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Abstract

The use of the stand-alone PV systems for electric power generation is important to meet the needs of electric power,
especially in countries that have major problems in the generation and continuity of electricity such as Iraq. The aim of this
research is to design and simulate a stand-alone PV system installed on the roof of the parking garage in the College of
Engineering at Al-Nahrain University for the purpose of using the electrical energy generated by this system to meet the
energy demand of the daily light for the parking garage and engineering laboratories buildings beside it. The main factor in
the design was the total area of the roof of the parking garage. The Pvsyst6 program is used to simulate the suggested PV
system and to determine the effect of partial shading which caused by the trees surrounding the garage on the available
generated power of the system. A comparison was made between four types of solar panels to see the suitability of these
types to the weather conditions in Iraq, in addition to the impact of the shadows surrounding the garage. These types of
solar panels were (CIS SL2 145, CdTe F-4112-3, Poly JAP6-60-260, and Mono JAM6-60-260), CdTe type showed better
performance compared to other types in terms of available energy generated because it has small losses due to temperature
and shadows. It was found that the best tilt angle of the solar panels in the case of shadows is 19o to the south. Finally the
financial analysis was made to see the economic feasibility of this PV system and it is found that the PV system that uses
CdTe panels has the smallest kWh unit price (0.236 $/kWh) as compared with the other three types.
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1. Introduction

The issue of clean electricity generation using solar cell systems is one of the most important things right now, especially in
countries which have problems in electricity generation from fossil-fuelled power stations. In Iraq there is a problem in the
provision of electric power throughout the country. This problem has been going on since the eighties of the last century not
because of the lack of fuel because Iraq is a rich country in oil it is one of the oil-exporting countries and has the second
reserve in the world. It also has reserves of natural gas in fourth place in the world [1]. The problem of luck of continuity in
electric power in Iraq because of the destruction of a number of electric power stations as a result of successive wars in this
country in addition to the age, poor maintenance and development of the remaining stations. Iraq’s electrical infrastructure
problems are not unique and other countries have faced similar problems and have found solar PV systems to be a viable
solution [2].

Over the past years, interest has been given to the issue of the electric power generation that rely on solar energy, many
researches published by researchers and engineers in this important field. Solar energy systems are divided into two main
types: the stand-alone and the grid connected pv systems. A stand-alone PV system use to feed the load directly and it is
isolated from the main electrical grid, during daylight it generates electricity to supply the demand load and charge the
batteries while at night and cloudy days it depends on the battery bank to supply the demand load. The PV panels and
batteries generate DC power and the inverter converts it to AC power in order to supply the load.

In this research, an electrical power generation system was designed and simulated using stand-alone PV system for the
purpose of operating the internal lighting system of the laboratories buildings of the College of Engineering (Engineering
Workshops) and the external lighting of the car parking garage belonging to the College of Engineering at Al-Nahrain
University. The design depends on calculating the space area of the car parking garage roof and the possible number of the
PV modules suitable for the installation in this garage. The main reason of this design is to provide continuous lighting for
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laboratories and car parking garage due to frequent interruptions in the electricity from the main grid as well as for the
purpose of generating clean energy free of pollution. Figure 1 shows the block diagram of the stand-alone system.

Figure 1. System block diagram.

The first step in designing a PV system is to choose the suitable location for solar panels and other components such as
batteries, charge controller and inverter. Otherwise, the result from the system will not have desired power output [3]. As
mentioned above the solar panels will be placed on the garage roof while the rest components (e.g. inverter, charge controller
and the batteries) will be placed inside the workshop buildings near the garage. Figures 1 and 2 show the proposed location of
the stand-alone PV system in the garage belongs to the College of Engineering of Al-Nahrain University in Baghdad.

There are four car sheds in the garage each shed accommodate different number of cars, the four sheds have different areas
with dimensions of (A = 5m×25m, B = 5m×20m, C = 5m×17m, D = 5m×11.5m). It seems clear from the above figures that
the garage is surrounded by a number of tall trees. These trees, in turn, will cause the problem of the presence of shadows on
the solar panels, which will reduce the generated energy of these panels. Therefore it is very important to take into account
the problem of shadows caused by these trees in the computer simulation of the proposed solar system. The Pvsyst6 software
package will be used to predict the simulation results of the proposed stand-alone PV system with taking into account the
problem of shadows falling on the solar panels.

Figure 2. Cars garage sheds A and B.
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Figure 3. Cars garage sheds C and D.

