solar

Server [4].




2.2. Setting Conditions

The factors for designing solar photovoltaic system are as follows:
1. Need to consider the use of solar photovoltaic systems places and

solar radiation conditions;

. Need to consider how much load power should be carried by the
solar photovoltaic system;

. For the output voltage of the system, the use of a DC or AC power
should be considered;

. The number of hours per day the systems need to work;

. If there is no sunlight in rainy weather, how many days should the

system supply continuously;

2.3. Works on Solar Technologies around the World

There are huge works, research, thesis, implementation, design
consideration and Improvement on solar technologies is going on around
the world as well as in our country.

Scientist working on developing the solar panels, like scientist of
Korea and California has develop a new way of boosting the efficiency of
plastic solar panels by this they make it more competitive to traditional
solar panels. Commercial buildings, houses, offices, companies are
installing solar system for green energy. Such as the largest solar powered

building in Dezhou, Shangdong Province in northwest China [5] .

The largest solar power building in northwest china (Fig. 2.1). This

figure shows the largest solar powered building and it will be the venue of

the 4™ world solar city congress. Fig. 2.2 shows the 100% solar powered

building in Taiwan. It has 8,840 solar panels in the roof and can produce




1.14 million kWh/year. By this, it can prevent 660 ton of carbon dioxide

to release in the environment [6].

SNSRI

Fig. 2.2. 100% solar powered stadium in Taiwan[6].

2.4. Principle

Solar PV Technology converts sun’s natural energy to useful

electrical energy. Photovoltaic modules are made of mono crystalline /

polycrystalline solar cells connected in series and parallel modes [7].




Mono crystalline (Fig.2.3) solar panels are the most efficient type

of solar panels but are also the most expensive. Their performance,

somewhat is better in low light conditions. Overall efficiency on average
is about 12-15%.warranted of this type of panels about 20-25 years [8] .
Solar energy is a type of radiated energy. It can be changed into
electrical energy by using energy converters. The converter is a solar cell
(Fig 2.4). 1t will produce new electron-hole pairs when light shines on the
P-N knot of the semiconductor, under the function of electric field in the
P-N knot, the electron-hole will flow to P zone from N zone, and the
electrons flow to N zone from P zone, and produce electric current after

connected to the circuit [9].

Fig. 2.3. Mono Crystalline PV Panels [10].
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Fig. 2.4. Photovoltaic cell [11].

2.5. Classification of Solar Photovoltaic System.

The types of Solar Photovoltaic System are [12]:

2.5.1. Off-Grid Systems

Classification of Solar Photovoltaic System Off-grid PV systems, as
the name implies, are systems that are not connected to the public
electricity grid. These systems require an energy storage system for the
energy generated because the energy generated is not usually required at
the same time as it is generated [13]. In other words, solar energy is
available during the day, but the lights in a stand-alone solar lighting
system are used at night so the solar energy generated during the day
must be stored for use at night. They are mostly used in areas where it is
not possible to install an electricity supply from the main utility grid, or
where this is not cost-effective or desirable. They are therefore preferable
for developing countries where vast areas are still frequently not supplied
by an electrical grid. Off-grid systems are usually employed in the
following applications; consumer applications such as watches and
scientific calculators, industrial applications such as telecommunications

and traffic signs and remote habitations such as solar home systems and




water pumping applications. A typical off-grid system comprises the
following main components:

. Solar PV Modules: these convert sunlight directly to electricity.

. Charge Controllers: manage the charging and discharging of the
batteries in order to maximize their lifetimes and minimize
operational problems

. Battery Or Battery Bank: Stores the energy generated by the PV
modules

. Inverter: converts the DC current generated by the solar PV

modules to AC current for AC consumer load.

> DC CIRCUITS
LOW VOLTAGE (OPTIONAL)
DISCONNECT

'
v

S E—— — AC CIRCUITS
CHARGE
CONTROLLER

D | sranoacone
INVERTER
BATTERY BANK GENERATOR BACKUP

Fig. 2.5. Off- Grid connected PV system [14].




