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1. INTRODUCTION

There is increasing demand for electric power as the world becomes more industrialized and reliant
on electricity. At the same time, using traditional fossil fuels such as coal and oil to generate electricity has
contributed to climate change and environmental degradation. As a result, researchers and policymakers are
looking for ways to generate electricity from alternative sources such as renewable energy sources such as
solar, wind, and hydroelectric power [1]-[4]. These energy sources can help reduce our reliance on fossil
fuels, mitigate the risk of declining availability, and reduce the negative environmental impacts of electricity
production [5]-[7].

Iraq is located in the Middle East [8], with a generally sunny and dry climate [9]. The country
receives significant solar radiation throughout the year, particularly in the summer when the sun is highest in
the sky [6], [9]. Solar radiation levels in Iraq can be quite high, with an average daily total of around 6 to
7 KWh/m?2, This makes it a good location for solar energy generation. Solar radiation levels in Iraq can vary
depending on several factors, including the time of year, the altitude of the location, and the presence of
clouds or other atmospheric conditions. In general, solar radiation tends to be higher in the southern and
eastern parts of the country, where the sun is directly overhead for a longer period each day. Solar radiation
tends to be lower in the northern and western parts of the country, where the sun at a lower angle in the sky.

The intensity of solar radiation that falls on a particular location on the earth's surface is one of the
main factors determining the feasibility and efficiency of solar energy production in that location. Solar
panels rely on photons of light from the sun to generate electricity; the more solar radiation available, the
more electricity can be produced. The solar radiation intensity is measured in power per unit area, such as
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watts per square meter (W/m?). The amount of solar radiation that reaches the earth's surface is determined
by several factors, including the distance from the sun, the angle at which the sun's rays strike the earth's
surface, and the presence of clouds or other atmospheric conditions.

Solar radiation intensity can vary significantly depending on the location [10], with higher intensity
levels typically found in sunny, dry regions near the equator [11]. These conditions favor solar energy
production because they allow solar panels to receive high direct sunlight throughout the year. Predicting the
amount of solar radiation available at a particular location is important in determining the feasibility of
building a solar power plant. Several methods can be used to predict solar radiation, including satellite data,
ground-based measurements, and computer models.

Satellite data can be used to measure the amount of solar radiation received at the earth's
surface [12], [13]. This data can create maps showing the average solar radiation levels for different locations
worldwide. Ground-based measurements involve using instruments such as pyranometers and pyrheliometers
to measure the amount of solar radiation received at a specific location. These measurements can be taken
over time to get an accurate understanding of the amount of solar radiation available at a particular location.
Computer models can also be used to predict solar radiation levels. These models use algorithms to simulate
the amount of solar radiation received at a particular location based on the location's latitude, longitude,
elevation, weather patterns, and atmospheric conditions [14]-[18].

In this research, a system was built based on the equations of solar radiation through which the
amount of solar radiation falling on any region of the earth's surface is predicted. The purpose is to study the
effect of changing solar radiation and its impact on the production of electrical energy. Investigating local
case studies is important before proposing the suitability of solar energy installation systems in the targeted area.
The investigation on solar energy based on solar angles is yet available in consideration of case studies of cities
in Irag. Thus, the findings based on these case studies will differ from the existing works in this area.

2. CASE STUDY DATA

The simulation was applied to five Iraqi cities (Baghdad, Nineveh, Basra, Diyala, and Anbar), which
were chosen to represent the center and the four directions (north, south, east, and west), as shown in Table 1.
The results were matched with the data on the NASA website. The international database on the NASA SSE
power project website contains data and information on renewable resources and meteorology from 1981 until
the present [19]. The solar energy data available on this site is used to compare with the findings in this study.

Table 1. Latitude and longitude for case study
Name of cities  Latitude ¢ (degree)  Longitude ¥ (degree)

Baghdad 33.3 44.42
Basrah 30.5 47.8
Nineveh 36.19 43.3
Anbar 33.42 43.19
Dyala 33.74 44.62

3. METHODOLOGY

The methodology assumed in the formation of this research consists of three stages: i) the first stage
is to find a mathematical model using the equations for solar radiation; ii) the second stage is the
implementation of simulations for study cases; and iii) the third stage is to analyze the accuracy of the
performance of the proposed model through some statistical measures. Through the above methodology, the
places that are suitable for building future solar energy projects are determined in the study cases.

