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 Solar energy is one of the most important and versatile 
renewable energy sources available. The importance of 
photovoltaic systems has increased in recent years in the 
majority of the world, as it is a clean, reliable, and 
sustainable energy source. This paper presents the designing 
of 10MW On-grid solar plant under Duhok weather 
conditions (annual solar radiation & temperature). The 
design of the plant consists of ten units of 1MW each, 
(connected in parallel) to a 33 KV, 50 Hz distribution feeder 
through a 2MVA step-up transformer each unit. The study 
contains investigation of finding the optimal solar panel tilt 
angle, estimation of solar irradiance in Duhok city as case 
study, and evaluation of an important system parameters 
(all types of losses, system performance, energy yield, 
system efficiency and environmental effect), with aid of 
Matlab program. It was concluded from the results obtained 
from the programs, that Duhok city has a good location to 
establish a large-scales of solar photovoltaic plants. 
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1. Introduction 
Nowadays, a new renewable energy had been introduced and used commonly in 
the systems of distribution generation. This energy is known as the Solar 
Photovoltaic (SPV) energy. The flourishment of the SPVs technologies and their 
applications in the systems of grid-connections proved their efficiency in producing 
a multipurpose electricity with the property of being environmentally safe (Myneni, 
et al., 2019). During the recent decades, the electrical power demands have been 
increased continuously due to several reasons like population growth. Furthermore, 
the electric power plants use fossil fuels which is capable of being depleted and can 
be polluting the environment (Ali, et al., 2019). 
As a result, the technologies in this field have advanced and diversified, and this is 
evident through the latest methods and software releases that are involved in 
building and designing these projects. 

The province of Duhok has witnessed an increase in demand for electrical energy 
due to rapid population growth in recent twenty years ago due to the migration of 
displaced people and the lack of sufficiency of traditional stations in producing and 
compensating the energy shortages. Hence the idea came to present a study 
regarding the city of Dohuk as case study and the possibility of establishing solar 
energy stations there according to its geographical location and weather conditions 
and the extent of the success of such a project under these conditions. From the 
results obtained from this study, it can be determined whether the city of Dohuk is a 
good environment for such a project or not, as this depends on its location and 
climatic conditions like rates of solar radiation and temperature variations. So, the 
precise aim of this study is to identify whether the 10 MW project’s design is 
successful in Duhok or not, which is the focus of the problem of this study. 

Therefore, the contribution of this paper (which is the proposed solution) is, 
designing a large-scale solar plant with specifications that suit the conditions of the 
city of Dohuk, then investigating this project and studying the extent of its success 
by evaluating efficiency and performance by using some traditional and common 
parameters and standards that are specific to this specialty. 
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2. Literature Review 
There are many and different methods for designing large scale grid-connected solar 
PV systems, depending on the conditions of the region, the type of software used, 
the amount of energy needed to be generated, and types of devices and 
components used. This section presents the work reported in the literature on 
various types of them. 
(Alnoosani, et al. 2019) presented the grid-connected design of a solar PV system of 
100 MW in university of Um Al-Qura in Kingdom of Saudi Arabia. They also offered a 
special analysis for the economic and performance of the PV system. The design was 
achieved by using PVSYST Simulink program to find the optimum system size, 
generation capacity and the other specifications of the system. 

This study was accomplished in a Ghanaian university, and it is proposed to add 
some improvements to the standard procedure that is depended in designing the 
grid-connected solar PV power plants by the use of RETScreen software in order to 
design 1 MW at KNUST. This idea has been put in application in the building’s roofs 
and parking garage, (Kumi & Hammond, 2013). 

(Myathari, et al., 2020) presented a design similar to the PV system, it was 
connected to a grid of 9 MW for providing an Indian village which was set at a 
geographical location of (17.25_N, 77.55_E). This required a complete generating 
unit combined with the SAM software package (Process Advisor Model). These runs 
results were contributed to the 9 MW PV process’s final parameters. 

The research purpose of (Hindocha & Shah, 2020) was aiming to develop a 
convectional procedure for designing a large-scale of (50MW) solar PV systems on a 
grid mode by using the software of PVSYST as well as the AutoCAD program. It is 
noteworthy that the output of the system was also imitated using the same 
software with a design of plant layout. In addition, a substation was accomplished 
by using the AutoCAD to transmit it to 132Kv Busbar. All of the standard measures 
were used.  
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This article represents a (10 MW) solar photovoltaic plant performance analysis, 
which was installed in Eastern Uganda, specifically in the City of Soroti. The data 
related to the energy production of this solar power plant were collected through 
the period of over three years between (January 2017 - December 2019), it was 
followed by an analysis depended on an IEC standard 61724-1. The results showed 
that the project’s performance ratio was about (75.84%), (Oloya, et al. 2021). 

(Kumar, et al., 2022) In this research under Louisiana climate, a comparison along 
with a performance analysis of three PV technologies were executed. In 2018, the 
University of Louisiana at Lafayette created a (1.1 MW) solar PV power plant in 
order to investigate the solar power in south of Louisiana as well as providing the 
university with a partial energy demand. The different technologies evaluation was 
depending on the ratio of performance, final yield, and on the factor of capacity for 
one year starting from (September 2019 to August 2020). The levelized cost of 
energy was used to accomplish the economic analysis for the three PV technologies. 