2.5.2. Grid-Connected PV Systems

Grid-connected PV systems are systems connected to a large
independent grid usually the public electricity grid and feed power
directly into the grid [15]. These systems are usually employed in both
decentralized grid-connected PV applications and centralized grid-
connected PV applications. Decentralized grid-connected PV applications
include rooftop PV generators, where the PV systems are mounted on
rooftops of buildings and building integrated system in which the PV
systems are incorporated into the building. In the case of residential or
building mounted grid connected PV systems, the electricity demand of
the building is met by the PV system and the excess is fed into the grid,;
their capacities are usually in the lower range of kilowatts. A typical grid-

connected PV system comprises the following components:

. Solar PV Modules: these convert sunlight directly to electricity.

. Inverter: converts the DC current generated by the solar PV
modules to AC current for the utility grid.

. Main disconnect/isolator Switch

. Utility Grid

Central grid-connected PV applications have capacities ranging from

the higher kilowatts to the megawatt range.
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Fig. 2.6. Grid connected PV system without battery backup [16].

2.6. The difference between off grid and on grid solar

The off grid solar system is self-sufficient, but it might underperform and
require a backup battery. On the other hand, the on grid system is
connected to the local grid, therefore you will not need the battery. You
can even sell the surplus energy [17]. Fig. 2.7 illustrates the differences

between off grid and on grid.

EOff-Grld On-Grid !

Solar Panel % Solar Panel

Inverter

-ﬁ

Battery Bank Generator (Optional) Utility Meter

Fig. 2.7. Differences between off grid and on grid [18].




2.7. PV System Design

The stand-alone PV system usually consists of the PV generator
with the required mechanical structure, storage batteries, charge
controller and DC-AC inverter, in additiome n to wiring cables to the
required control and switching devices. The components of PV grid
connected is the same of standalone components except the battery and
the charge controller. The following subsections introduce the design of

each component in the proposed system.

2.7.1. PV Sizing

The solar panel contains a set of PV cells connected in series and
parallel, the electrical energy produced by this panel are insufficient to
handle medium and large loads of energy. For the purpose of obtaining
the voltages required for loads, a set of solar cell panels should be
connected in series while the panels are connected in parallel to achieve
the required current. However, before starting to calculate the number of
series and parallel solar cell panels the following information should be

determined:

* The system dc voltage (V dc ).
 The average sun hours per day (TSh ).
* The average daily demand of energy in watt-hours (E q ).

The first step in calculating the number of solar panels begins by

determining the average daily demand of energy (Ed) which is




calculated by dividing the average daily demand by the product of

efficiencies of all components in the system as given in equation (2.1).

By

E .=
rd - n nne

Where M, =battery efficiency
n; =inverter efficiency

ne =charge controller efficiency

The average peak power (Pave,peak) Is then obtained by dividing the

required daily average energy demand by the average sun hours of the
site per day (TSh )as :

_ Erd

P =
ave,peak Tsh

The system dc current( | q C) Is obtained by dividing the average peak

power by the system dc voltage as:

_ Pave,peak

d Vdc

The number of modules in series (Ngy,) is then obtained by dividing the

system dc voltage by the rated voltage of each module (V) as:




The numbers of parallel number of module strings (Npm) were obtained

by dividing the total dc current of the system by the rated current of one

module (Iy) as:

|
N :ﬁ
pm 'rm

The total number of modules (Ntm) that form the array is then finally

determined by multiplying the number of modules in series by the
number of parallel modules as in modules in equation (6), thus giving the

required array size.

Ntm = Ngm Npm

2.7.2. Battery Bank Sizing

Batteries used in solar systems must be of a deep cycle type so it can
be charged and discharged quickly for many times and for several years.
Batteries must have high storage capacities to ensure that all loads are
operated at night rainy, and dusty days. To determine the required battery
size, you must first determine the amount of estimated energy storage

(Eest) required which is equal to the product of the daily average

energy demand and the number of autonomy days (Daut) as:




Eest = Eq*Paut

A safe energy storage (E safe ) is then computed by dividing the obtained

estimated energy storage by maximum allowable depth of discharge
(DdiSCh ) as given by :

_ Eest

E =
f ]
~ate DdISCh

The total capacity of the batteries bank used in ampere-hours (Ctb) IS

calculated by dividing the safe energy storage over the dc voltage given

by one battery (Vb )as :