3.1. Mathematical model

The value of solar radiation reaching the photovoltaic panels depends on several factors, including
(latitude and longitude, daytime angles, direction of the panels, concentration of gases in the atmosphere,
dust, water vapor, and clouds). Some factors are determined by analytical equations related to solar
engineering. Others are determined by statistical treatments based on the results of long observations of
measurement processes. The proposed model reduces the equipment used to collect solar radiation while
providing data collection with great flexibility.

The declination angle, ¢ of the sun, is the angle between the equatorial plane and the line connecting
the centers of the sun and the earth. The highest inclination value for the angle (+23.45°) and the lowest
inclination value for it (-23.45°) [20], which is a variable angle between these two limits for the number of
days (N) and according to the approximate sinusoidal equation that assumes the year 365 days, as in (1).
The tabulation of the declination angle from January to December, as recommended by [20], [21], is shown
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in Table 2. The plot of the relationship between the declination angle, J, and the number of days in a year, N,
is shown in Figure 1.

360
365

§ = 23.45sin [22 (284 + N)] (%) rad 1)

Table 2. Declination angle for n day based on recommendation [20], [21]
Month n for i-th day of the month  For an average day of the month

date n 5

January i 17 17 -20.9
February i+31 16 47 -13.0
March i+59 16 75 -2.4
April i+90 15 105 9.4

May i+120 15 135 18.8
June i+151 11 162 23.1
July i+181 17 198 21.2
August i+212 16 228 135
September i+243 15 258 2.2

October i+273 15 288 -9.6
November i+304 14 318 -18.9
December i+334 10 344 -23.0
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Figure 1. The relationship between the § and N

The solar hour angle, w is the angular measure of the hour angle of the sun. It can be used to
calculate the time of sunrise, sunset, and other solar events. It is important to note that the solar hour angle is
not the same as the standard time hour, which is based on the rotation of the earth to the sun, whereas one
hour of hour angle corresponds to 15 degrees of angular displacement.

w = (15 * [(time hr — 12 — (Dif GMT) — EoT] + lp)(liso) rad (2)

Where (time hr) is daytime in hours, (Dif GMT) is a different time between Greenwich Meridian and other
locations; for Iraq = 3, ¥ represents longitude in degree, and EoT is the equation of time. Throughout the
year, the Earth's velocity in orbital motion is represented by the time equation, EoT, as shown in (3) and
Figure 2.

EoT = 9.87 sin 23—7.5630cos B-1.5sinB Hours (3)
The value of B is determined by (4).
360 T
B=32(N-81) (=) 4)

The incidence angle, 6, is the angle at which light or other energy waves strike a surface. It is the
angle between the incoming energy and a vertical line to the surface. It describes the direction in which the
energy comes from relative to the surface and can influence how it is absorbed or reflected by the surface.

0 = cos™[(sind.sin¢@.cos B) + (cos§.sing.sinB.cosy.cosw) —
(sind.cos¢.sinf.cosy) + (cos§.sinB.siny.sinw) + (cosd.cos@.cosf.cosw)] rad (5)
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Where ¢ is the latitude angle, f is the slope angle with horizontal for the receiving surface, y is the azimuth
angle of the surface. In this paper, f and y are equal to zero. The zenith angle, 6, is the angle between the
zenith and an object or a point in the sky. The zenith is a point in the sky directly overhead, and the zenith
angle is the angle between the zenith and an object or point in the sky, measured from the vertical. 6, =  for
the horizontal surface. It is calculated by (6).

