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Despite the many solar energy plants that have been installed, the need to study photovoltaic systems using
theoretical and practical models still exists due to the large number of variables that affect the productivity and
efficiency of solar systems. In this theoretical study, a 1 MW photovoltaic (PV) system was studied in Al-Mu-
sayyb city, the Al-Razaza Lake, and Ayen Al-tamer desert in southwest Baghdad, using PVsyst V 7.4 software
to choose the best location. The input data for the PVsyst are (Geographical site, power of the system, system
information, and type of grid). The production of the system in Al-Musayyb city, the Al-Razaza Lake, and Ayen
Al-tamer desert are 1785 MWh/year, 1885 MWh/year, and 1779 MWh/year respectively. The performance ra-
tios for Al-Musayyb City, the Al-Razaza Lake, and Ayen Al-Tamer Desert are 0.817, 0.831, and 0.816. The
current system can mitigate the emissions of CO2 for the system in Al-Musayyb city, the Al-Razaza Lake, and
Ayen Al-Tamer desert to 34617 tons,32503 tons, and 32371 tons respectively through 30 years of operation.
The lake environment (Floating PV system) is a better location for installing the plant than other sites due to
the output energy is higher than in other environments.
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1. Introduction

Due to the hard effects of using fossil fuels in our
world, all countries are planning to replace the current
energy sources with renewable sources. Iraq is a Middle
Eastern country, that has wide plans for using renewable
energy systems to avoid the bad effects of using fossil
fuels. Solar PV systems are more suitable now after the
huge reduction in the price of module units [1].

Although there are many solar PV systems and
plants established Many researchers have studied the
properties and characterizations of modified semicon-
ductors for solar cells and photodetectors applications [2-
4]. The investigation of the techno-economic-environ-
mental outputs of solar projects before implementation is
very important, especially when the design is connected
with other systems and needs more complicated analysis,
adjusting the design and recalculating again and again.
Therefore, the simulation software for designing solar
projects is very useful.

The Iragi energy sector needs to use renewable en-
ergy to face the continued increase in the population [5].
Ibrahim et al conducted a performance analysis of a 10-
MWop solar PV System in Alexandria, Egypt using the
PV System simulation tool. The Photovoltaic plant was
designed to do the highest performance ratio of 84 %
when using p-crystalline modules and 83 % using m-
crystalline modules [6]. A system 1 kWp solar PV system
is designed and simulated using PV System software by
Yadav et al, the performance ratio is estimated as
0.724 % by using PVsys which shows that the generation
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of electricity from the PV system is a viable option for
Hamirpur to supplement the increasing energy needs [7].
Sharma and Chandel 2013, carried out the performance
analysis of 190 kWp solar PV, the performance ratio is
74 % by using PV Sys. The average annual predicted en-
ergy yield is 823 kWh/kWp [8]. Kazem et al study the
optimal configuration for a 1 MW Grid-Connected PV
system in Adam City. The annual yield of the system is
1875.1 kW h/kWp [9].

A 250 kW grid-connected photovoltaic (PV) plant
system has been installed since November 2017 by Ah-
mad et al on the Southeast Baghdad site, this study
achieved the design and performance analysis using a PV
System software package. The results show that the per-
formance ratio is 75 % using 1428 photovoltaic panels
type (Sharp 175 Wp) spread over an area of 1858 m2. The
total energy injected into the grid is (346692 kWh/year)
[10].

Faizan studied a 3 MW Solar Photovoltaic Plant Us-
ing PV Syst in Pakistan, the value of the Performance ra-
tio comes out to 83.8 %, and the total energy generation
of 4908 MWh/year [11].

The design of solar energy systems must take into
consideration weather and climate changes, such as dust,
storms, and increasing temperatures that lead to de-
creased solar generation. Many lragi researchers have
written papers on the study of these challenges [12-18].
In the field of improving the performance and efficiency
of solar PV systems, there is a lot of research in this area
[19-23].
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In a desert environment, the high heat and dust are a
challenge for reliability in PV applications. The impact
of dust accumulation on photovoltaic module perfor-
mance can be as much as 15 % in dry regions, and more
than 20 % in desert regions [24,25]. High solar irradia-
tion with high ambient temperature has accelerated dis-
coloration and initiated damage to the encapsulant mate-
rial [26].