E
)= safe
t Vb

C

The total number of batteries( N th ) can be calculated by dividing the

total capacity of the batteries bank used in ampere-hours over the

capacity of one battery in ampere-hours( Cb ) as shown below :

The number of batteries in series (N sp) Can now be determined by

dividing the system dc voltage by the rated dc voltage of one battery as :

N b:&
S Vb




The number of parallel battery strings (N pb) can be calculated by

dividing the total number of batteries (Ntb Jover the series number of

batteries as below :

N
N =_tb
pb Nsb

2.7.3. Charge Controller Sizing

The main function of the solar charge controller unit is to control the
current values of the solar cells as well as the total current value of the
load while ensuring that the voltages generated from the solar cells and
load voltage are matched. The most important point in determining the

capacity of the solar charge controller unit is its ability to withstand the

total short circuit current of the array (15} = 1M x Npm) and a certain safe

faCtor(Fsafe ) The safe factor is necessary in order to allow for a
reasonable system expansion. Thus, the desired charge controller current
(1o )is given by :

- M
lec = Isc *Npm *F5e

2.7.4. Economic Analysis

The most valuable statistical evaluation tool for the economic
behaviour of energy systems is life cycle cost (LC.) analysis. In
renewable energy systems, it covers all system life stages; capital cost

and initialization stage, operation & maintenance stage and the

replacement stage [19, 20]. The initial capital cost of any system is the




cost required for purchasing all system components; this includes PV
arrays, storage system, charge controller, inverter and installation
(including wiring and other auxiliaries). Operation and maintenance cost (

OM ) include annual periodic expenses for system management, regular

maintenance and site supervision. For continuous operation and to ensure
efficient system performance, some parts of the system must be replaced
periodically. Storage batteries in any PV system need to be replaced
every (5-10) years according to the battery type and the operating
conditions.

In life cycle analysis, the analysis must be carried out according to
the longest life component of all system parts. The optimum life cycle of
the PV modules used is around( 25 )years, whereas the life cycle of the
storage batteries can run up to (10 )years. Given a maximum life cycle of
25 vyears, the batteries will need to be replaced every (10) years. For
future estimations, two important parameters must be considered; the
inflation rate and the discount rate. Inflation rate represents the escalation
trend in the costs over the all system life, while the discount rate
represents the decrease in the components cost with future mass
production.

The PV module costs (PV ) is( $400), while the storage batteries

cost (B ) is $1000. The inverter (Inv.) and charge controller (C) costs

$2000 for each one. For the PV arrays life cycle of 25 years and the 10

years battery life, the installation cost(1. ) is 10% of the PV cost while the
annual(OM,,) cost is 2% of the PV initial cost. Given an inflation rate (i)

of 4% and discount rate (d) of 8%, the system life cycle cost and the unit

electrical cost can be estimated.




The annual (OM. ) costs can be calculated depending on the

system capital cost taking into consideration the inflation and discount

rates, as follows [21];

-2

1+i
OMg = 2%PV X (=) 1;9]'

(1+d

Since the battery life is considered 10 years, it must be replaced twice in
the system’s lifetime. The battery replacement costs are calculated for
first time after 10 years and for second replacement after 20 years as
follows [21, 22]

_ 1+1
B =B, L1+dJ

_ 1+i 20
BB, 1|

The system’s life cycle cost can be calculated by adding the PV, battery,

battery replacements, inverter, controller, installation, operation and
maintenance costs [21].

LC. =PV, +B

L +B., +INVG+C +1 +OM

The annual life cycle cost (ALC.) can be estimated as follows [22];

A+

— 1+d
ALC. =LC, c| Aty

1+d




The unit electrical cost(U.)in $/kWh can be estimated from the annual

life cycle cost and the annual energy generated by the PV system [1].

U. = ALC,
c™ 65%E

Where EL Is the daily required electrical energy for the household,

kWh/day. The costs of Cables, Design, Metering and Control Devices are

lamped together as 10% of equipment cost.

All the previous analysis assumed that the college of engineering
are fully on for 6 hours 5 days in the week. This hypothesis does not
represent the actual classes in the college during the week. In some days,
there may be two or one classes or may not exist. Therefore, the proposed

design can be changed according to the actual holdings of classes.