The following research (Palm, et al., 2023) is concerned about the study of the 
performance’s in-depth analysis of the largest Grid-Connected Solar Photovoltaic 
System, it was performed in Burkina Faso during two years (2019 - 2021). The paper 
used the measured data and simulated the plant’s performance by utilizing the 
database of PVGIS. The final results recorded that the ratio of the system’s 
performance was ranging between (80.73% in 2019 - 79.36% in 2021). 

(Kumar & Sudhakar, 2015) This study involved two aspects related to the solar PV 
plant which are the design and the annual performance in which the calculations of 
the numerous power losses types such as internal network, temperature, power 
electronics and the grid connection in addition to the ratio of performance were 
performed. The plant presented results were also compared with the simulation 
values gained from both the PV syst and PV-GIS software. The plant final yield (YF) 
was ranged from (1.96) to (5.07) h/d, and the annual performance ratio (PR) record 
was 86.12%. 
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Connecting a PV system to the grid has an impact which are being studied by this 
article, (Sreedevi, et al., 2016). It depended on the simulation of the system by using 
the (RSCSD) software in the real time on the Real Time Digital Simulator (RTDS). The 
grid connected PV system’s Performance Ratio (PR) was evaluated for the 
determination of the PV system accuracy and grid connectivity. 

This paper was presented by (Bano & Rao, 2016). It was concerned about the grid 
connected SPV power plant of L&T construction. The capacity of the power plant 
was about (1 MW) and it has been in operation since March 2012. The authors have 
had evaluated the performance in this study and calculated the performance 
parameter (PR) depending on three different methods: the PVSYST, Excel sheet and 
the System Advisory Model (SAM). 

The aim of this paper is to investigate the features of 22 PV plants in Italy and 
evaluate their geographical and installation typology effects on the computed PR. 
The study used three different PR standards formulas which are applied and 
compared on two different cases. In addition, the test plant performance was 
located at Politecnico di Milano for three years (2017 - 2020). The standard PR was 
raised from 70 % to 88 %, (Ogliari, et al., 2023). 

In this paper (Ramoliya, 2015), an evaluation of the performance and suggestion of 
the simulation of a grid-connected solar PV system using the computer software 
package PVSYST was performed. The study involved the calculation of the 
performance ratio and the types of power losses. The results revealed the 
discussion about the possibility of installing (1 MW) solar PV power plant at 
geographical location shapur, Gujarat. 

The aim of presented article (Khan, et al., 2021), is the comparative analysis 
performance of (1MW) grid-connected PV power plant for the industry of silver star 
at Sialkot depending on the technology of fixed and seasonal tilt angles. The daily 
record of the solar radiation average at the plant site is (4.55 kWh/m2). While, the 
annual temperature average is (25.18℃). The certain PV power plant measured 
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results were compared with those attained by simulations application at the fixed 
and the seasonal tilt angles by the use of PVsyst software. 

This study proposed a simulated Photovoltaic System with grid-connection of 
(10MWp), including its performance analysis and assessment under the 
Mediterranean climate of Alexandria, Egypt using the simulation tool of PVsyst. The 
designed of Photovoltaic plant was made specifically to accomplish the highest 
possible performance. The system’s performance ratio recorded (84%) with the use 
of polycrystalline module type, while a ratio lesser than that by (1%) has been 
reached when using the monocrystalline ones, (Ibrahim, et al., 2022). 

This research suggested an early database performance analysis for the PV system. 
The time series of the performance were collected within the European funded 
COST Action PEARL PV. The study included consistent monitoring of the database of 
over 8400 PV systems with associated metadata. It is noteworthy, that the PV plants 
representing small residential systems which are installed mainly in Europe, and the 
higher density is based in Belgium. This study determined and evaluated the annual 
ratio of the average performance, the energy yield, and the loss rate of the systems 
performance, (Lindig, et al., 2021). 

The main objective of this research (Elshafei, et al., 2021) was offering a 
development for the standard procedure in order to design a floating PV energy 
system at the location of the Lake Nasser’s surface for the purpose of producing a 
solar energy. The simulation performance of the connected solar PV system was 
performed with the design of large-scale system using the application of PVSYST 
software. The same software was used for the technical performances. 

It is possible to summarize the results of the literature mentioned and make a 
comparison to one of the most important parameters that evaluate the efficiency 
and performance of the system. Performance ratio (PR %) finds the extent of the 
project’s success, it is one of important criteria to evaluate the achievement of Large 
Scale Solar Photovoltaic Power Plant. Table (1) shows that. 
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                     Table (1): Comparison of some values of performance ratio.  

 

 

 

 

 

 

3.Methodology 
Design of this project depends primarily on the location and the details of its 
conditions, the size and capacity of the station required to be built, as well as the 
types and number of devices and components used. But the problem is how to 
select the best design fits with the location of installation and other conditions 
resulting to acceptable outputs. The research method was summarized in the 
following steps: 
1- Collecting data related to the climatic conditions of the city from the 
meteorological directorate of Duhok. 
2- Collecting data related to the national electricity network from Dohuk Electricity 
Directorate to determine the extent of the possibility of connecting solar stations. 
3- Correspondence with international companies to learn about the latest types of 
devices and equipment and find out which ones are most suitable for the proposed 
design. 
 