0, = cos™1[(sin§.sin @) + (cos§.cos ¢ .cos w)] rad (6)
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Figure 2. The relationship between the EoT and N

The zenith angle is used in astronomy and other fields to describe the position of an object or point
in the sky. It is related to the altitude angle, h, which is the angle between the horizon and an object or point
in the sky, measured from the horizontal. The altitude and zenith angles are complementary, meaning their
sum is always 90°.

h=(%) -6, rad )
Using trigonometry's relationships, (7) can be given as (8).
h = sin™1[(sin § .sin ¢) + (cos §.cos ¢ . cos w)] rad (8)

The arrival of solar radiation to the Earth's surface is affected by a few random factors, such as the
diffusion index Kp and the clear sky insolation clearness index K. The clear sky insolation clearness index
measures the amount of solar energy received by the Earth's surface in each location on a clear day. Also, it
is obtained from the NASA SSE database. It is calculated based on the amount of solar radiation received at
the surface, the amount of solar radiation that would be received if the sky were clear, and the atmospheric
conditions that affect the transmission of solar radiation. The clearness index is used to predict the amount of
solar energy solar power systems can generate and assess the feasibility of solar energy projects.

Kr =1 ©
H = K,(Hp) (10)

Where H is the average daily radiation at a horizontal surface, and H,, is the average daily extra atmospheric
insolation at a horizontal surface.

Hy = (25226) (1.+ [0.033 cos (335)])
((sind.sin@. wg) + (cos §.cos ¢ . cos wgs) ) Wh/m? (11)

Where the G is constant = 1367 W/m?; w,, is the angle of the sunset hour defined as (12).

wss = cos™t(—tan g .tan §) (12)
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3.2. Model performance and statistical tests

To evaluate the performance of the proposed model, statistical tests that are commonly used in the
literature are also used in this study. Eight methods were used to analyze and determine the accuracy of the
proposed model. Those are the mean absolute error (MAE) [22], [23], mean bias error (MBE) [22], [24], root
mean square error (RMSE) [23], [25], mean percentage error (MPE) [25], [26], relative percentage error
(RPE) [27], correlation coefficient (r) [28], coefficient of determination (R?) [25], [26], and t-student
distributions (t) [26] tests. The related equations governing all the test methods are shown in Table 3.

Table 3. Statistical methods for determining performance accuracy
Statistical methods Sample Equation The acceptable range of accuracy

n
1
Mean absolute error [22], [23] MAE MAE = ;ZIX,- -Y Smaller value
i=1

1 (-) underestimation
Mean bias error [22], [24] MBE MBE = —ZX,- =Y (+) overestimation
ns (0) exactitude

Root mean square error [23], [25] RMSE  RMSE = Smaller value
n
IN (XY
Mean percentage error [25], [26] MPE MPE = EZ( T ) (100) Range +10
— i
. X— Y,
Relative percentage error [27] RPE RPE = ( ) (100) Range +10

i

T X —X) (Y - Y)

Correlation coefficient [28] r r= ) —, Range 1l
Jz:;l(xi -X) (-1
- I - X)?
Coefficient of determination [25], [26]  R? R*=1- (17_2 Closerto 1
Y -Y)
—_ 2
T-student distribution test [26] t = % Smaller value

n is the month's number per year; i is the analyzed month number; X is the value calculated from the suggestion model as in (10);
Y is the value of reference (from the database of NASA SSE); X and Y are total average yearly radiation.

4. RESULTS AND DISCUSSION

The (1)-(12) were used to construct a solar radiation model that simulates solar energy for five Iraqi
cities, as information included in Table 1. Some inputs that represent the angles of solar radiation were relied
upon, and the data of the clearness index from NASA were used to obtain the daily rate of solar radiation
reaching the horizontal surface to compare the results with the results of the proposed model. The results of
the simulation process for the proposed model are shown in Tables 4 and 5 and Figures 3 to 7. The results
were compared to the data in the NASA database by applying statistical tests in Table 3.

Through Table 4, there is a temporal and spatial variation in the amount of solar radiation due to the
change in the incidence angle of solar radiation, the length of the day and the clearness of the weather, where
solar energy begins to be obtained gradually in the first three months of the beginning of the year. The energy
increases from the beginning of the fourth month until the end of the ninth month, when the maximum
energy value is in the sixth month (8.05, 7.89, 8.2, 8.06, and 7.82). The gradual decline in energy begins in
the last three months of the year.