For calculating gas turbine unit generation cost the following equation is

used

R=2(1+i)" Luii)” _J

Where R = Capital recovery cost (Annual) ,
Z = Initial value of the capital assest,
I= Interest rate (discount value), and

n= Usfuel life of the assest




2.8. Advantages and Disadvantages of PV System

Every coin has two sides, for solar photovoltaic system, there are

also advantages and disadvantages

2.8.1. Advantages

Three are many advantages as follows:

. Solar energy is inexhaustible, solar radiation receiving by the
surface of the earth is able to meet the global energy demand as
10,000 times.

. Solar energy exists everywhere. It could supply the electricity
power near the place where the energy is produced, there is no
long-distance transportation, and the loss of long-distance

transmission lines are avoided;
. Solar energy is without fuel, and has low running costs;

. No moving parts, not easy to break, easy maintenance, particularly

suitable for unattended use.

. Solar photovoltaic system does not produce any waste, no
pollution, no noise pollution, no adverse effects on the

environment.

. Solar photovoltaic system construction period is short, convenient

and flexible, and can be increased or decreased depending on the
load, any additions or reductions of the solar ca-pacity of the

square, avoid wastage.




2.8.2. Disadvantages:

The disadvantages are:

1. Being intermittent and random, electricity production and climatic
conditions can not or rarely generate terrestrial applications at night
or rainy days;

. The conversion rate is low, and the system must be run under
standard conditions, the received solar radiation intensity is 1000W
/ m2 on the ground. It needs to occupy a large area;

. Prices are still more expensive. They are higher than conventional

power generation from 3 to 15 times and high initial investment.

2.9. Literature review

Photovoltaic cells produce electricity directly from the solar light
using semiconductor materials. The PV is a proven technology and has
been used for last more than fifty years starting from space applications to
now ground based small and large power plants. Due to fast technological
development and increasing demands, the cost of PV panels has
decreased tremendously. The increasing renewable energy targets have
lead equally increasing research and development activities to understand
these technologies and improve performance.

The utilization and promotion of renewable sources of energy in the

power sector will have two fold benefits. On one hand, it will conserve

the fossil fuel for exporting to international market and earn revenue and

on the other hand it will result in the reduction of greenhouse gases
emissions. This will ultimately safeguard the local and as well as the
global environment. Remaining of this section presents the work reported

in the literature on different aspects of grid connected PV systems.




Some studies such as AL-Riah et al. analyzed the average monthly
solar radiation for the period 1971-1985 in three main cities (Mosul,
Baghdad and Nasiriyah), which are located in northern, central and
southern of Iraq, respectively. The percentages numbers of solar radiation
days were calculated for the purpose of evaluating the efficiency of solar

systems in those cities [20].

Pietruszko and Gradzki [23] reported an energy yield of 830 kWh
from a roof-mounted 1-kWp grid-connected PV system (GCPVS) in
Warsaw over a period of one year with performance and the efficiency

values between 0.6 and 0.8% and 4% and 5%; respectively.

So et al. [24] presented the experimental results of four each of 3 kW
capacity GCPVS installed at the Field Demonstration Test Center in
Korea and compared the measured performance parameters with

simulated values.

Ayompe et al. [25] developed real-time energy models for small scale
GCPVS and showed that these models are suitable for estimating output

power at desired time intervals for smart metering.

Khatib et al. [26] presented operational experience of a 5 kWp
GCPVS and found an average performance of 73.12%, daily yield factor
of 2.51 kWh/kWp, and capacity factor is 10.47%.

Milosavljevié et al. [27] presented the performance data of a 2 kW

roof mounted PV plant in Nis, Republic of Serbia and found an energy

efficiency of 10.07% which decreased with the increasing ambient

temperature. The annual mean values of the performance ratio and




capacity factor with transmission integration were found to be 93.6% and

12.88%, respectively.

Sundaram and Babu [28] validated the performance of a 5 MWp
grid connected PV plant located in Sivagangai, Tamilnadu, India with
theoretically estimated annual energy yield. The measured annual average
energy generated by proposed plant was 24,116.61 kWh/day while the
estimated value was found to be 24,055.25 kWh/day. The overall
absolute average daily capture and system losses were found to be 0.384

h/day and 0.65 h/ day, respectively.