The operational performance analysis of a 20 MW
p-silicon photovoltaic has been achieved in a Desert En-
vironment of Algeria. The yearly performance ratio of
the system is 70.72 %, estimated between 59.13 % (in
June) - 79.05 % (in January). Also, the efficiency of the
system varies between 8.92 % (in June) and 11.93 % (in
January) [27].

In desert and semi-arid regions, about 75 % of days
had an increase in soiling on the PV panels, and the dust
storms caused 8 % attenuation of solar radiation reaching
the PV panels and increased the annual average soiling
rate by 23 % compared to non-dust storm days [28].

Floating PV systems (FPVS) are usually installed on
water bodies such as rivers, natural lakes, dam reservoirs,
and marine areas. This technology has attracted attention
since 2007 in several countries, such as Japan, South Ko-
rea, India, and the USA, where it has been installing
many medium and large FPVSs. The floating structure
could save the high cost of the land, reduction of water
evaporation, evaporative cooling of PV, and tracking
with optimal angles is simple and economical in design-
ing this system [29-31]. Studies showed that installing
FPVS has mitigated water loss through evaporation by <
90 % [32]. Floating PV systems have lower temperatures,
and higher energy generation capabilities, but, are also
prone to aluminum frame corrosion of the Photovoltaic
modules and other metallic components within the struc-
tures, which could be mitigated through design modifica-
tions [33]. Sujay S. and Shinde. N presented the timeline
of concepts and floating solar PV projects that have been
established, for research purposes or commercial use
[34]. The area of water regions in Iraq is about 4,910 km?,
which equals about 1 % of Iraq's area [35], the potential
of installing the FPVP on 50 % of the water reigns leads
to produce about 2.2 GWh by using 300 W modules.

The present work aims to study 1 MW of off-grid
PV plants under Al-Musayyb city, Al-Razaza Lake, and
Ayen Al-Tamer desert climate in Iraq in order to choose
the best location for installing the solar system.

2. System descriptions

The PV on-grid system used in this work is shown
in Table 1.

Table 1 System configuration

Parameter Description
No. of Inverters 40 (25 kWac)
No. of Array 91 (25 modules)
Modules Area 5062 m?
Nominal PV power 1001 kWp
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The grid does not require a storage element as the
generated energy is sold back to the main grid. The PVsys
v7.4.5 software database selects inverters and solar pan-
els to satisfy the highest yearly requirements on
14/3/2024. The best tilt angle for winter sessions is 45 °
at midday and 15° for summer, the best angle chosen
forall sessions for climate Iraq is 35°. The specification
of the module mono (440 W) twin 144 half-cell is listed
in Table 2.

Table 2 The technical specification of Mono (440 W)
twin 144 half-cell

Parameters Value
No. of Cells 2x72 (series)
Weight (kg) 24
Dimensions (m) 1.052 x 2.115
Isc (A) 11.10
Voc (V) 49.7

Imp (A) 10.7
Vinp (V) 411
Pstc (W) 440.6
Temperature coefficient Voc (mV/°C) -159
Temperature coefficient Isc (MA/°C) 6.3
Temperature coefficient Pmax (%/°C) -0.37
Module efficiency (%) 19.8
NOCT (°C) 46

Fill Factor FF 0.799
Pmax (W) 439.8

In current work, a complete production of the sys-
tem is obtained by using a 40 (25) kWac Inverter. For
Iragi grid compatibility, the inverter output is set to
400 V (50 Hz). The specifications of the inverter are
listed in Table 3.

