DE GRUYTER

Energy Harvesting and Systems 2022; 9(1): 97-111

Research Article

Qusay Hassan*, Saadoon Abdul Hafedh, Ali Hasan and Marek Jaszczur

Evaluation of energy generation in Iraqi territory
by solar photovoltaic power plants with a capacity

of 20 MW

https://doi.org/10.1515/ehs-2021-0075
Received December 3, 2021; accepted December 30, 2021;
published online January 10, 2022

Abstract: The study evaluates the visibility of solar
photovoltaic power plant construction for electricity gen-
eration based on a 20 MW capacity. The assessment was
performed for four main cities in Iraq by using hourly
experimental weather data (solar irradiance, wind speed,
and ambient temperature). The experimental data was
measured for the period from 1st January to 31st December
of the year 2019, where the simulation process was per-
formed at a 1 h time step resolution at the same resolution
as the experimental data. There are two positionings
considered for solar photovoltaic modules: (i) annual
optimum tilt angle and (ii) two-axis tracking system. The
effect of the ambient temperature and wind on the overall
system energy generated was taken into consideration. The
study is targeted at evaluating the potential solar energy in
Iraq and the viability of electricity generation using a
20 MW solar photovoltaic power plant. The results showed
that the overall performance of the suggested power plant
capacity is highly dependent on the solar irradiance
intensity and the ambient temperature with wind speed.
The current 20 MW solar photovoltaic power plant capacity
shows the highest energy that can be generated in the mid-
western region and the lowest in the northeast regions.
The greatest influence of the ambient temperature on the
energy genrated by power plants is observed in the
southern regions.
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Introduction

Solar photovoltaic (PV) and solar thermal system (STS)
systems are used in renewable power plants. Photovoltaic
energy is weather-dependent, resulting in considerable
swings in grid feed. Solar energy for electricity generation
connected to the grid creates grid stability challenges
owing to its intermittent nature, since it reverses power
flow during times of low demand, resulting in poor power
quality (Weida, Kumar, and Madlener 2016). Therefore,
before electricity is connected to the grid, standard
parameters such as frequency, voltage, and power in-
verters used to convert renewable solar-generated Direct
Current (DC) voltage to Alternating Current (AC) should be
addressed. Voltage increases, voltage flicker, and voltage
harmonics may all be used to quantify the degradation of
power quality. In recent years, a significant boost in the
construction of solar photovoltaic/solar thermal power
plants has taken interest in the world (Haas et al. 2011). It
is expected that solar energy production will be able to
compete, at the utility level, with conventional electricity
prices in many regions of the world. This expectation has
led to an increase in the construction of new photovoltaic
power stations on a large scale (International Energy
Agency 2020). Photovoltaic modules are known to resist
extreme climate conditions as they provide a long lifespan
of approximately more than 20 years (Jaszczur and Has-
san 2020). The construction of solar power plants neces-
sitates the selection of the best site in the best conditions
for obtaining the most energy. Power plants, solar and
wind, in general, require a large area of land and they are
often exploited in rural sites (Abdulateef et al. 2021).
According to the Energy Information Administration’s
(IEA) 2020 report, the highest growth rates for electricity
production by PV systems and solar concentrated power
(SCP) were observed between 2001 and 2019 (refer to
Figure 1). Furthermore, the global PV output has tripled for


https://doi.org/10.1515/ehs-2021-0075
mailto:qusayhassan_eng@uodiyala.edu.iq

98 —— Q. Hassan et al.: Evaluation of energy generation in Iraqi territory by solar PV power plants

the period of 2006—-2009 and has been growing dramati-
cally since then (reaching 100 TWh in 2013). In particular,
the year 2016 observed total PV production reaching about
260 TWh with more than 190 million units installed,
and the total contemporary SCP capacity was 4.8 TWh
(International Energy Agency 2020). The years 2017-2019
showed a significant increase in photovoltaic capacity,
with an increase of 98 GW in 2019, representing a growth of
more than half of renewable capacity. Moreover, the solar
PV capacity has increased by about 50% from 2017 to 2018,
which exceeded the 32% growth in 2019 (adding 573 TWh)
(International Energy Agency 2020). This unprecedented
global growth in PV energy has resulted in a significant
contribution to electricity generation of more than 3%, and
the global extrapolation shows its future capacity of
about 1800 GW by 2030 (International Energy Agency
2014). In 2019, there will be a significant global addition of
700 MW of Thermal Concentrated Power (TCP) capacity,
the largest yearly expansion since 2014 and a fivefold in-
crease over 2018. For the years 2012-2018, the annual ca-
pacity of SCP increased by an average of 27%. Despite
additions, global SCP production is estimated to have
increased by only 9% in 2019 (International Energy Agency
2020). Therefore, the statistics briefly illustrate the
increasing demand for solar energy, especially with PV
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systems’ preference, and promote requirements for reliable
and accurate forecasting of PV (International Energy
Agency 2020).