Mondal and Sadrul Islam (2011) [29] conducted a case study in
Bangladesh where they identified the potential location of grid-connected
solar PV in 14 districts. The study analyzed the feasibility of 1 MWp
solar PV using HOMER optimization software. However, this study was
discontinued because of very high investment costs. Thus, a comparison
based on actual performance and the results of simulation analysis could

not be performed to confirm findings.

Another solar PV performance analysis was conducted by Sharma
and Chandel (2013) [30]. Performance analysis of a 190 kWp solar PV
power plant installed in Khatkar-Kalan, India, was carried out and
simulation estimations were found to be in close agreement with the

actual measured results with an uncertainty of 1.4%. This estimation was

performed using PVSYST software. Detailed analysis of the plant” s

economic feasibility, however, was not performed.

On the application side, Nacer et al. [31] conducted feasibility
analysis of GCPVS for dairy farms ranging from 10 to 30 milking cows
in Algeria by considering the technical, economic, local characteristics,

36




and legislations. The study revealed that the average energy requirements
were between 330 and 560 kWh/cow/year. For the proposed PV systems
of varying sizes, the cost of energy was found to vary from 0.008 $/kWh
to 0.033 $/kWh in Algeria.

Bey et al. [32] presented the performance evaluation of a GCPVS

for supplying the power to a dairy farm and reported that the energy

consumption from the grid decreased by 67%, the produced milk

increased by 8% and the CO, emission decreased by 68%.

Rehman and Sahin [33-35] presented a comparative study of
using PV system compared to diesel power system for water pumping

and recommended the PV system for this application.




CHAPTER THREE

METHODOLOGY




3.1. Study Area Survey

The middle and south area of Irag can be considered as one of the
world maximum solar radiation regions. In Al-Samawa city the highest

solar radiation received during June, July and August about (774,771,706

mW/cm?) while the lowest solar radiation received in December,

November and October about (267,339 and 469 mW/cm?). Table 3.1

shows the solar radiation in Al-Samawa city [36].

The project began with a literature review of solar photovoltaic
systems. This was followed by a simple design and feasibility study to
obtain an idea of the amount of energy that will be generated by the
system. The draft procedure for the design of stand-alone PV system
comprises the following steps:

1. Assessment of the solar radiation data for the location from various
institutions such as the American Space Agency (NASA), Ministry
of Transportation (General Authority for Meteorology and Seismic
Monitoring in Iraq, Climate section).

. Obtain solar PV information from various solar dealers both locally
and internationally. This information should include; type, cost,
size, etc.

3. Design the layout of the system.

4. Doing Economic study.

3.2. Load Survey of Al-Muthanna University

Finding out and understanding the total energy consumption of Al-
Muthanna University is the first step through designing an Energy
Program for this University. This part observed the data of energy
consumption figures of Al-Muthanna University. In addition, it collected
the data and analyzed the monthly load from April 2020 to June 2020.




The stand-alone PV system is designed to supply electrical power
to college of engineering / Al-Muthanna University in Al-Muthanna
province/ Iraq. Fig. 3.1 shows the location of Al-Muthanna University
from USGS - U.S. Geological Survey.

Fig. 3.1 Earth map of engineering college at al-Muthanna University
[USGS - U.S. Geological Survey].

3.3. PV system

The PV solar system that used in the companies and homes

consists of solar panels, metal structure, batteries, inverter, wires, meters,
charge controller, and circuit breakers as shown in Fig. 3.2 and Fig. 3.3.
These components are connected together at the work site. The battery
comes in a strong, lightweight and corrosion-resistant cover to protect the

harsh and severe weather conditions. These systems provides an

alternative source of energy in many cases and can be relied upon to

provide clean, safe, and reliable energy.




The first step in the process of designing and sizing the PV system

is begin by knowing the monthly and annual solar radiation values for

the site and the amount of energy to be provided. One of the main things

in the design is the process of providing meteorological data (solar
radiation and temperature) to the system site (AL-Muthanna) in order to
obtain the best design for the solar system. Table 3.1 illustrates the

annually solar radiation with different tilt angles.