3. Location description
3.1. Al-Musayyb city

Al-Musayyb City is an agricultural city belonging to
the Babil Governorate in central Irag. The location is
32.77 ° N latitude and 44.29 ° E longitude and the altitude
is 30 m. The daily temperature in the summer varies from
35 °C to 50 °C, and in the winter is 2 °C. The Babil re-
gion is known as hot and dry in summer and cold and
rainy in winter [36]. The cost of owning land in the city
and agricultural land is extremely expensive, with the
cost reaching millions of dollars in the city and hundreds
of thousands of dollars for agricultural land, which raises
the cost of establishing the project and, and reducing the
economic feasibility of the project. Also, the partial
shadow of trees and high buildings reduces plant produc-
tion. To overcome these obstacles, it was proposed to es-
tablish the project in Al-Razaza Lake and Ayen
Al-Tamer desert near the city of Karbala.
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Table 3 Inverter specifications (Voltage at maximum
power point)

Parameter Value
Vmpp(60 °C) 825V
Vmpp(20 °C) 975V
Voc(-10 °C) 1300 V
Impp(STC) 1051 A
Isc(STC) 1110 A
Max. operating power at

1000 V\F/)/mz an?ir;OO 907 kwp
Array nominal power 1000 Wp

3.2. Al-Razaza lake

Al-Razaaz Lake (32.37N, 43.67E) draws its water
from the Euphrates River. It is the second-largest lake in
Irag, belonging to the Karbala Governorate. The total
area is estimated at (1810) km?, and its total storage ca-
pacity is 26 billion m3. The rate of evaporation is about 2
to 1.5 meters per year, especially during the summer
months, where evaporation is estimated at 2 cm per day.

3.3. Ayen Al-Tamer Desert

Ayen Al-Tamer (32.33, 44.29), belonging to the
Karbala Governorate in central Irag. The altitude is 50 m.
The range of temperature is 5° in winter to 55° in Jun the
day, and the average wind velocity is 3.5 m/s.
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Fig 11 - Al-Musayyb city, 2 - Al-Razaza Lake,
3 - Ayen Al-Tamer Desert [37]

4. Result and Discussion

The temperature of Al-Musayyb city, Al-Razaza
lake, and Ayen Al-Tamer desert in one year is shown in
(Fig 2). Generally, the temperature degree will be lower
in the winter months. According to the figure, Al-Razaza
Lake has a lower temperature than both the city of Al-
Musayyb and the Ayn Al-Tamer desert.

DOI: 10.35933/paliva.2024.04.05

144

50
O 40
£ 30
o
[«5)
g 20
K —o— Al-Musayyb City
10 —6— Al-Razaza Lake
—S— Ayen Al-Tmor
0

1 2 3 45 6 7 8 9 1011 12
Month

Fig 2 Temperature of three sites for one year

The value of the temperature for Al-Musayyb and
Ayen Al-Tamer are irregular in winter months as a result
of the effect of clouds or partially cloudy ambient.

The plant's modules' temperature is reduced and out-
put power is increased due to this. The Al-Musayyb and
Ayn Al-Tamer deserts have a high and closed tempera-
ture, resulting in lower energy production. The wind ve-
locities of Al-Musayyb City, Al-Razaza Lake, and Ayen
Al-Tamer desert are shown in Fig 3.
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Fig 3 Wind Velocity of three sites for one year

Al Razaza Lake has a higher wind velocity than two
other sites, which results in a decrease in the temperature
of the modules and an increase in output power. Also, the
ability to use wind energy to support the production
power for the current system in Al-Razaza Lake. The
wind velocity in Ayen Al-tamer is lower than in Al-Ra-
zaza Lake, but it's higher than in Al-Musayyb City.

The Relative Humidity of Al-Musayyb City, Al-Ra-
zaza Lake, and Ayen Al-Tamer desert are shown in Fig 4.

Generally, the relative humidity is higher in winter
months. Figure 4 shows the amount of relative humidity
for three sites, the value of it is higher in Ayen Al-Tamer
than others due to not absorption and scattering by water
vapor. The relative humidity is lower in al-Musayyb City
and it is higher in Al-Razzaza Lake.
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Fig 4 Relative Humidity of three sites for months
(one year).