At this time, Middle East countries have not invested to
the extent required in renewable energy, especially in solar
energy, due to natural gas availability, which is considered
the second most polluting fuel after coal (Hassan 2021a).
Government policies need to encourage investment in the
field of solar energy because of the high solar irradiance
intensity in the Middle East region. The annual daily
average of solar irradiance on a horizontal plane has been
measured to be 4.4 kWh/m?% Baghdad is 5.02 kWh/m?
Cairo is 5.32 kWh/m? and Riyadh is 5.77 kWh/m? (Hassan
2020; Kazem and Chaichan 2012). Globally, there are
several articles that have investigated the solar energy
capacity and assessment of the solar energy optimal site by
using different methodologies and approaches.

Ramli, Twaha, and Alghamdi (2017) investigated the
energy generation capacity and economic feasibility of
grid-connected photovoltaic systems. A thorough system
assessment was highlighted, as it is critical to appropri-
ately analyse energy resources in terms of potential, tech-
nical needs, and economic feasibility prior to adopting
systems. The goal was to replace fossil fuels used to
generate power that create carbon dioxide with clean solar

Figure 1: A map of Iraq with the main cities
(Hassan et al. 2021).
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photovoltaic energy. The total net present cost, total
emission cost, levelized cost of energy, and renewable
energypenetration of various system configurations were
determined using the Homer programme. Rehman et al.
(2017) conducted a feasibility study on grid-connected
10 MW PV power plants installed in Saudi Arabia. The
feasibility study utilized Retscreen software to concentrate
on the technical, environmental, and economic aspects
of selecting potential locations for constructing grid-
connected PV power plants with a capacity of 10 MW.
Imteyaz et al. (2021) conducted a techno-economic study of
67 and 144 MW solar power plants, using Retscreen soft-
ware to account for module efficiency degradation caused
by high temperatures. The authors assumed that each de-
gree of temperature rise above 45 °C reduces efficiency by
0.4%. The study examined the feasibility of solar PV in the
current grid configuration. Thotakura et al. (2020) evalu-
ated the operational performance of megawatt-scale grid-
connected rooftop solar photovoltaic systems in wet and
dry tropical regions. The researchers used PVGIS, PVWatts,
and PVsyst modelling tools for assessed energy output,
yield factor, capacity factor, performance ratio, and error
matrices. Mekonnen, Bhandari, and Ramayya (2021) used
the HOMER pro tool in combination with PVGIS and PV
Watts to model and optimise grid-connected solar photo-
voltaic power plants in Ethiopia. The system’s technical
performance, as measured by PV GIS and PV Watts, was
virtually identical to that of the Homer pro outputs.
The analysis provided clear guidance to interested target
groups and politicians on the growth of photovoltaic
energy supply choices across the country’s technically
feasible sites. The researcher, however, employed a sepa-
rate bit of software since PVGIS and PV Watts were
confined to assessing the technical feasibility of grid-
connected photovoltaic systems.

Das (2020) displayed evolution for the output power of
the 89.6 kW PV power plant capacity in India. The analysis
was conducted at a 30 min simulation time step resolution
by using experimental weather data for one year. The
results indicated that the ambient temperature has a high
effect on the power plant’s energy production, and they
concluded with a realistic model to assess solar power for
the Indian territories. Another article peppered by AlHa-
keem et al. (2015) is for photovoltaic power forecasting by
wavelet decomposition of the combined temperature and
solar irradiance. The research concluded with a poly-
nomial model based on third-order degree prepared by the
particle swarm optimization algorithm. Almonacid et al.
(2014) used an artificial neural network for PV system
power forecasting. The study concluded the polynomial
model for predicted PV generated power at 1 h accurately
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based on the solar irradiance and PV cell temperature with
root mean square error (RMSE) normalised of 3.39%. Zhang
et al. (2015) investigated four scenarios for the optimum
geographical location of a PV power plant with 495 GW
capacity. The predicting obtained results with RMSE
precision ranging from 1 to 13%.