2. Solar Irradiation in Baghdad

When starting the design process for the stand-alone PV system it is important to know the meteorological data of the area
where the system will be installed. Table 1 below shows the meteorological data for Jadiriya region in Baghdad city where
Al-Nahrain University located including global horizontal irradiance (GHI), wind speed and average air temperature. These
data were obtained from a meteorological observatory belong to the Iraqi Ministry of Science and Technology located in the
same area for the year 2017.

The latitude of Baghdad, Iraq is 33.312805, and the longitude is 44.361488. Other information about suggested place in
Al-Nahrain University could be found in [4] includes monthly mean sun shine hours, yearly solar radiation with different tilt
angles and hence the best direction of the tilt angle for the solar panels.

Table 1. Meteorological data of Jadiriya region.

Month
Parameter

GHI
(kWh/m2)

Wind Speed
(m/s)

Average Air
Temperature oC

January 78 2.45 10.4
February 107.6 2.55 11.4

March 136.9 2.63 18
April 162.4 2.94 23.6
May 200.6 2.97 31.2
June 229.7 3.58 35.5
July 222.8 3.63 39.8

August 199.1 3.46 39.5
September 141.8 2.74 35.8

October 103.6 2.38 27.3
November 73.09 2.33 19.7
December 76.9 2.53 14.6

Because of the occurrence of Iraq in the northern hemisphere, the best orientation of solar panels is to the south in order to
obtain the highest amount of solar radiation falling on the panels and thus obtain the best energy of the panels. In reference
[5] the annually optimal tilt angel has been obtained for Baghdad city and it is found that the maximum annually solar
radiation at tilt between 30° and 35°.

The idea of exploiting car sheds in universities exists and is implemented in a number of international universities, for
example in reference [3] a stand-alone photovoltaic (PV) system with solar PV peak power of 1285 kW is designed to meet
the daily light energy demand of Flarsheim Hall at the University of Missouri-Kansas City. System Advisory Model (SAM)
and PVwatts simulation tools were used to design and optimize the system, there is no shading analysis in this work. In [6]
multiple locations were assessed Illinois State University to determine the feasibility of installing parking canopies coupled
with solar photovoltaic (PV) systems and electric vehicle (EV) charging stations and to show these two systems’
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effectiveness if they are implemented together. In [7] A detailed work has been done for solar car parking site selection and
maximum solar electric power generation and its capacity effects with the shading of nearby trees and buildings by using the
HelioScope online software developed by Folsom Labs, it is found that the monopitch canopy is the best to mount at solar car
parking lots.

2. System Design

The designed solar power system consists of four main parts: solar panels, batteries, charge controller and inverter. Four types
of solar panels were tested for the purpose of comparison between them and see which of these panels will give greater
energy in the weather conditions of Iraq, which is characterized by high temperature in summer. Also to see the effect of the
shadows fallen on these panels as a result of the presence of many trees surrounding the garage. The main factor in the
selection of solar panel types is the convergence in the efficiency values of these panels. Table 2 shows the characteristics of
the PV modules.

Table 2. PV modules characteristics.

PV model (JAM6-60-260)

Characteristic Rating Unit

Maximum power, Pmax 260 W
Voltage at Pmax, Vmp 30.81 V
Current at Pmax, Imp 8.44 A
Short circuit current (Isc) 8.92 A
Open circuit voltage (Voc) 38.08 V
Efficiency 15.9 %

PV model (JAP6-60-260)

Characteristic Rating Unit

Maximum power, Pmax 260 W
Voltage at Pmax, Vmp 30.63 V
Current at Pmax, Imp 8.49 A
Short circuit current (Isc) 9.04 A
Open circuit voltage (Voc) 37.98 V
Efficiency 15.9 %

PV model (FS-4112-3)

Characteristic Rating Unit

Maximum power, Pmax 112.5 W
Voltage at Pmax, Vmp 68.5 V
Current at Pmax, Imp 1.64 A
Short circuit current (Isc) 1.83 A
Open circuit voltage (Voc) 87 V
Efficiency 15.6 %

PV model (SL 145)

Characteristic Rating Unit

Maximum power, Pmax 145 W
Voltage at Pmax, Vmp 87.4 V
Current at Pmax, Imp 1.66 A
Short circuit current (Isc) 1.81 A
Open circuit voltage (Voc) 107.8 V
Efficiency 15.4 %
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2.1 Inter row spacing

The effect of inter row spacing for tilted or ground mounted PV systems is essential as there is a possibility of inter-row
shading. Inter-row shading occurs when the solar PV module in front casts a shadow on the module behind it and hence there
is a reduction of PV yield. The main parameters that must be known to calculate the minimum spacing between the rows in
order to minimize the inter row shading are [8]:

 Module length and width.
 Required array length, width and area.
 Module orientation.
 Tilt angle.
 Sun path chart.