The yearly worldwide horizontal global radiation
rate is 1772.8 kWh/m2. On the collector's level the yearly
efficient irradiation is 1918.6 kWh/m?2,

The daily solar irradiance incident on the tilted plane
of 35° is 5.4 kWh/m? in Al-Musayyb city. The data of
solar irradiance in Al-Musayyb city, Al-Razaza Lake,
and Ayen Al-Tamer Desert are listed in (Fig 5).
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Fig 5 Global incident kwWh/m? for three sites for months
(one year).

The yearly wind speed is less, about 2.1 m\s, and the
feasibility of using wind speed is not enough economy,
therefor the PV system is suitable for Al-Musayyb city
environment. The high temperature in summer is a chal-
lenge for using PV systems in Irag. The Global indirect
incident, yearly energy of Array, yearly energy Grid (in-
jected to the grid), and percentage performance ratio
(PR %) (rate of energy injected into the grid to initial en-
ergy) for Al-Musayyb city, Al-Razaza Lake and Ayen
Al-Tamer desert are listed in (Fig 6).

The Global radiation incident for three sites and one
year is similar due to other sites because of the three sites
in the same area. In the summer months, the value of in-
cident solar irradiance is higher.
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Fig 6 Injected Energy-Grid kWh/year of three sites for
months (one year).

The relationship between Al-Musayyb City, Al-Ra-
zaza Lake, and Ayen Al-Tamer desert in terms of En-
ergy-Grid MWh/year is shown in (Fig 6). Figure 6 illus-
trates the Injected energy-grid KkWh/year injected into the
National electrical grid for three sites for one year per
month. Despite the high relative humidity effect, the en-
ergy grid for Al-Razaza Lake has a higher value than the
other sites due to the low temperature and high wind ve-
locity. the other two sites are similar. The yearly energy
injected into the grid for three sites is listed in Table 4.

Table 4 The yearly energy injected to grid for three sites

Site Energy (kWh)
Al-Musayyb City 1785195
Al-Razaza Lake 1884867
Ayen Al-Tamer 1778976

The relation between Al-Musayyb city, Al-Razaza
lake and Ayen Al-Tamer desert performance ratio
(PR) in % are shown in Fig 7.
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Fig 7 Performance ratio (PR) of three sites for months
(one year)
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Figure 7 shows the large values of the performance Table 5 CO; emission savings of three sites for 30 years
ratio in the winter season, and the lower value in the sum- Site CO; saving (tonnes)

mer season, as a result of the effect of the high tempera-

ture on the energy gap of PV modules which produce Al-Musayyb City 36648.5

more current, low voltages, and low output power. Fig- Al-Razaza Lake 39165.1

ure 7 shows the plant of Al-Razaza Lake has had a higher Ayen Al-Tamer 37966.8

PR value than other systems. The PR for Al-Razaza Lake

is higher, as a result of the output energy injected in the The plant needs about 10124 m? of lands for estab-

national grid being higher compared with the other sites. lishment, the price of field in Al-Musayyb city is about

The Al-Musayyhb city and Ayen Al-Tamer are similar in 150,000% and near the electric net distribution center. The

PR. cost of 1 watt in the Iraqi market is 1$/watt, and the plant
The results above indicate that installing photovol- cost is 1,000,000$ which equals 148,000,000,000 Iraqi

taic systems on water yields the highest productivity. denar at price of 1\12\2023. The rate cost of produced

However, there are some drawbacks, such as the process 1 kWh of electric energy in Iraq is 0.12$. The price of

of installing and fixing the system in the direction of the one-year production of electrical energy is 198480$.

sun, difficulty in periodic cleaning, and Algae being gen- Therefore, the amount of establishing the system will be

erated on the base of the frame. The saved CO2 emissions refunded after 5.03 years without the cost of maintenance

for three sites with a lifetime of 30 years are listed in Ta- and operation.

ble 5. System performance can be improved the productiv-
The main reasons for system loss are temperature, ity with 1D and 2D tracking, cooling the panels in summer,

inverter efficiency, dust, mismatch in modules and array, avoiding shade and partial shade affected, Avoid module

irradiance level, omics wiring loss, etc. capacity mismatch, and constant cleaning of units. The
The temperature loss is high value due to high level system’s performance is compared with other installed PV

of temperature degrees in summer session. systems for a good idea of PV solar system performance in

the current study as listed in Table 6.