Environmental variables, especially wind speed and
direction, and ambient temperature have crucial inputs on
PV power forecasting models during simulations and
optimisation processes, in which the wind and PV cell
temperatures are important and interrelated. Low wind
speed and high ambient temperature create significant
uncertainties in the PV models power production at the
same solar irradiance intensity, which is considered the
main factor for dissipating heat and reducing the temper-
ature of PV cells (Jaszczur, Hassan, and Teneta 2018; Reddy
2017; Reddy and Bijwe 2015). Hassan, Jaszczur, and
Przenzak (2017) prepared a mathematical model for fore-
casting solar power with/without the temperature effect
from arbitrary positioning of PV panels. Al-Dahidi et al.
(2019) investigated the wind speed and direction effect on
the solar PV system located on the building roof by using
artificial neural network models for PV Photovoltaic power
forecasting. The results displayed that the wind speed at
8 m/s dropped by about 5° from the PV module cell tem-
perature. A new model for predicting PV cell temperature
by using nominal operation cell temperature was proposed
by Hassan et al. (2016). The model was validated by using
experimental data with RMSE precision <2.3%. Jaszczur
et al. (2019a) and Jaszczur et al. (2020) presented a model
for predicting PV cell temperature using three environ-
mental variables (intensity of solar irradiance, atmospheric
temperature, and wind speed) in addition to the Ross
coefficient, which they used in the simulation process of
their work. The authors used experimental data for all
parameters, in addition to the module cell temperature
during daytime and night. The prepared model displayed
high accuracy prediction, which was validated by RMSE
precision of 2.71%. Raza, Nadarajah, and Ekanayake (2016)
proved the inspection determined that the output PV power
path does not follow the wind speed path exactly. During
the day, the output power of PV systems is at a higher level
compared to the wind speed. As a result, increasing
wind velocity reduces output power; however, no similar
observations were made by others during the same time
period. Therefore, the relationship between the PV output
power and wind speed is matched sometimes but not al-
ways. Schwingshackl et al. (2013) investigated various
methods for evaluating PV cell temperature and identified
wind impact as a key factor. The cell temperature consid-
eration is vital if the PV outputs power from different
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modules types to compare, for each type of PV cell differs in
its response to the temperature change based on cell
technology. As a function of PV cell technology, ambient
temperature and solar irradiance operating variables at the
real operating conditions, Paulescu et al. (2017) modelled
PV cell temperature. Kumar and Sudhakar (2015) used PV
SYST software and solar GIS to compare the performance of
a 10 MW grid-connected solar photovoltaic power plant.
The research gave insight into the optimal site and PV
technology for large-scale solar photovoltaic system
implementation. Imam and Al-Turki (2020) carried out the
study on the use of an on-grid solar system to power the
Cedars hotel in Jordan. The photovoltaic system was con-
structed taking into account the needed electrical demand
and solar energy available. The simulation was conducted
using a photovoltaic geographic information system and
PVsyst and determined that an on-grid solar system was
technically and economically feasible for electrifying res-
idential hotel applications.