Based on the annual energy rate, the northwestern region has less energy production than the
central, eastern, and southern regions. Despite this disparity in energy, the study areas are considered to be
energy-abundant areas that enjoy suitable solar radiation rates for constructing electric power plants through
solar energy. From statistical equations (MAE, MBE, RMS, MPE, r, R?, and t) as shown in Table 5, it was
found that the resulting values are among the accepted values, as values were recorded for the Baghdad City
(0.005, -0.01, 0.043, -0.17, 0.9997, 0.999, and 0.394) respectively, and for the Basra City (0.005, -0.005,
0.057, -0.17, 0.9994, 0.998, and 0.284) respectively, for the Nineveh City (0.004, -0.004, 0.045, -0.045,
-0.09, 0.9997, 0.999, and 0.323) respectively, for the Anbar City (0.014, -0.01, 0.049, -0.31, 0.9996, 0.999,
and 0.953) respectively, and the Diyala City (0.031, -0.03, 0.064, -0.77, 0.9997, 0.998, and 1.835),
respectively. The values support the validity and reliability of the proposed model in estimating solar energy
in the study areas.
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Table 4. Comparison of average monthly solar radiation between the model and NASA SSE
Months
Cities Details  Jan Feb Mar  Apr May  Jun Jul Aug Sep Oct Nov  Dec  Yearly
Baghdad Model 365 460 580 684 755 805 7.67 718 600 466 367 328 575
NASA 364 463 585 685 753 798 768 713 6.02 473 373 325 575
RPE 034 -063 -078 -019 033 091 014 076 -039 -1.50 -1.54 0.82
KT 068 069 069 068 068 070 068 069 067 065 065 066 0.68
Basrah  Model 397 481 592 683 744 789 753 703 607 483 403 359 583
NASA 395 485 598 687 748 781 744 697 6.08 494 404 359 583
RPE 045 -077 -095 -055 -0.49 101 122 091 -022 -229 -035 0.01
KT 068 068 068 067 067 069 067 067 066 064 066 066 0.67
Nineveh Model 342 449 582 712 787 820 802 731 599 453 357 308 579
NASA 342 451 590 709 785 822 799 725 6.02 462 357 304 579
RPE 000 -053 -135 037 028 -019 037 087 -053 -1.89 006 146
KT 068 069 069 068 068 070 068 069 067 065 065 066 0.68
Dyala  Model 360 456 577 682 755 806 7.67 717 597 462 363 323 572
NASA 364 463 585 685 753 798 768 713 6.02 473 373 325 575
RPE -1.03 -161 -135 -043 031 099 -011 061 -083 -233 -279 -0.70
KT 068 069 069 068 068 070 068 069 067 065 065 066 0.68
Anbar  Model 359 452 571 673 744 782 756 687 572 451 360 321 561
NASA 358 455 579 678 739 780 748 690 578 456 365 319 562
RPE 015 -062 -1.36 -071 072 031 103 -045 -1.02 -1.20 -1.28 0.75
KT 067 068 068 067 067 068 067 066 064 063 064 065 0.66
Table 5. Statistical methods result
Statistical methods
Cities MAE MBE _RMS MPE r R? t
Baghdad 0.005 -0.005 0.043 -0.17 0.9997 0.999 0.394
Basrah ~ 0.005 -0.005 0.057 -0.17 0.9994 0.998 0.284
Nineveh  0.004 -0.004 0.045 -0.09 0.9997 0.999 0.323
Dyala 0.031 -0.031 0.064 -0.77 009997 0998 1.835
Anbar 0.014 -0.014 0.049 -0.31 09996 0.999 0.953

Figures 3 to 7 illustrate the comparison of the results between the proposed model and NASA's data
for the study areas (Baghdad, Basra, Nineveh, Diyala, and Anbar), respectively. The solar radiation (in
kwWh/m?/day) was presented throughout the year. We observe a significant agreement between the proposed
model and the actual data from all the figures. The overall agreement between the proposed model and the
actual data indicates that the model accurately estimates solar radiation in all study areas. It also indicates that
Irag enjoys abundant solar energy, with an average radiation quantity estimated to be more than 5.5
(kWh/m?/day). The highest solar radiation occurs during the hottest months, July and August. The lowest
solar radiation occurs during the coldest months, January and February. The proposed model can be used to
obtain solar radiation data to guide the planning of solar energy projects in Irag. Additionally, this data can help
identify optimal locations for installing solar panels and determine how much solar energy can be generated.