Load current
PV current " (DC)
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charger Inverter
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Battery current (AC)

Storage Facility electrical load
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Fig. 3.2. Stand-alone PV system [18].
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Fig. 3.3. Grid connected PV system [37].




Table 3.1. Average monthly values of solar radiation in Al- Samawah
city (mW/cm?/day).

Month

Monthly rate  (mW/ cm?/ day)

January 294
February 383
March 477
April 591
May 690
June 774
July 771
August 706
September 606

October 469
November 339

December 267

Table 3.2 Averages monthly values of maximum and minimum
temperature in Al- Samawah city (hours / days) for the
period (1981-2012)

Month Maximum Minimum the average
temperature temperature
January 17 5.8 11.4
February 13.8 7.5 13.8
March 25.3 11.7 18.6
April 32 17.7 19.3
May 38.5 23.4 31
June 42.9 26.2 34.5
July 44.5 27.9 36.3
August 44.4 27.2 35.8
September 41.3 23.6 324
October 34.8 19.1 26.9
November 25.8 12.4 19.4
December 19.3 7.6 13.4
the average 22.1 17.5 24.4




Table 3.3 Average monthly values of theoretical and actual brightness of
Al-Samawah city (hours / days) for the period (1981-2012).

Hours of
Theoretical
brightness

Hours of actual

brightness

January

10.2

February

11

March

12

April

May

June

July

August

September

October

November

December

Averg

3.4. Gas turbine unit generation cost

This study compares the cost of kWh production between conventional

gas turbines and photovoltaic system. The electricity generation units

used in Irag are mainly gas turbines units and are used as base load units.

Table 3.4 illustrates the cost characteristics of installed gas turbine units
[38].

Table 3.4 Cost of kWh production in Iraq

Cost type

Gas turbine

Capital ($/kWh) 250
Operation and maintenance (O&M) ($/kWh) 0.005
Fuel ($/kWh) 0.045




CHAPTER FOUR

RESULTS AND
DISCUSSION




4.0 College of engineering solar PV system design

4.1 System configurations

There are many possible configurations of solar PV system. Each
of these configurations has its own advantages and disadvantages.
Depending on the system requirements appropriate system configurations
has to be chosen. In our work, at first we considered two possible
configurations for college of engineering. The first one is grid connected
solar PV system without battery and the second one is standalone solar
PV system with battery. In addition, this chapter presents a comparative
economic analysis of electricity generation using photovoltaic (PV) cells

and conventional gas turbines.

4.1.1. Off- grid connected PV system results

4.1.1.1 PV Sizing

Sizing the panels, i.e. finding the number of the required plates

depending on the equation in Chapter 2 from (2.1 - 2.6)




Table 4.1. Summary of PV array sizing.

Required information
Solar module :Canadian solar inc .,CX6S-320P,320W,

System voltage (V. ds) =96V.

Average sun-hours for Sammaw (Tsh) =10.

Daily average demand (E d) =50820Wh.

Battery efficiency (nb) =0.97.
Inverter efficiency (ni) =0.96.
Charge controller Efficiency (n;)=0.95.

| Parameter being determined Computed value I
57447

57447

4.1.1.2. Battery Bank Sizing

Find the size of the battery or the total number of batteries, depending on

the male equations in Chapter 2 from (2.6 - 2.12)




Table 4.2. Summary of battery bank sizing.

Required information

Battery module :Rolls, 12-CS-11PS,

Cb =296 Ah ’Vb =12V, DdiSCh =80%.

Battery Efficiency (nb) =0.97.
Number of Days of Autonomy(Daut) =2.5Days

Parameter being determined Computed value

Eest 127050

E cafe 158813

C

th
th
sb
pb

N
N
N

4.1.1.3. Charge Controller Sizing

Find the charge controller sizing from Equation 2.13 mentioned in

Chapter Two.
Table 4.3 Summary of charge controller sizing .