Identifying regions of potential solar energy is the
first step to establishing solar power plants. Economic,
environmental and social factors must be taken into
consideration in order to determine suitable sites for solar
power stations. Finding suitable sites for solar power
plants can increase energy storage and reduce the cost of
energy transmission. The geographic information system
with multi-criteria decision analysis approaches has been
used in a very wide application for obtaining the optimum
site for renewable energy applications (Hofer et al. 2016).
Most geographic information systems (GIS) help to find
the potential solar irradiance sites but do not consider the
effect of the environmental variables on the predicted
energy. This leads to the weakness of this methodology
for obtaining the best site to establish solar power
plants because the evaluation is carried out from only
one perspective (Yalcin and Gul 2017). Globally, several
articles used geographical information systems tools for
potential solar irradiance mapping. Assessing the poten-
tial solar radiation sites in Oman, a study prepared by
Charabi and Gastli (2011). The authors used a geographic
information system to obtain optimum sites for solar
power farm construction. Janke (2010) carried out an
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investigation by combining the geographic information
system and multi-criteria decision-making approach for
obtaining the optimum sites of potential solar/wind farms
in Colorado, USA. Uyan (2013) adopted an analytical
hierarchy process method with a geographic information
system to highlight the optimal sites for solar power plant
construction in Konya, Turkey. The authors decided on
the optimal sites based on the assessment of the highest
solar radiation sites. Carrion et al. (2008) have obtained
the optimal locations of the on-grid solar PV installations
in the Huescar region, Spain by using a geographic
information system. The authors have obtained only the
highest potential solar irradiance. Yunna and Geng (2014)
carried out a feasibility assessment by using the hierarchy
process method with a geographic information system
approach to investigate the optimal site for the estab-
lishment of a hybrid renewable energy system consisting
of solar and wind. Tahri, Hakdaoui, and Maanan (2015)
Ouarzazate, Morocco have used the hierarchy process
method with a geographic information system approach.
The authors indexed the optimal sites at the highest so-
lar rations with the highest ambient temperatures, and
they indicated the selection of the optimal site did
not depend on the highest solar irradiance only; most
considered other atmospheric variables. In addition to
the above literature, Table 1 shows additions to research
that investigated the optimal site selection for different
countries by using a different methodology.

In addition to the preceding literature, a review of
the evolution of solar power plants optimal sites is pre-
sented in Ahmed et al. (2020) and Map of Iraq. Although
there were several climates, an adequate number of
constraints and criteria can be used in evaluating po-
tential solar energy in general. This study considers three
criteria (solar irradiance: total, direct, diffuse, ambient
temperature and wind speed) for evaluating the potential
solar energy in 19 Iraqi cities. This proposed investiga-
tion may not be the most innovative, but it has not
been carried out for Iraq before as it is of importance
for wide solar system applications. Thus, these kinds of
investigations are considered to be in the interest of a
wide community.

Table 1: The considered provinces in this study (Behar, Khellaf, and Mohammedi 2013).

No. City Governorate Latitude (V) Longitude (E) Elevation (m)
1 Baghdad Baghdad 33.31 44.36 34
2 Rutba Anbar 33.03 40.28 618
3 Mosul Nineveh 36.34 43.15 223
4 Basra Basra 30.52 47.77 5




DE GRUYTER

Methodology

Iraq is a country located in the Middle East, surrounded by Turkey
(north), Iran (east), Kuwait, Saudi Arabia (south), Jordan, and Syria
(west), with a total area of 437,072 km? as it is located between
longitudes of 30° and 38° North and latitudes 38° and 46° East. It
consists of 18 administrative units called governorates. For each
governorate, there is a capital called the capital of the province. The
thought about investigations in the present work were conducted for
19 cities (governorate capitals) as well as the city Rutbacity. In fact,
Rutba city is located in the western part of Iraq in the Anbar Gover-
norate near the Jordan border, which is the most remote city in the
western part of Iraq. Figure 1 and Table 1 show the entire sites of the
19 cities investigated in current work.

Experimental data collection

The hourly experimental data (solar irradiance, ambient temperature,
and wind speed) for the selected 18 cities has been obtained by the
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Iragi General Authority for Meteorology and Seismic Monitoring as
these were collected from the 1st of January to the 31st of December
2019. According to the difficulties of presenting the results and figures
for each city and in every step of the investigation, there have been
only four main cities: Baghdad (middle east), Rutba (middle west),
Basra (south) and Mosul (north), as can be seen in the green circles on
the map of Figure 2.

Figure 2 (a)-(d) show the daily distribution of solar irradiance
(Direct, Diffuse, and Global) on the horizontal plane, along with the
ambient temperature and wind speed for four selected cities: Baghdad
(middle east), Rutba (middle west), Mosul (north) and Basra (south)
respectively. Table 2 shows the average of the experimental weather
data for the four selected cities for the day of July 04, 2020. The highest
average of the global irradiance has been observed to be in Rutab by
about 8.25 kWh/m?, whereas the lowest irradiance value was found to
be in Basra city by about 4.09 kWh/m? for the selected day. Baghdad
has a yearly average daily irradiance of 4.76 kWh/m? Rutba has a
yearly average daily irradiance of 5.2 kWh/m? Basra has a yearly
average daily irradiance of 4.76 kWh/m? and Mosul has a yearly
average daily irradiance of 4.66 kWh/m?. Furthermore, the average of
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Figure 2: Hourly experimental data (solar irradiance, ambient temperature and wind speed) for four selected cities.