b w [=3] ~ o] ©w

Solar radiation (KW-hr/m2/day)

w

Baghdad

Month

------- Model

NASA

10 11

12

Figure 3. Comparison of the proposed solar radiation model results with NASA for Baghdad City
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Figure 4. Comparison of the proposed solar radiation model results with NASA for Basrah City
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Figure 6. Comparison of the proposed solar radiation model results with NASA for Dyala City
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Figure 7. Comparison of the proposed solar radiation model results with NASA for Anbar City

5. CONCLUSION

Solar energy-based electricity production projects are important, but they have a high initial cost in
design and construction. A system was developed in this study to predict the amount of solar energy reaching
the study areas. The system used solar radiation angle equations to calculate the amount of solar radiation
reaching the study area's horizontal surface. The Excel environment simulated these angles to display the
results for all days of the year. Some statistical processes were used to test the system's reliability. The results
demonstrated the system's accuracy in predicting the amount of solar radiation reaching the study areas, as
evidenced by the clear convergence of the results with NASA data. The proposed system's data can be used
in solar energy simulation systems.

ACKNOWLEDGEMENTS

The Ministry of Higher Education Malaysia supports the work via the Fundamental Research Grant
Scheme: FRGS/1/2019/TK04/USM/02/12.

REFERENCES

[1] Y. Men et al., “Energy, exergy, economic and environmental analysis of a solar-driven hollow fibre membrane dehumidification
system,” Renewable Energy, vol. 217, p. 119109, Nov. 2023, doi: 10.1016/j.renene.2023.119109.

[2] Z.Xu, T. Zhang, X. Li, and Y. Li, “Effects of ambient temperature and wind speed on icing characteristics and anti-icing energy
demand of a blade airfoil for wind turbine,” Renewable Energy, vol. 217, p. 119135, Nov. 2023, doi:
10.1016/j.renene.2023.119135.

[3] T. Louossi, F. K. Mbakop, A. Dadje, and N. Djongyang, “Modeling of an electrical energy switching system in multisource
power plants: the case of grid connected photovoltaic and wind power systems,” Journal of Renewable Energy, vol. 2022, pp. 1-
15, Nov. 2022, doi: 10.1155/2022/9972334.

[4]  S.R. Yanala, M. S. Kumari, S. Maheswarapu, and M. M. Rao, “Evaluation of flexibility assessment indices upon flexible loading
of thermal power plants with high penetration of renewables,” International Journal of Applied Power Engineering (IJAPE), vol.
12, no. 1, pp. 109-118, Mar. 2023, doi: 10.11591/ijape.v12.i1.pp109-118.

[5] M. Xiao, Z. Yu, and Y. Cui, “Evaluation and estimation of daily global solar radiation from the estimated direct and diffuse solar
radiation,” Theoretical and Applied Climatology, vol. 140, no. 3-4, pp. 983-992, May 2020, doi: 10.1007/s00704-020-03140-4.

[6] M. K. S. Al-Ghezi, B. K. Mahmoud, T. M. A. Alnasser, and M. T. Chaichan, “A comparative study of regression models and
meteorological parameters to estimate the global solar radiation on a horizontal surface for Baghdad City, Iraq,” International
Journal of Renewable Energy Development, vol. 11, no. 1, pp. 71-81, Feb. 2022, doi: 10.14710/ijred.2022.38493.

[7]1  A. Parida and B. Lomdak, “Optimum-cost-based renewable energy chart considering micro-hydro, solar-PV, and hybrid systems
using HOMER suitable for eastern Himalayan regions of India,” International Journal of Applied Power Engineering (IJAPE),
vol. 12, no. 2, pp. 126-135, Jun. 2023, doi: 10.11591/ijape.v12.i2.pp126-135.