No. Author Name Published   
Year 

SoŌware or Method used  
for designing 

PR % 

1 Alnoosani 2019 PVSYST 78 
2 Kumi 2013 RETScreen 73.4 
3 Myathari 2020 SAM 75 
4 Hindocha 2020 PVSYST 80.7 
5 Oloya 2021 IEC standard 61724-1 75.84 
6 Kumar 2022 SAM&PVSYST 79 
7 Palm 2023 PVGIS-SARAH2 80.73 
8 Sudhakar 2015 PVSYST 86.12 
9 Sreedevi 2016 RSCAD 71.2 

10 Bano & Rao 2016 SAM&PVSYST 78.8 
11 Ogliari 2023 MATLAB 88 
12 Ramoliya 2015 PVSYST 76.4 
13 Khan 2021 PVSYST 76.5 
14 Ibrahim 2022 PVSYST 84 
15 Lindig 2021 COST AcƟon PEARL PV 76.7 
16 Elshafei 2021 PVSYST 72.4 
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4- Finding the best tilt angle for solar panels with the help of MATLAB software. 
5- Finding solar radiation rates with the help of MATLAB software. 
6- Designing the station by selecting the equipment and devices that suit the 
situation, based on the basic and traditional mathematical equations in this field 
and also on the ideas and experience of previous research that dealt with this topic. 
7- Calculating the various losses for the proposed station because they are included 
in other subsequent calculations with the help of the MATLAB software. 
8- Evaluating the efficiency and performance of the system, the amount of energy 
produced, and the environmental impact of this station (annually and over 25 years 
of the project’s life) using a program in MATLAB that author designed for this 
purpose. 
 

4. Calculations of Solar Radiation 
Solar radiation is defined as energy emitted quantity of the sun divided by per unit 
area of the surface. Simply the two steps are followed: 
 
4.1 Finding the optimal tilt angle 
The calculation of the optimal tilt angle can be achieved by two parameters, 
geographical latitude of the location (L) (table 2) and the solar declination angle (δ), 
which is given by the equation (Duffie & Beckman, 2013): 
                                          δ= 23.45 sin [(360/365) (N+284)] ………………. (1) 
where; N is the sequence of the day in the year. 
The optimal tilt angle is (Zank, et al., 2016): 

                                                                   𝛽௧ = 𝐿 − 𝛿 ………………... (2) 

4.2 Finding the Solar Radiation 
The solar radiation meteorological stations' readings related to the horizontal plane 
surface placed at level of the Earth, therefore to increase the value of radiation and 
reduce reflection losses, the solar modules should be installed at angle called tilt or 
slope angle. Therefore, designers need to know the data of solar radiation that falls 
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on titled surfaces. The radiation’s fall illustrated in figure (1) shows for the two 
cases, on the horizontal and tilted surfaces. 

 

Figure (1): The incident solar radiation on two surfaces, tilted and horizontal. 

The geometric factor 𝑅, expresses the proportion of the incident radiation on the 
tilted surface divided on that of the horizontal ones, which is calculated in the 
following formulas: 

                                               𝑅 =
ீಳ

ீಳ
=

ீಳ ୡ୭ୱ ఏ

ீಳ ୡ୭ୱ
=

ୡ୭ୱ

ୡ୭ୱ ః
        …………………. (3) 

                                                            𝐺௧ =  𝑅 × 𝐺              …………………… (4) 

Where; 𝐺௧: incident radiation on a tilted surface, 𝐺 is hourly global solar radiation 
intensity in clear undimmed sky on a horizontal plane surface, neglecting the 
components of reflection, 𝐺 (W/m2) is presented as: 

                                                      𝐺 = 𝑅  0.7బ.లళఴ
     ……………………………. (5) 

m represents air mass which the ratio of the atmosphere’s mass from which the 
radiation beam passes through to reach the mass would pass through if the sun was 
at its zenith position that’s to say directly overhead, it is showed as: 

                         𝑚 = [1229 + (614 cos 𝛷)ଶ].ହ − 614 cos 𝛷     ……………… (6) 
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Where; 𝜱: is the angle of incident on a horizontal surface (zenith angle), which 
represents the angle formed between the beam and the normal on the horizon, and  
𝑅 is the extraterrestrial irradiance on a horizontal surface, obtained from: 

                                        𝑅 =  𝑅ௌ[1 + 0.033 cos
ଶగ

ଷହ
] cos 𝛷 ………………… (7) 

Where; 𝑅ௌ  is the solar constant and equals to 1.367 kJ/𝑚ଶ.S, N is the day no. of the 
year, 𝜱 is the incident angle on a horizontal surface which is defined as (zenith 
angle), and we can calculate it from the equation: 

                                      cos 𝛷 = cos 𝐿 cos 𝛿 cos 𝐻 + sin 𝐿 sin 𝛿   ……………... (8) 