Table 2: The daily average of (solar irradiance, ambient temperature, and wind speed) for the selected sunny day of July 04, 2019 for four

selected cities.

City Global irradiance Direct irradiance Diffuse irradiance Ambient temperature Wind speed

(kWh/m?) (kWh/m?) (kWh/m?) 0 (m/s)
Baghdad 5.06 4.48 1.62 35.9 4.8
Rutba 5.53 4.99 1.38 29.5 4.1
Mosul 4.87 4.56 1.56 31.9 3.1
Basra 5.26 4.69 1.96 23.6 5.8
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Figure 3: The monthly average solar irradiance percentage (global, direct and diffuse) for the four considered cities in 2019.
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Figure 4: The monthly average wind speed and ambient temperature for the year 2019 for four selected cities.
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the highest wind speed has been located to be in Basra, which reaches
5.8 m/s, whereas the lowest value was in Mosul at 3.1 m/s for the
selected day. The avarge of the highest ambient temperature has been
obtained to be 35.9 °C in Baghdad as the lowest value of 29.5 °C was
seen to be in Rutba. This might be explained due to the effect of the
desert surrounding the region on the selected day.

Figure 3 (a)-(d) depict the monthly average solar irradiance
components based on experimental measurements on the horizontal
plane for the year 2019 and the four selected cities: Baghdad, Rutba,
Mosul, and Basra. During the summer months (May-September), the
solar irradiance direct component took the highest value according to
the higher sun’s position in the sky, wherein in winters and precisely
in October-April, the direct component will be at the lowest value. and
vice versa for the diffuse component. The daily yearly average global
solar irradiance has been investigated such that for Baghdad it is
4.79 kWh/m?/day, Rutba is 5.2 kWh/day, Mosul is 4.66 kWh/day
and Basra is 4.7 kWh/day. Within the said territories, the daily

Table 3: Specifications of the selected PV modules (LEORY Solar
Modules).

Brand name: LEORY Output: 5V/18V

Type: monocrystalline sil- Tolerance: +5%

icon cell
Pmax: 300 W Temperature coefficient of
power: —-0.47%/°C
Isc: 3.33 A Nominal operation cell temperature:
48 °C
Voc: 20V Efficiency at STC: 19%
Ipmax: 2.77 A Operate temperature range: —40 to 80 °C
Vpmax: 18 V Size and number of cells:

156 mm*156 mm 72 Pcs/6*12
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yearly average direct solar irradiance is 4.28 kWh/m?/day, Rutba is
4.89 kWh/day, Mosul is 4.16 kWh/day and Basra is 4.29 kWh/day. The
daily yearly average diffuse solar irradiance for Baghdad is 1.33 kWh/
m?/day, Rutba is kWh/m?/day, Mosul is 1.29 kWh/m?/day and Basra is
1.38 kWh/m?/day. Rutba is considered to have the highest global
irradiance and lowest diffuse irradiance, where the lowest global
irradiance for Mosul city can be seen in Figure 3.

The monthly average wind speed and ambient temperature for
Baghdad, Rutba, Mosul, and Basra are presented in Figures 4 (a)
and 5 (d) respectively. The yearly average ambient temperature and
wind speed have been evaluated such that for Baghdad it is 24.1 °C
and 3.28 m/s. Rutba is 19.4 °C, 4.39 m/s, Basra is 26.6 °C, 4.18 m/s
and Mosul is 20.04 °C, 2.86 m/s respectively. Based on the yearly
average of the experimental data presented in Figure 5, the western
part of Iraq has been shown to have the lowest temperature (Rutba
City), while the southern part of Iraq has shown the highest tem-
perature. The highest wind speed was observed to be in the western
part of Irag, while the lowest wind speed was seen to be in the
northern part. According to these considered measurements, it is
possible to predict the best place so as to exploit solar energy. The
preferred place is generally considered to have the highest wind
speed and lowest temperature, regardless of the value of solar
irradiance.