[8] W. H. Hassan and F. S. Hashim, “The effect of climate change on the maximum temperature in Southwest Iraq using HadCM3
and CanESM2 modelling,” SN Applied Sciences, vol. 2, no. 9, p. 1494, Sep. 2020, doi: 10.1007/s42452-020-03302-z.

[91 A.Z. Abass and D. A. Pavlyuchenko, “Southern Iraq gas station conversation to integrated solar combined cycle,” in E3S Web of
Conferences, Sep. 2019, vol. 114, p. 05008, doi: 10.1051/e3sconf/201911405008.

[10] S. Gorjian, H. Sharon, H. Ebadi, K. Kant, F. B. Scavo, and G. M. Tina, “Recent technical advancements, economics and
environmental impacts of floating photovoltaic solar energy conversion systems,” Journal of Cleaner Production, vol. 278, p.
124285, Jan. 2021, doi: 10.1016/j.jclepro.2020.124285.

[11] U. Sevilmis, “The atmospheric conditions of hot and mild deserts to be geoengineered,” Short Communication, 2020, doi:
10.31730/osf.io/r8gxz.

Estimation of solar energy based on solar angles: cities of Iraq ... (Munther Mohamed-Abdulhussein)



636

a ISSN: 2252-8792

[12] G. Huang et al., “Estimating surface solar irradiance from satellites: Past, present, and future perspectives,” Remote Sensing of
Environment, vol. 233, p. 111371, Nov. 2019, doi: 10.1016/j.rse.2019.111371.

[13] R. Miiller and U. Pfeifroth, “Remote sensing of solar surface radiation — a reflection of concepts, applications and input data based
on experience with the effective cloud albedo,” Atmospheric Measurement Techniques, vol. 15, no. 5, pp. 1537-1561, Mar. 2022,
doi: 10.5194/amt-15-1537-2022.

[14] S. Roy, S. C. Panja, and S. N. Patra, “An embedded system to measure ground-based solar irradiance signal,” Measurement, vol.
173, p. 108598, Mar. 2021, doi: 10.1016/j.measurement.2020.108598.

[15] V.P. Singh, V. Vijay, B. Ravindra, S. Jothi Basu, and D. K. Chaturvedi, “Ground-based measurement for solar power variability
forecasting modeling using generalized neural network,” in Systems Thinking Approach for Social Problems. Lecture Notes in
Electrical Engineering, 2015, pp. 49-61, doi: 10.1007/978-81-322-2141-8 5.

[16] A. Ayaz, F. Ahmad, M. A. A. Irfan, Z. Rehman, K. Rajski, and J. Danielewicz, “Comparison of ground-based global horizontal
irradiance and direct normal irradiance with satellite-based SUNY model,” Energies, vol. 15, no. 7, p. 2528, Mar. 2022, doi:
10.3390/en15072528.

[17] F. Orte, A. Lusi, F. Carmona, R. D’Elia, A. Faraminan, and E. Wolfram, “Comparison of NASA-POWER solar radiation data
with ground-based measurements in the south of South America,” in 2021 XIX Workshop on Information Processing and Control
(RPIC), Nov. 2021, pp. 14, doi: 10.1109/RPIC53795.2021.9648428.

[18] P. G. Kosmopoulos et al., “Assessment of surface solar irradiance derived from real-time modelling techniques and verification
with ground-based measurements,” Atmospheric Measurement Techniques, vol. 11, no. 2, pp. 907-924, Feb. 2018, doi:
10.5194/amt-11-907-2018.

[19] NASA, “Prediction Of worldwide energy resources (POWER),” National Aeronautics and Space Administration, 2021.
https://power.larc.nasa.gov.

[20] J. A. Duffie, W. A. Beckman, and N. Blair, Solar engineering of thermal processes, photovoltaics and wind. New Jersey, USA:
John Wiley & Sons, 2020.

[21] S. A. Klein, “Calculation of monthly average insolation on tilted surfaces,” Solar Energy, vol. 19, no. 4, pp. 325-329, 1977, doi:
10.1016/0038-092X(77)90001-9.