From Eq. (3), θ is the incident angle on a tilted surface which is taken from (Duffie & 
Beckman, 2013): 

cos 𝜃 = sin 𝛿 sin 𝐿 cos 𝛽 − sin 𝛿𝑐𝑜𝑠𝐿 𝑠𝑖𝑛 𝛽 cos 𝛾 + cos 𝛿 cos 𝐿 cos 𝛽 cos 𝐻 +

cos 𝛿 sin 𝐿 sin 𝛽 cos 𝛾 cos 𝐻 + cos 𝛿 sin 𝛽 sin 𝛾 sin 𝐻     ………………………… (9) 

where; γ is the azimuth angle and H is the hour angle obtained from: 

                                  H = 15 (12 - LT) …………………………………………... (10) 

LT is the daily local solar time which obtained from the equation: 

                           𝐿𝑇 = 𝐿𝑆𝑇 +
ா்


+

ସ(ೄିಽ)


 ………………………………… (11) 

Where; LST is local standard time, 𝐿ௌ: standard meridian for the local time zone, 𝐿: 
longitude of the region, and ET is the time equation calculated by: 

                 𝐸𝑇 = 9.87 sin 2𝐷 − 7.53 cos 𝐷 − 1.5 sin 𝐷 ……………… (12) 

    Where; D = 360 (N – 81) / 365 ………………………………………………. (13) 

Two codes in Matlab software have been improved to evaluate first the optimum 
tilt angle, then the solar irradiance on a sloped modules under climate conditions of 
Duhok city. The flowcharts of the two codes are shown in figure (2) & figure (3) 
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respectively, with required data shown in table (2). The results of the first program (

δ& 𝛽ை௧௨) will be input data for the second one. 

 

 

                       

 

 

 

 

 

 

                     Figure (2): Evaluation of declination and optimum tilt angles. 

 

Table (2): Meteorological data of the Meteorological Directorate of Duhok city. 

Latitude of Duhok (L) 36.5° 
Longitude of Duhok (𝐿) 43° 
Standard meridian (𝐿ௌ) 45° 
Local standard time (LST) 1 to 24 hours 
Azimuth angle (γ) zero 
Tilt setting type Fixed 

 

 

 

Start 

Read input data: 
Latitude of the location (L) 

For N = 1: 365 days 

Find Declination angle (δ) 

END 

Calculating of tilt angle 
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       Figure (3): Estimation solar irradiance at any location in each month in year. 

 

5. Choosing of the Main PV System Parts 
Selection of the solar plant’s main parts carefully, which constitute the largest costs, 
is very important in the evaluation calculations required to establish such a project, 
they are solar panels and inverters. 
 

Star

Read input data                        
(𝜹), (𝜷) 

For N = 1: 365 days 

Time Equation (ET); 
Local solar time (LT); 

And then hour angle (H) 

Find Geomatic factor ( 𝑹𝒃 ) Find zenith angle ( 𝜱 ) 

Find Extraterrestrial irradiance ( 𝑹𝒂 ) 
Air Mass (m) 

 Find the solar radiation on a horizontal surface ( 𝑮𝑩 ) 

Find solar radiation on a tilted surface ( 𝑮𝑩𝒕 ) 

END 
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5.1 Solar PV Panels 
Several aspects that effect on the selection of the type of panel such as mechanical 
and electrical specifications, climate conditions of the location, capital cost and the 
area that will be used to such project. Based on the foregoing, the panel that was 
chosen to be used in the completion of the station is to get the best efficiency at 
high temperatures at the lowest possible cost (Stapleton & Neill, 2012). (AMA 
technology LP182*182-M-72-NH N-Type 585 Wp, German brand) module has been 
selected in this study, which is commonly used in the middle east countries as 
shown in table (3): 
 
                             Table (3): Module Features and Characteristics. 

Electrical Parameters at STC 
Maximum power (𝑃௫) 585 W 
Open Circuit Voltage (𝑉ை)  51.67 V 
Short Circuit Current (𝐼ௌ)  14.16 A 
Maximum power voltage (𝑉) 43.08 V 
Maximum power current (𝐼) 13.58 A 
Module Efficiency 22.10 % 

Temperature Characteristics 
Nominal Module Operating Temperature 41 ± 3℃ 
Temp. Coefficient of (𝐼ௌ) +0.046% / ℃ 
Temp. Coefficient of (𝑉ை)  -0.25% / ℃ 
Temp. Coefficient of (𝑃௫) -0.30% / ℃ 

Maximum Rating 
Maximum System Voltage 1500 V 
Output Tolerance 0 ~ + 5 W 
Operating Temperature -40℃ ~ + 85℃ 
Wind Load / Snow Load 2400 pa / 5400 pa 
Fuse Current 25 A 
5.2 Inverters Used 
Multi-string inverter has many features compared with central type, so it was 
selected in this work although of its high cost (Mahela & Shaik, 2017). For this study 
the best and the most popular inverter (SUNNY TRIPOWER CORE2 STP 110-60, SMA 
German Company) has been selected, table (4): 
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                                Table (4): multi-String inverter technical data. 