Figure 5 depicts the yearly average solar irradiance, ambient
temperature, and wind speed for four cities. It is observed that the
yearly average highest irradiance is located in the western territories of
Iraq (Rutba city about 5.19 kWh/m?/day), where the lowest value of the
irradiance is located in the northern territories (Mosul about 4.65 kWh/
m?/day). The yearly average temperature is shown in the southern and
middle territories, where Basrais at about 26.06 °C and Baghdad at
about 23.54 °C. The lowest ambient temperature values were observed
to be in the northern territories. The variation of the yearly average
wind speed has been observed in the southeastern restores, such that
Basra is about 3.17 m/s. The lowest average wind speed value has
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Figure 5: The yearly average experimental data (solar irradiance, ambient temperature and wind speed) for four cities.
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been observed to be in the northeastern, such that it was in Mosul at
about 2.23 m/s.

Governing equations

In general, most solar energy system designers use global irradiance
for estimation of the total solar irradiance at different title angles, as
this requires a correlation for decomposition of solar irradiance
components (Direct and Diffuse). In this study, all solar irradiance
components were measured experimentally and no required decom-
position correlations were needed.

The solar irradiance is measured in the horizontal plane, and for
estimation, the power generated by PV modules is required to estimate
the solar irradiance intensity on the oblique surfaces. A model for
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estimating the solar irradiance intensity from arbitrary-positioned PV
modules is authorised by Hassan et al. (2021). Several models have
described the estimation of the total incident solar irradiance at
different tilt angles as shown in (Jaszczur, Hassan, and Palej 2019; Xie,
Sengupta, and Wang 2019). In this study, the Hay and Davies, Klucher,
and Reind] (HDKR) model was considered for this work, which can be
expressed as (Xie, Sengupta, and Wang 2019):

Hy = (Hy + Haay)Ly + Hy(1- an)(@)[l oF sin3(§)]

. H'I(l - cos ﬁ)

. o

where Hy is the total incident irradiance (kW/m?), H, is the direct
irradiance (kW/m?), H, is the diffuse irradiance (kW/m?), H is the
global irradiance (kW/m?), a,, is anisotropy index (-), L, is the ratio of
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Figure 6: The daily power generated by the suggested power plant with/without temperature effect at two positions: (i) annual optimum tilt
angle, (ii) two axis tracking system, for the selected sunny day on July 04, 2019.

Table 4: The daily energy destribution for the selected sunny day of July 04, 2019 for four selected cities.

City Annual optimum tilt angle Two axis tracking system
Energy (temp. Energy (no temp. Energy Energy  Energy (temp. Energy (no temp. Energy Energy
effect) MWh effect) MWh losses MWh losses % effect) MWh effect) MWh losses MWh losses %
Baghdad 94.429 111.561 17.132 18.14 132.190 158.268 26.078 19.72
Rutba 104.184 119.165 14.981 14.37 156.328 182.070 25.742 16.46
Mosul 100.183 116.135 15.951 15.92 146.477 172.399 25.921 17.69
Basra 88.833 110.187 21.354 24.03 118.635 143.623 24.988 21.06
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direct irradiance on the tilted plane to the horizontal plane (-), 8 is the
module tilt angle (°), F is the factor of horizontal brightening (-), 1 is
the ground reflectance (%) and y is the surface azimuth angle (°).

The output power of the PV module/array depends on the total
incident irradiance from all components (Global, Direct and Diffuse).
The PV array output power PV, (kW) without the effect of the ambient
temperature and wind speed can be calculated by the following
equation [60]:

PVp = CPVDPV< HHT > )]
T,STC

where Cpy is the PV array capacity (kW), Dpy is the derating factor of
the PV array (%), Hrsrc is the irradaince at Standard Test Conditions
(STC) which equals to 1 kW/m?.

The PV array output power PV, (kW) with the effect of the
ambient temperature and wind speed can be calculated by Eq. (3)
(Palej et al. 2019):

H
PVp = CPVDPV< HT)STTC

)[1 +U(Te = Te 1)) 3)

where p is the PV cell temperature coefficient of power (%/°C), T, is the
PV cell temperature (°C) and T, sz is the PV cell temperature at STC
which equal (25 °C). Several models have described the prediction of
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PV cell temperature by using different variables, as shown in the
studies (Hassan 2021b; Santiago et al. 2018). Another study has
selected a more advanced model as described by Jaszczure et al.
(Perovi¢ et al. 2017). The model considers three main variables: ross
coefficient, ambient temperature, solar radiation intensity, and wind
speed as follows:

Tc - Tu + THT + e(3.7570,75 Vi) (4)

where Vw is the wind speed (m/s) and 7 is the Ross coefficient factor
(Km?/W) ranged = (0.02-0.056) (Abbas et al. 2021; Ceran et al. 2021;
Hassan 2022; Hassan and Jaszczur 2021; Hassan et al. 2022; Jaszczur
et al. 2019a, 2019b; Jaszczur et al. 2021a, 2021b), T, is the ambient
temperature (°C).