[22] M. Despotovic, V. Nedic, D. Despotovic, and S. Cvetanovic, “Review and statistical analysis of different global solar radiation
sunshine models,” Renewable and Sustainable Energy Reviews, vol. 52, pp. 1869-1880, Dec. 2015, doi:
10.1016/j.rser.2015.08.035.

[23] D.S. K. Karunasingha, “Root mean square error or mean absolute error? Use their ratio as well,” Information Sciences, vol. 585,
pp. 609-629, Mar. 2022, doi: 10.1016/j.ins.2021.11.036.

[24] D. Wagenaar et al., “Improved transferability of data-driven damage models through sample selection bias correction,” Risk
Analysis, vol. 41, no. 1, pp. 37-55, Jan. 2021, doi: 10.1111/risa.13575.

[25] M. H. Soulouknga, R. Z. Falama, O. O. Ajayi, S. Y. Doka, and T. C. Kofane, “Determination of a suitable solar radiation model
for the sites of Chad,” Energy and Power Engineering, vol. 09, no. 12, pp. 703-722, 2017, doi: 10.4236/epe.2017.912045.

[26] S. A. Khalil, “Performance evaluation and statistical analysis of solar energy modeling: a review and case study,” Journal of the
Nigerian Society of Physical Sciences, vol. 4, no. 4, p. 911, Oct. 2022, doi: 10.46481/jnsps.2022.911.

[27] A. A. El-Sebaii, F. S. Al-Hazmi, A. A. Al-Ghamdi, and S. J. Yaghmour, “Global, direct and diffuse solar radiation on horizontal
and tilted surfaces in Jeddah, Saudi Arabia,” Applied Energy, vol. 87, no. 2, pp. 568-576, Feb. 2010, doi:
10.1016/j.apenergy.2009.06.032.

[28] H.Li, W. Ma, Y. Lian, and X. Wang, “Estimating daily global solar radiation by day of year in China,” Applied Energy, vol. 87,
no. 10, pp. 3011-3017, Oct. 2010, doi: 10.1016/j.apenergy.2010.03.028.

BIOGRAPHIES OF AUTHORS

Munther Mohamed-Abdulhussein & Ed 2 was born in Iraq in 1978. He received his
B.Sc. degree in Electrical Engineering from Babylon University Iraq in 2005. He obtained his
M.Sc. degree in mechatronics and automatic control Engineering from Universiti Teknologi
Malaysia (UTM) in 2014. He was a lecturer at the Department of Electrical Techniques,
Technical Institute Kufa, AL-Furat Al-Awsat Technical University, from 2006-2023. He is a
Ph.D. student at the School of Electrical and Electronic Engineering, Universiti Sains
Malaysia. His research interests are smart control systems, automation control systems, and
microcontroller applications. He can be contacted at email: munther78@student.usm.my.

Rosmiwati Mohd-Mokhtar © B Ed © received her B.Eng. degree with honours and the
M.Sc. in Electrical and Electronic Engineering from Universiti Sains Malaysia in 1999 and
2002, respectively. She received her Ph.D. in Electrical Engineering from the Royal
Melbourne Institute of Technology University, Australia, in 2008. She joined the School of
Electrical and Electronic Engineering, Universiti Sains Malaysia, in October 2008. She is an
associate professor and Deputy Dean of Academics at the School of Electrical and Electronic
Engineering, USM. She is also a Chartered Engineer (C.Eng.) of the UK Engineering Council,
Professional Engineer (P.Eng.) of the Board of Engineers Malaysia (BEM), Senior Member of
the Institution of Electrical and Electronics Engineers (SMIEEE), member of the Institution of
Engineering and Technology (MIET) and a member to Institution of Engineers Malaysia
(MIEM). Her research interests include system identification, advanced control system design,
process modelling, process optimization, mechatronics applications, and underwater system
applications. She can be contacted at email: eerosmiwati@usm.my.

Int J Appl Power Eng, Vol. 13, No. 3, September 2024: 628-636


https://orcid.org/0000-0003-4678-7403
https://scholar.google.com.au/citations?hl=en&user=iDsis3kAAAAJ
https://orcid.org/0000-0002-9266-4431
https://scholar.google.com/citations?user=ZGvq_oYAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=14626549100