Table 6 Performance Ratio comparison of the PV systems installed in Baghdad.

. . System capacity Installation Energy 0
Geographical location (kWp) Type of PV technology type (kWhiyear) PR (%)
North Baghdad [7] 12-grid HIP-205NHE1 Rooftop 19530 79.2
South-east Baghdad [7] 250-grid Sharp 175 W Mono Carports 347000 75.0
Present study, Al-Musayyb city 1000-grid Mono 440 W city 1785195 81.6
Present study, Al-Razaza lake 1000-grid Mono 440 W lake 1884867 83.1
2222‘:{" study Ayen Al-Tamer 1000-grid Mono 440 W desert 1778976 816
South Baghdad [9] 63-grid REC280TP- Poly city 111000 81.9

The value of the total energy consumed in (materials The mitigation of CO, emission is the quantity of
(Em), manufacturing (Emr), transport (E;), installation (E;), CO, emission decrease by generating the energy from the
and management (Emg) for each square meter of the mod- PV system for Al Razaza lake as an example, Yearly CO,
ule was proposed by Tiwari et al [38]: mitigation is [40]:

(Em + Ent + Ei + Ei + Eng) = 1516.59 KWh/m? (1) Egx 0.707= 1884867 kWhiyear*0.707 kg/kWh  (4)
where Total Embodied Energy (Eem) is the energy = 1332600.969 kg/vear

consumed to make the current system, which equals the
(total module area * total cost of energy consumed per
square meter (1516.59 kwWh/m?) [39]:

(Eem) = Area modules * 1516.59 kWh/m? (2)

The CO, mitigation over its system life, i.e. through
30 years, the Net CO, mitigation for the system is [40]:

(Tearly CO; Mitigation + 30year) = (CO; Emissions due to the embodied energy)

=(1332601 kglyear * 30 year) — 5427624 = 34,550,405 kg 5)

(£.,) = 5062m" *1516.59kWh/ m" = 7676978.58 k Wh
(©)

Emission of CO; due to electricity generation of the
current system is 0.707 kg of CO, per kWh [24], the av-
erage emission of CO; due to the embodied energy of the
PV system is:

The net CO, mitigation for the system in Al-Razaza
is 34551.30527 tons through 30 years of operation. Also,
the net CO, mitigation for Al-Musayyb and Ayen
Al-Tamer are 32436 tons and 32305 respectively through
30 years of operation.

The widespread use of PV solar systems can be a
(o #0.707) = 7676978.58 kWh+0.70Tkg / kWh (3) key to solving the global warming crisis and reducing

=5427623 856 ke emissions of COs..

DOI: 10.35933/paliva.2024.04.05 146



Performance analysis of 1MW grid-connected photovoltaic system for three

PALIVA 16 (2024), 4. pp. 142-148

different environments in southwest Baghdad by using PV-system software

5. Conclusions

The use of simulation software in implementing and
evaluating PV systems is very important due to the large
number of variables and economic, environmental, and
systems aspects associated with them. The photovoltaic
system in the current study in the environment of Al-Mu-
sayyb city, Al-Razaza Lake, and Ayen Al-Tamer desert
south of Baghdad showed the efficiency of production
and feasibility of using the system. Al-Razaza Lake
(Floating PV system) is better location for installing
plants than other sites due to the output of high energy.

PV solar systems are considered valuable and
should be used to provide electrical energy in the residen-
tial sector because of their net carbon dioxide mitigation.
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