Results and discussion

The simulation process in this work was conducted by
using MATLAB at 1 h resolution by using hourly experi-
mental data presented in Figures 2-5. The selected PV
module specifications are described in Table 3, where the
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Figure 7: The monthly average energy generated at the annual optimum tilt angle and two-axis tracking system with and without temperature

effect.
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array derating factor is considered 90%, where the energy
losses have been reduced by 10% due to wire energy losses,
soiling, snow cover, birds dropping etc. The ground
reflectance presented in Eq. (1) is taken at 20%, and the
value of the Ross coefficient factor is taken at 0.04 Km?/W.

Figure 6 (a) through (d) depict the expected daily
power generated for the selected sunny day of July 04,
2019, with or without temperature effect, for Baghdad,
Rutba, Mosul, and Basra, respectively. The PV modules are
set at two positions: annual optimum tilt angle and two-
axis tracking system. The annual optimum tilt angle at
maximum incident solar irradiance for the whole Iraqi
cities presented by Hassan et al. (2021), for Baghdad
(B =29°), Rutba (8 = 28°), Mosul (8 = 31°) and Basra (8 = 26°),
were the modules’ azimuth angle (y = 0) south-facing
(Hassan et al. 2021). It’s very clear that positioning on the
two-axis tracking system generates energy higher than the
positioning of annual optimum tilt angle. At the same time,
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the degradation energy in the two-axis positioning system
is higher than in the two-axis positioning system.

The highest energy values were found to be in both
positions as the lowest energy losses with the lowest
energy loss percentage was in Rutba City, the lowest energy
in both positions and the highest energy losses with the
lowest percentage was in Basra City. However, it’s very
difficult to decide the optimum solar energy capacity
site according to only one-day results. In fact, at least the
results of one year may show the optimum solar energy
capacity site as shown in Table 4.

Figure 7 (a)—(d) depict the monthly generated energy at
two positions, with and without temperature effects, for
Baghdad, Rutba, Mosul, and Basra, respectively. The rate
of energy production in PV systems increases with
increasing solar irradiance. In comparison, the PV systems
with two-axis tracking generate energy higher than the
yearly title angle PV systems at the same time. The rate of
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Figure 8: The monthly average energy degradation percentage due to the temperature effect at optimum tilt angle and two-axis tracking

system.
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energy degradation is rising due to the increment in the
temperature of solar cells, as energy degradation is higher
than in STC. The results showed that for all Iraqi cities
during the summer, the rate of energy production
increased due to the increment in the amount of solar
irradiance as well as the increment in the daylight summer
hours, but from a different point of view, the energy
degradation increased even more in the winter season. The
results showed that there was a little positive impact in the
winter season through improving the energy production
for all cities located in the northern part of the Iraqi
territories.

The percentage of the monthly average energy losses,
due to the temperature effect, at the optimum tilt angle and
two-axis tracking system for the cities of Baghdad, Rutba,
Mosul, and Basra are presented in Figure 8 (a) and
(d) respectively. The summer months (May-September) see
an increase in energy losses, while the winter months
(October—April) see a decrease. In the northern territories
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of Iraq, the preferable effect of ambient temperature can
help by about 0.89% in Mosul, 1.97% in Dohok, 1.01% in
Erbil and 0.28% in Sulaymaniyah. This has been carried
out for the system with an annual positioning tilt angle,
while for the two-axis tracking system there will be a
generated degradation. In the southern territories, the
ambient temperature is very high during the summer sea-
son, which leads to a deterioration in energy production.
The deterioration in the tracking system is always more
than the deterioration in the fixed positioning.

Figure 9 shows that the largest amount of power can
be produced that ranges between (8000 and 14,000 kW).
This can be carried out when the temperature of the
photovoltaic cells is between (60-75 °C) and there is some
variation between cities in this range. This might be
attributed to the higher amount of solar radiation. The
highest energy value has been evaluated to be in the range
between (16,000-20,000 kW) when the temperature
ranges between (25-35 °C).
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Figure 9: The hourly PV power produced by the visrus PV cell temperature at the optimal tilt angle and two-axis tracking system.
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Table 5: Nineteen cities, the estimated yearly energy generated in MWh with or without temperature effect at the annual optimum tilt angle

and two-axis tracking system.