Required information
Charge controller :Generic universal controller with

MPPT converter ,96 VV
lc = 704A

Charge controller Efficiency (n;)=0.95.
Safety factor (Fsafe) =1.25

Parameter being determined Computed value
(Ieer) 81.37A

Number of charge controller 1
(Teer /ec)




4.1.1.4. Economic Analysis

Finding the economic cost based on the equations mentioned in the

second chapter (2.14 —2.18)

Table 4.4. Cost estimate of the PV system Components.

Component Qty.

Unity cost Total cost

PV module 21
Battery 44

Controller 1
inverter 1
Cables

First batteries
replacement
Second batter
replacement
OoMC
LCC
ALCC
ucC

4.1.2. Grid connected PV system results

4.1.2.1 PV Sizing

$400 $8400
$1000 $44000
$2000 $2000
$2000 $2000
$2640
$301168

$20648

$2667
$381723
$23148
$0.62 /kWh

Sizing the panels in the grid system from the equations mentioned in the

second chapter (1.6 - 6.6)




Table 4.5. Summary of PV array sizing.

Required information

Solar module :Canadian solar inc .,CX6S-320P,320W,

System voltage (V ds) =96V.

Average sun-hours for Sammaw (Tsh) =10.

Daily average demand (E d) =50820Wh.
Inverter efficiency (ni) =0.96.

Parameter being determined Computed value
E g 52937.5

Pave peak 5393.76

Idc
Nsm

Nim

4.1.2.2. Economic Analysis

The economic analysis of the connected system from the equations

mentioned in Chapter Two.

Table 4.6. Cost estimate of the PV system Components.

Component Unity cost Total cost
PV module $400 $7200
Inverter $2000 $2000
Cables $2640

OoMC $2286

LCC $12206.5
ALCC $740

ucC $0.02 /kWh




4.2. Gas turbine unit generation cost

The cost per kWh generation from gas turbines can be estimated
using equition provided in Table 3.4. To calculate the capital cost of
kWh production we assume a unit lifetime of (25 )years, (3%) discount
rate and operation of the unit at its rated power for (8 )hours a day,( 12)

months a year. Therefore,

Operating hours =8*30*12=2280 h/year

Annual cost =250(1+0.03)25[0.03/{(1+0.03)25_1}]=14.4 $/kW
Cost per kWh =14.4/2280=0.0062 $/kWh

Total cost =0.0062+0.045+0.005=0.0563 $/kWh

From the above analysis it can be seen that the generation cost per kWh
for the PV system (stand -alone) is higher than that of a gas turbine
system for the specified parameters. This is attributed to the high
installation cost ( $0.62 ) of the PV system and the low conversion
efficiency. Further sensitivity analysis of some parameters, namely the
conversion efficiency and installation cost, was carried out.

The results suggest that a reduction in installation cost to (2.5 $/Wp) or an
increase in the conversion efficiency of the cell to (20% )would make the
generation cost competitive with that of a gas turbine. the generation cost

per kWh for the PV system (grid connected) is lower than that of a gas

turbine system for the specified parameters. This is attributed to the high

installation cost ( $0.02 ) of the PV system However, this system faces
multiple problems, including obtaining approval from the concerned

authorities, and it remains a large area and other problems.




CHAPTER FIVE

CONCLUSIONS AND

RECOMMENDATIONS




5.1 Conclusions:

The generation of electricity in Irag suffers from severe deterioration, and
therefore it is not possible to take full advantage of electrical energy, and
this has led to the availability of alternatives and other solutions to
compensate for the shortage in electricity. One of these solutions is the
possibility of utilizing solar energy to generate electricity. Our study
reviewed scientific research in the field of energy application Solar
system in Iraq, especially that Iraq is located in a good location to receive
solar energy. This system has been proposed to provide the Faculty of

Engineering in the Governorate of Al-Muthanna with solar energy

through the photoelectric system for a period of one hour (8: 30 - 2:30) at

a cost of( 0. 26$ )kilowatt hour, which is a low cost compared to the
closest alternatives such as fuel-consuming generators, which have a high
cost for that. Use this system, which is a added system and does not cause

any pollution to the environment.

5.2 Recommendations:

. Survey of solar photovoltaic life cycle impact assessment and load
calculation must be done.
. Reducing system cost using new methods.

. System’s cost payback analysis must be calculated.
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