Input (DC) 
Max. PV array power 165000 Wp STC 
Max. input voltage 1100 V 
MPP voltage range 500 V to 800 V 
Max. input current per MPP tracker / Max. short-circuit current 
per MPP tracker 

26 A(22A<600V) / 40 A 

Number of independent MPP trackers / Strings per MPP tracker 12 / 2 
Output (AC) 

Rated power (at 400 V, 50Hz) 110000 W 
Rated / Max. apparent power 110000 VA / 110000 VA 
Rated voltage 400 V 
Voltage range 320 V to 460 V 
Rated / Max. output current 159 A / 159 A 
Harmonic (THD) < 3% 

Efficiency 
Max. efficiency / European efficiency 98.6% / 98.4% 

 
6. Design of the System 
It has become clear from the latest research published in this field and from the 
experiences of the best companies implementing such kind of projects that the best 
design that fit 10 MW is the following: the project is divided into ten units of 1 MW 
each, and each unit consists of nine PV arrays, each array connected to one inverter, 
so there are 9 inverters connected in parallel for each unit, and 90 inverters for all 
the PV plant. The basic unit of the project is designed according to the equations 
below: 
6.1 Number of Panels per string 
The number of panels in each string depends on the value of the maximum DC input 
voltage of the inverter. The variation of the ambient temperature in the project 
location leads to the voltages of different values according to the equation 
(Hammad, et al., 2015): 
                                  𝑉(்) = 𝑉(ଶହ℃) × (1 + 𝛼

 ∆𝑇)  ……………. (14) 
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Where; 𝑉(்): panel temperature, 𝛼
: open circuit voltage temperature coefficient 

and ∆𝑇 is the difference in (℃) between cell and STC temperatures. The range of 
temperature for panels in this region is selected to be in the worst-case climate 
conditions from (-10℃ ) to (75℃). The voltages at this range were obtained, and it is 
found that: 

𝑉(ିଵ ℃) = 56.19 𝑣𝑜𝑙𝑡, 𝑉(ହ℃) = 45.21 𝑣𝑜𝑙𝑡, 𝑉(ିଵ℃) = 46.85 𝑣𝑜𝑙𝑡,

𝑉(ହ℃) = 37.69 𝑣𝑜𝑙𝑡. 

It should be noted that both values of voltages are maximum at (−10℃). According 
to the maximum values of voltages, number of modules per string is calculated: 

      𝑀𝑖𝑛. 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑑𝑢𝑙𝑒𝑠/𝑠𝑡𝑟𝑖𝑛𝑔 = 𝑉()௩௧/𝑉(ିଵ℃)   ………… (15)  

                                                                        = 800 / 46.85 = 17.075 

      𝑀𝑎𝑥. 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑑𝑢𝑙𝑒𝑠/𝑠𝑡𝑟𝑖𝑛𝑔 = 𝑉(௨௧ ௫.)௩௧/𝑉(ିଵ℃) ……. (16) 

                                                                         = 1100 / 56.19 = 19.57 

The range in safety case is between 17 to 19 and let choosing (19 module) per 
string. 

6.2 Number of Strings per inverter 
The maximum number of strings in parallel can be found based on output power of 
the inverter used (Hammad, et al., 2015): 

𝑁𝑜. 𝑜𝑓 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 𝑝𝑒𝑟 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 =
(ೠೠ)ೡೝೝ/ఎ(ౣ౮)౬౨౪౨

[ே. ௗ௨௦  ௦௧]×(ౣ౮)ೠ
 ……………. (17)   

   = ଵଵ/.ଽ଼

ଵଽ×ହ଼ହ
 ≅ 10 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 𝑖𝑛 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑡𝑜 𝑜𝑛𝑒 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟. 

Therefore, the no. of modules for each inverter is (19*10=190 module), so we need 
to know the total no. of inverters required and we can do that by dividing the total 
power to the total no. of panels and power of each panel: 
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                       𝑁𝑜. 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟𝑠 𝑢𝑠𝑒𝑑 =
ଵ,ଷ,ହ

ଵଽ×ହ଼ହ
= 90  

 

 

 

 

 

 

 

 

 

 

            Figure (4): Single line diagram of one unit of (10MW) of solar PV plant. 

7. Types of PV Plant Losses (PV Plant Losses Estimation) 
There are many factors that affect the output of a PV systems and prevent from 
working at maximum efficiency and reaching their rated output, these factors are 
quantified as losses. These are: thermal, AC & DC ohmic wiring and connection, dust 
and dirt, array mismatch, transformer, shading, and DC to AC inversion losses (losses 
of the inverter). 
The thermal effect can be evaluated by using the temperature coefficient from the 
module datasheet and the following equations (Hammad, et al., 2015): 

                   𝑇 = 20.4 + [1.2 × 𝑇(௫)ೌೡ
]   ………………. (18) 

                         𝑇௫ = 1 + 𝛼
[𝑇 − 𝑇]   …………………. (19)   
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Where; 𝑇௫: temperature derating factor, 𝛼
: power temperature coefficient for a 

module (−0.30% /℃), 𝑇: module temperature (℃), 𝑇: reference temperature 
(25℃), 𝑇(୫ୟ୶)ೌೡ

: the average daytime maximum temperature (℃). The data used is 

obtained from Duhok Meteorological Stations, as shown in table (5): 

                      Table (5): Duhok city Avg. Daytime Max. Temp. (℃) (2022) 

Mon. Ja. Fe. Mar. Ap. May Jun. Jul. Au. Se. Oc. No. De. 