City Fixed tilt angle

Temp effect

No temp effect p°

Two axis tracking system

Temp effect

No temp effect

Baghdad 31,514.400
Rutba 35,631.500
Mosul 31,801.900
Basra 34,029.500

34,917.400 29
38,591.300 28
34,667.500 31
30,329.000 26

39,051.500
45,892.600
40,196.200
41,979.800

43,789.100
50,490.400
44,490.300
37,016.200
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Figure 10: The annual energy generated from high to low is based on temperature effects for (@) annual optimum tilt angle (a) and (b) two-axis
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Table 5 shows the expected yearly energy generated for
19 cities of Iraq in two positionings (two-axis tracking
system and annual optimum tilt angle) as the annual
optimal tilt angles for Iraq territories prepared by Hassan
etal. (2021). The highest sole energy can be generated in the
Iraqi middle western territories due to the highest solar
irradiance, highest wind speed and lowest ambient tem-
perature (desert regions). Whereas, the expected solar
energy generated in the northern—east will be of the lowest
value, because of the lowest solar irradiance region of Iraq.
The Middle East and southern territories have high solar
irradiance and high ambient temperatures, which lead to
generating high energy losses.

Figure 10 (a) and (b) describe the potential solar irra-
diance, generated solar energy, and energy losses due to
the ambient temperature effects for two considered posi-
tionings (annual optimal tilt angles two-axis tracking sys-
tem) respectively.

The rate of produced energy is evaluated to be of less
value as compared to the cities that have the lowest solar
irradiance. This might be explained by the fact that the higher
temperature of the PV cells will lead to the deterioration of the
energy production. For example, the rate of solar irradiance
in Basra city is high, but the energy degradation is high also.
This might be carried out due to the effect of high tempera-
tures and low wind speed in this city. The annual rate of
energy loss based on the annual tilt angle by about 7.6% for
Rutba, 10.8% for Basra, 8.2% for Mosul and 9.7% for Bagh-
dad, as shown in Figure 10 (a). The annual rate of energy loss
based on the two-axis tracking system is about 9.1% for
Rutba, 10.8% for Basra, 31.4% for Mosul, and 10.8% for
Baghdad, as shown in Figure 10 (b).

Conclusions

With the increasing electric power demand, existing elec-
trical grids should have the capacity to accommodate po-
wer from renewable energy generators. The viability of
energy generated by solar powerplants plays a vital role in
organising relevant information and making decisions for
further improvements in performance. In the present work,
solar energy visibility has been carried out for four cities in
Iraq by using hourly experimental weather data for the
period from January 1st to December 31st of 2019. Three
main experimental weather parameters (solar irradiance,
wind speed, and ambient temperature) were considered for
the evolution of solar energy which can be generated
by using the 20 MW capacity of the solar power plant.
The hourly simulation processes conducted by MATLAB
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represent a numerical method for evaluating the expected

energy for each city individually based on two positionings

(two-axis tracking system and annual optimum tilt angle

orientation). The results demonstrated that the ambient

temperature and wind speed are important parameters that
can play an important role in the rate of solar energy pro-
duction by PV systems, especially in hot countries such as

Iraq. The obtained conclusions from this study can be

expressed as below:

— The daily average expected solar irradiance on the
horizontal plane ranged between (4.87 kWh/m? in
Mosul and 5.53 kWh/m? in Rutha).

— The expected solar energy that can be generated by
using optimal annual positioning adjustment varies
from one city to another.

— The higher energy losses, due to the ambient temper-
ature, percentage was about 13.4% in Basra and the
lower energy losses percentage was about 9.6 in
Mosul.

— The highest potential solar energy has been observed
in the mid-west territories of Iraq, which is considered
the optimal investment and site, as the lowest poten-
tial energy was in the northeast terrorist.

— In the mid-west territories, higher potential solar
radiation, lower ambient temperature, and higher
wind speed can be obtained.

Solar energy systems based on PV panels might not be the
most innovative, but they are still considered to be
important for many industrial applications. Thus, this kind
of investigation takes the interest of a wide community, as
it has not been conducted before for all cities in Iraq.
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