For the two rows shown in figure 4, the inter row spacing D can be found using the following equation [9]:D = cos z (1)

Where D is the row space, H is the module height, α is the altitude angle.
The module height is the vertical distance from the horizontal plane on which all the stands are to the top of the module. It

may be calculated using Pythagoras theoremH = Module length (L) × sin β (2)

Where β is the array tilt angle. The altitude angle α can be found using the sun path chart for the specified location and at a
certain time. Figure 5 shows the sun path chart for the geographical location (latitude 33.28° N, longitude 44.37° E) [10]. For
minimum row spacing the altitude angle is taken for the worst condition (Sun window "sunny hours per day" from 9:00 AM
to 15:00 PM on 21 December (winter solstice)).

For a module length L = 1 m mounted on a tilt angle of 30° facing the south (z = 0) and the altitude angle is approximately
taken as 18° (figure 5) the minimum row spacing is equal to 1.562 m (in this paper it is taken as 2m). In order to minimize the
effect of row shading the front row is taken to be half of the height of the back row.

The total area of the four shads equal to 367.5 m2 and it is found that by using 2m row spacing and facing the panels to the
south that this area can handle (4×32) panels from the monocrystalline JAM6-60-260, or (4×32) panels from the
polycrystalline JAP6-60-260, or (2×145) panels from the CdTe FS-4112-3, or (2×111) panels from the CIS SL2-145.

Figure 4. Side view of tilted PV-array.
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Figure 5. Sun Path for the geographical location [10].

2.2 Design procedure

The design procedure of the proposed system will be divided into two cases;

 Case 1. PV system analysis without the shading effect of trees.
 Case 2. PV system analysis with the shading effect of trees.

The modelling of the detailed shadow analysis, losses, and annual generation was performed by Pvsyst6 software package.
After a detailed shadow analysis, the optimization of the PV systems is performed at different tilt angles for the maximum
utilization of photovoltaic energy and maximum efficiency. Each case will be described in details as shown below.

Case 1. PV system analysis without the shading effect of trees.

The Pvsyst6 program is used to calculate the total nominal solar power for the available area of the four shads (A, B, C, and
D) for each type of the PV panels shown in table 2. All the panels were oriented to the south and the tilt angle of the PV
panels was changed from 17o to 38o in order to find the best angle which gives maximum generated energy, and it is found
that the best tilt angle for all types of PV panels was 30o as shown in figure 6.

However, table 3 show the values of the annual available energy, performance ratio, irradiation loss and temperature loss
for each type of the PV panels without shading effect. It is clear that from figure 6 and table 3 that the CdTe FS-4112-3 PV
panels gave the highest annual available energy and this is because of the small values of irradiation and temperature loss of
this type, also it have the highest performance ratio. In this simulation the nearby tree shading effect are ignored to know the
maximum nominal solar energy generation and the temperature is considered the biggest factor in the photovoltaic module
working performance.

Figure 6. System generated energy without shading.
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Table 3. System annual generation and losses at tilt angle 30o without shading.

PV
panel
type

Parameters
Annual

available
energy

(kWh/yr)

Performance
ratio %

Irradiation
loss %

Temperature
loss %

JAM6-
60-260 53480 74.6 0.29 11.06

JAP6-
60-260 51459 73.65 0.39 12.2

FS-
4112-3 55256 76.5 0.16 7.88

SL2-
145 53224 76.46 1.01 8.79

Case 2. PV system analysis with the shading effect of trees.

The car garage is covered by nearby tall trees, so it is necessary to perform the shadow analysis of these trees to know the
diffused solar radiation on PV modules and the effect on annual solar PV generation. Figure 7 shows the 3D plot of car
garage using the Pvsyst6 program; it is assumed that the trees have (15m height, 5m medium diameter, and 2.5m trunk). The
tilt angle of the PV panels was changed from 17o to 38o in order to find the best angle which gives maximum generated
energy, and it is found that the best tilt angle for all types of PV panels was 19o as shown in figure 8.

Table 4 show the values of the annual available energy, performance ratio, irradiation loss and temperature loss for each
type of the PV panels with shading effect. The CdTe FS-4112-3 PV panels still gave the highest annual available energy
(41363 kWh/yr), therefore, the authors recommended to use this type of PV panels in the design of the proposed PV system
due to its high available energy and performance ratio with small temperature and irradiation losses as compared with the
other three types.

Figure 7. 3D plot of cars garage using Pvsyst6.
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Figure 8. System generated energy with shading.

Table 4. System annual generation and losses at tilt angle 19o with shading.