Temp. 6.45 11.2 14.4 20.65 23.1 31.65 33.85 34.1 30.3 24.7 16.05 10.85 

For example, derating factor in August 2022 in Duhok city can be illustrated: 

      𝑇 = 20.4 + [1.2 × 34.1] = 61.32℃  

      𝑇௫ = 1 + (−0.003)[61.32 − 25] = 0.891 

The second term of equation (19) is thermal losses. Similarly, derating factors for all 
months of the year can be calculated as shown in table (6), and can be noted that 
the average temperature losses for all months in year is (6.24 %) of total power 
generated. Also, the other system losses can be estimated; from the datasheet of 
the inverter used, the value of the European efficiency which is the minimum value 
(98.4 %), therefore, the inverter losses of the device (1.6 %). Similarly, the total 
losses of step-up transformer equal to (0.96 %) at full-load operation. 

Table (6): Thermal losses and derating factor values for all months of the year 2022 

Month Thermal Losses (%) Temp. Derating Factor 
January 0.0094 0.9906 

February 0.0265 0.9735 
March 0.0236 0.9764 
April 0.0605 0.9395 
May 0.0693 0.9307 
June 0.1001 0.8999 
July 0.1080 0.8920 

August 0.1089 0.8911 
September 0.0953 0.9047 
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October 0.0751 0.9249 
November 0.0439 0.9561 
December 0.0288 0.9712 
Average 0.0624 = 6.24 % 0.9376 

 

According to international standards for large-scale grid connected photovoltaic 
systems (Hammad, et al., 2015), the other losses of this solar plant (10MW) are; AC 
& DC voltage drop losses (wiring losses) of (1 %), mismatch losses (1 %), dust and 
dirt losses of (2 %). Shading losses depends on the project’s location and panels tilt 
angle, it is supposed that the solar modules are arranged in a way that the losses 
have negligible value in proposed project. Table (7) illustrates all details of plant 
losses in percentage of total power generated. 

                                      Table (7) Several types of PV System losses  

Item Thermal Inverter 
Voltage 

Drop Mismatch Transformer Dust & Dirt 

Losses (%) 0.0624 0.016 0.01 0.01 0.0096 0.02 
Derating 

Factor 
0.9376 0.984 0.99 0.99 0.9904 0.98 

 
Therefore, the total average losses of the project in one year are 12.8 % (Hashemi, 
et al., 2021) & (Solas, et al., 2022). 
 

8. System Performance Parameters 
The International Energy Agency (IEA) worked to develop these parameters in order 
to analyze the performance of the solar PV grid interconnected system (Bano & Rao, 
2016). The use of suitable performance parameters is important as it would 
simplifies the comparison of grid-connected photovoltaic (PV) systems which may 
be vary in terms of the designs, technologies, or geographic locations. There are 
four performance parameters used for the purpose of the definition which are: 
(Palm, et al., 2023). 
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8.1 Final Yield (𝒀𝑭) 
Is the net energy output 𝐸 divided by the nameplate DC power 𝑃 of the installed PV 
array at STC conditions. 

                                                 𝑌ி  =
ா


   [ℎ/𝑑𝑎𝑦] ………………… (20) 

8.2 Reference Yield (𝒀𝑹) 
Is the total in-plane irradiance 𝐻 divided by the PV’s reference irradiance 𝐺. It 
represents an equivalent number of hours at the reference irradiance. 

                                                 𝑌ோ =
ு

ீ
   [ℎ/𝑑𝑎𝑦] …………………… (21)     

8.3 Performance Ratio (𝑷𝑹) 
By normalizing with respect to irradiance, it quantifies the overall effect of losses on 
the rated output due to: inverter inefficiency, and wiring, mismatch, and other 
losses when converting from DC to AC power; PV module temperature; incomplete 
use of irradiance by reflection from the module front surface; soiling or snow; 
system down-time; and component failures, it is the ratio of 𝑌ி to 𝑌ோ : 

                                           𝑃𝑅 =
ಷ

ೃ
× 100 %    [𝑢𝑛𝑖𝑡𝑙𝑒𝑠𝑠]   ……………….. (22) 

𝑃𝑅 values are typically reported on a monthly or yearly basis. Values calculated for 
smaller intervals, such as weekly or daily, may be useful for identifying occurrences 
of component failures. Because of losses due to PV module temperature, 𝑃𝑅 values 
are greater in the winter than in the summer and normally fall within the range of 
0.6 to 0.8.  If PV module soiling is seasonal, it may also impact differences in 𝑃𝑅 
from summer to winter.  Decreasing yearly values may indicate a permanent loss in 
performance. 
8.4 Capacity Factor (𝑪𝑭) 
The capacity factor (𝐶𝐹) is defined as the ratio of actual annual energy generated by 
the panels of the PV plant installed (𝐸 ೌ

) to the amount of PV system energy 
generate if it operates at full rated power (𝑃,௧ௗ) for 24 hour per day for year 
and is given as: 

                                            𝐶𝐹 = 
ாಲ (௪)

ುೇ,ೝೌ (௪)×଼()
൨ × 100%  ……………….. (23)    
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The above performance parameters provide the overall system performance with 
respect to energy production, solar resource, and overall effect of system losses. 
 