PV
panel
type

Parameters
Annual

available
energy

(kWh/yr)

Performance
ratio %

Irradiation
loss %

Temperature
loss %

JAM6-
60-260 40324 59.9 0.75 9.43

JAP6-
60-260 38897 57.71 0.88 10.37

FS-
4112-3 41363 62.36 0.19 6.82

SL2-
145 39120 61.08 1.66 7.57

The simulation of the PV system for each type of PV panel with shading effect shows that the number of batteries used (type
Rolls S12-290 AGM) are equal to (8 × 12) for each case also the daily generated energy (EL) are equal to 146688 Wh/day for
the CdTe PV panel type while for the other three types it is equal to 146400 Wh/day. Therefore, the following results will
focus on the CdTe type with shading effect because of its high generated energy among the others. Figure 9 shows the
effective energy at the output of the array against global incident irradiation while figure 10 shows the normalized energy for
each month during the year. Table 5 shows the main results for the proposed system using CdTe PV panels.

Figure 9. Effective energy of the array.
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Figure 10. Normalized energy of the PV system.

Table 5. System main results using CdTe panels.

3. Financial Analysis

The financial analysis must be carried out according to the longest life component of all system parts. For the PV modules
used the life cycle is around 25 years, while for the storage batteries it is 10 years. Therefore the batteries need to be replaced
twice during the 25 years. The PV module costs (PVC), storage batteries cost (BC), inverter cost (InvC) and charge controller
cost (CC) costs were taken from the FreeCleanSolar.com web site. The installation cost (IC) is taken as 10% of the PV panels
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 as shown below [8].

The annual Operation and Maintenance cost (OMC) costs can be calculated as follows;

= 2%PV × (3)

The first battery replacement costs (BC1) are calculated first after 10 years and the second battery replacement (BC2) after 20
years as follows;
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= B (4)

= B (5)

The system’s life cycle cost (LCC) can be calculated as follows;

= + + + + + + + (6)

The annual life cycle cost (ALCC) can be calculated as follows;

= LC (7)

The unit electrical cost (UC) in $/kWh can be calculated from the annual life cycle cost and the daily generated energy (EL) by
the PV system as follows;

= × (8)

According to the above methodology, table 6 summarizes the cost analysis of the PV system for each type of the four PV
panels. The costs of cables, design, metering and control devices are lamped together as 10% of equipment cost.

Table 6. Cost analysis of the PV system.

PV model (JAM6-60-260)

Component Unit cost Total cost

PV module $390 $49920
Battery $590 $66080
Inverter $1000 $2000

Controller $1000 $2000
EL 146400 Wh/day
UC 0.247 $/kWh

PV model (JAP6-60-260)

Component Unit cost Total cost

PV module $390 $49920
Battery $590 $66080
Inverter $1000 $2000

Controller $1000 $2000
EL 146400 Wh/day
UC 0.247 $/kWh

PV model (FS-4112-3)

Component Unit cost Total cost

PV module $150 $43500
Battery $590 $66080
Inverter $1000 $2000

Controller $1000 $2000
EL 146688 Wh/day
UC 0.236 $/kWh
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PV model (SL 145)

Component Unit cost Total cost

PV module $260 $57720
Battery $590 $66080
Inverter $1000 $2000

Controller $1000 $2000
EL 146400 Wh/day
UC 0.259 $/kWh

4. Conclusions

In this research, the car sheds in the garage of the College of Engineering were utilized for the purpose of designing a stand-
alone PV system. The electrical energy generated from this PV system was suggested for use in providing electrical energy
for the external lighting of the garage and the internal lighting of the workshops located in the building adjacent to the garage.
Four types of solar cells with comparable efficiency were used and compared to see which of these types is suitable for use in
Iraq’s high temperature summer climate. The results show that CdTe solar panel is better than the other three types because it
has few losses due to temperature rise. The economic analysis of the system showed that this type provides the lowest price
per kilowatt hour unit. The presence of high trees surrounding the garage and the resulting shadows from it had a noticeable
effect in reducing the electrical energy generated by the system. The presence of shadows has an effect on the optimal tilt
angle of solar panels; for example, it is found by simulation that the best tilt angle is 19 degrees instead of 30 degrees in the
proposed system. It is possible to reduce the impact of shadows caused by trees surrounding the site by conducting a pruning
process of these trees, for example, it is possible to increase the annual energy from the panels by 7.6 % if the trees have
(12m height, 3.5m medium diameter). One of the main problems that may face the work of the proposed system is the
problem of the accumulation of dust and leaves falling on the solar panels, which will lead to reduce the generated energy of
the panel, especially since the atmosphere of Iraq is characterized by the presence of dust in summer. Therefore, regular
cleaning of the solar panels should be carried out for the purpose of removing the impact of dust and dirt accumulated on
them.
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