9. Energy Yield Evaluation 
Taking in the consideration the derating factors for all losses, overall PV system 
efficiency can be evaluated. Because of the unstable climate conditions through the 
year, and taking the effect of the not sunshiny days, and from the metrological 
stations, it is considered that 15 days in year are cloudy in Duhok province as 
maximum. The energy produced in (kWh) for one month can be evaluated by the 
equation: 
    𝐸.  ()  (𝑘𝑤ℎ) = 𝐹𝑢𝑙𝑙 𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 () × 𝐶𝐹 ()  …………….. (24) 
The full nameplate capacity for one month is: 

 𝐹𝑢𝑙𝑙 𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑘𝑤ℎ) () = 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑘𝑤) × 24 ቀ


ௗ௬
ቁ ×

𝑛𝑜. 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑖𝑛 𝑡ℎ𝑎𝑡 𝑚𝑜𝑛𝑡ℎ (𝑑𝑎𝑦)    ……………………………. (25)   
         

10. Environmental Effect of Photovoltaic Technology 
Solar energy is in high demand due to its environmental benefits and economic 
potential. One of the main advantages of PV systems is the reduced environmental 
impact compared to conventional fossil fuels and some other renewable 
technologies, and it is not a cause of global warming. However, it is important to 
quantify and then minimize the impact (Zarzavilla, et al., 2022). During solar PV 
plants working, there are negligible of carbon dioxide emissions gas.  Saving amount 
of CO2 emission can be evaluated using the equation (Hassan & Elbaset, 2015): 
    𝐶𝑂ଶ(ಶ)

= 𝐹ா × 𝑆𝑦𝑠𝑡𝑒𝑚 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 × 𝑁   ………………. (26) 

Where; 𝐹ா: Emission factor, it is set to be 0. 699 kg 𝐶𝑂ଶ-eq/𝑘𝑤ℎ, 𝑁: Number of 
years of system lifetime. 
 

11. Discussion of the Results 
The results obtained from MATLAB programs based on previous mathematical 
equations are discussed to get the most accurate analysis. 
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11.1 Tilt angle and Solar Irradiance 

The 1st & the 2nd m-file programs were used to estimate the average value of 
annually solar irradiance (AASI) in Duhok city, and the results obtained were the 
three-slope angle setting types: fixed, monthly and semi-annual values, with their 
particular radiation, shown in table (8). 
 

Table (8): Slope angle setting types & their respective annual average solar 
Irradiance (AASI) for Duhok city. 

Month 

 

Set type 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec AASI 

𝒌𝑾𝒉

𝒎𝟐. 𝒅𝒂𝒚
 

Fixed 37 37 37 37 37 37 37 37 37 37 37 37 5.9258 

Semi-
annual 

51 51 51 22 22 22 22 22 22 51 51 51 6.2832 

Monthly 57 50 39 27 18 13 15 23 35 46 56 60 6.3709 

  

The value of the slope angle for months from April to September (semi-annual) was 
calculated by taking the average value of these six months, and the same with the 
other six months. However, the fixed type angle value is the average of all months 
of the year. Also, it is found that the solar radiation with monthly slope angle setting 
gives the best value (6.371 𝑘𝑤ℎ/𝑚ଶ. 𝑑𝑎𝑦) compared with the other settings. 
Despite of the fixed type gives the less value of (5.926 𝑘𝑤ℎ/𝑚ଶ. 𝑑𝑎𝑦), it was 
selected in this work to reduce the costs related to investment (mounting structures 
of solar panels) and operation & maintenance costs. Also, there is no significant 
difference between the two values. Fig. (5) shows monthly distribution of solar 
radiation in case of fixed tilt angle in Duhok city in (2022). It is evident from the 
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curve that the city of Dohuk has a very good irradiance rate throughout the months 
of the year. 

               

                        Fig. (5) AASI of tilt angle fixed type of Duhok city for (2022). 

11.2 Energy Generated 
The most effective matter for all solar photovoltaic projects is the amount of power 
generated. The result show that in the first year of operation, the total energy 
produced is about (1.7679e+07 kWh) distributed among the months of the first 
operation year as shown in figure (6), which is the very good level of generation. 
 
11.3 Plant Performance 
The average value of performance ratio for the first year is 82.02 %, it is a very good 
ratio compared with the other large scale solar PV plants, figure (7) shows 
performance of this plant in each month. The average value of the capacity factor 
for the first year is 20.17 %, It is also considered a very good annual percentage rate 
compared to other similar projects in the countries of the Middle East. Figure (8) 
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explains the graphical representation of capacity factor parameter for (10MW) solar 
PV plant under Duhok climate conditions. 

                        

                       Figure (6): Energy generated in the first year in each month.           

                         

                           Figure (7): System Performance Ratio in each month. 
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                              Figure (8): System capacity factor in each month. 

 System efficiency is illustrated in Fig. (9), its value ranging between 93% in January 
and 83% in August with average annual value of 88% which is acceptable value for 
large-scale solar PV plants. 

                                 

                        Figure (9): System Efficiency in each month of first year. 
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11.4 System Environmental Effect 
The total saving value resulting from the emission of carbon dioxide by installing a 
photovoltaic station with a capacity of 10 megawatts for 25 years is about 
(2.7953e+08 kg), fig. (10) shows linear relation of Co2 emission reduction during 
solar PV plant lifetime. 

                           

                    Figure (10): Saving of Co2 Emissions for 25 years of operation. 

 

12. Conclusion 
In this article, the traditional basic equations were adopted in designing a solar 
photovoltaic power plant with a capacity of 10 MW under climate conditions of 
Duhok city using some MATLAB programs that were designed and improved by the 
authors, and then the results obtained from MATLAB were investigated by 
comparing them with the results of recent related works, which were accomplished 
using different methods and software. 
It is clear from the distinctive results obtained from Matlab software, that Duhok is 
characterized by a high level of solar radiation over the year, that helps in building 
solar photovoltaic stations connected to the distribution network or the power 
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system. Achieving this is of great benefit to the city in terms of eliminating or 
reducing emissions that negatively affect the environment. 

Performance ratio (PR) is one of the most important variables for evaluating the 
efficiency of a PV plant connected to the grid. The performance ratio is the ratio of 
the actual and theoretically possible energy outputs. It is largely independent of the 
orientation of a PV plant and the incident solar irradiation on the PV plant. Hence, 
the performance ratio can be used to compare PV plants at different locations all 
over the world and different capacities. Performance ratio of this work is about 82 % 
which is a good value compared with the other recent acceptable results. 
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                                                         پوخته 

سیستهمی  گرنگی  نوɄبووەوە.  وزەی  سهرچاوەکانی  بههɃزترین  و  گرنگترین  ƿه  یهکɃکه  خۆر  وزەی 
زۆربهی جیهاندا زیادی کردووە، چونکه سهرچاوەیهکی   (PV) فۆتۆڤۆƿتایک ƿه  دواییدا  ƿهم سا�ǅنهی 

 PV مɃگاواتی ƿهسهر تۆڕی  10پاک و باوەڕپɃکراو و بهردەوامه. ئهم توɄژینهوەیه دیزاینی وɄستگهی  
پɃشکهش دەکات ƿهژɄر بارودۆخی کهشوههوای دهۆک (تیشکی خۆر و پƼهی گهرمی سا�ǅنه). دیزاینی 

 33بهستراوەتهوە به هاوتهریب) ƿهگهڵ  )،  1MWڕووەکهکه ƿه دە یهکه پɃکهاتووە ƿه ههر یهکهیهکی  
KV   گهی گۆڕینی ههنگاوی    50وɄه ڕƿ رتزɃ2هMVA ینهوەیǄکۆɃƿ ینهوەکهǄکۆɃƿ .بۆ ههر یهکهیهک 
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دۆزینهوەی گۆشهی �ƹری پانǃɃی خۆر ƿهخۆ دەگرɄت، خهمӂ؊ندنی تیشکی خۆر ƿه شاری دهۆک وەک 
ɃƿکۆǄینهوەی حاǄهت و ههǄسهنگاندنی پارامیتهرɄکی گرنگی سیستهم (ههموو جۆرەکانی ƿهدەستدان،  
باشترکردنی   ڕɄگهی  ƿه  ژینگهیی)،  کاریگهری  و  سیستهم  چوستی  وزە،  بهرههمی  سیستهم،  کارایی 
شاری  که  ئهنجامهی  ئهو  گهیشتنه  بهرنامانهوە  ئهو  ئهنجامی  ƿه  ماتƽ؊ب.  نهرمهکا�ǅی  ƿه  بهرنامهکان 

 . دهۆک شوɄنɃکی باشی ههیه بۆ دامهزراندنی وɄستگهیهکی گهورەی وزەی خۆر

 

 ص الملخ

وأكثرها   المتاحة  المتجددة  الطاقة  مصادر  أهم  من  واحدة  هي  الشمسية  الأنظمة  الطاقة  أهمية  تزايدت  تنوعا. 
السنوات الأخيرة في غالبية دول العالم، باعتبارها مصدرًا نظيفًا وموثوقًا ومستدامًا للطاقة.   الكهروضوئية في 

ميجاوات في ظل الظروف الجوية في    10يعرض هذا البحث تصميم محطة كهروضوئية على الشبكة بقدرة  
 1دهوك (الإشعاع الشمسي السنوي ودرجة الحرارة). يتكون تصميم المحطة من عشر وحدات قدرة كل منها  

التوازي) بمغذي توزيع جهد   هرتز من خلال محول تصاعدي    50كيلو فولت،    33ميجاوات، (متصلة على 
ميجا فولت أمبير لكل وحدة. تحتوي الدراسة على البحث في إيجاد زاوية ميل الألواح الشمسية المثالية،    2قدرة  

الخسائر،   أنواع  المهمة (جميع  النظام  وتقدير الإشعاع الشمسي في مدينة دهوك كدراسة حالة، وتقييم معلمات 
أداء النظام، إنتاجية الطاقة، كفاءة النظام والتأثير البيئي). بمساعدة برنامج الماتلاب . تم الاستنتاج من النتائج 
الشمسية   الطاقة  محطات  لإنشاء  جيد  بموقع  تتمتع  دهوك  مدينة  أن  البرامج،  من  عليها  الحصول  تم  التي 

 . الكهروضوئية على نطاق واسع

  


