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Abstract 

Aim: The system was designed to produce 30.0 kWp of power, generating 49,622 kWh/year 

of energy, with a specific production of 1,654 kWh/kWp/year and a performance ratio of 

81.01%.  

Methods: In this study, PVsyst and Metronome software were used to design an integrated 

grid-connected photovoltaic system. The geographical location was determined using 

Metronome parameters: latitude 32.49°N, longitude 43.86°E, altitude 83 m, and time zone 

UTC+3. The module area is 195 m², while the cell area is 171 m².  

Results: The system demonstrated its capacity to reduce carbon dioxide emissions 

significantly, estimated at 1,061.248 tons according to PVsyst software parameters. The results 

indicate good system performance and safe operation, enabling the supply of a substantial 

portion of electrical energy while simultaneously reducing reliance on fossil fuel sources.  

Conclusion: This highlights solar photovoltaic energy systems as a viable alternative to 

traditional fuels. 

Recommendation: The significance of the system lies in its contribution to achieving 

environmental sustainability goals in Karbala, Iraq. 
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INTRODUCTION 

Background 

Given its critical role in supporting equitable growth initiatives and reducing dependence on 

fossil fuels, photovoltaic energy represents one of the most promising alternative energy 

sources in Iraq. A key factor contributing to its potential is the country's high annual daily 

average of global solar radiation, ranging between 2,000 kWh/m² and 2,500 kWh/m² [1]. Iraq 

is situated in Southwest Asia, between latitudes 29° 5' and 37° 22' N and longitudes 38° 45' and 

48° 45' E, forming the eastern boundary of the Arab nations. The country spans 438,320 square 

kilometers and shares borders with Turkey to the north, Saudi Arabia and Kuwait to the south, 

the Arabian Gulf to the southeast, Iran to the east, and Syria and Jordan to the west [2]. The 

population of Iraq is estimated at 46 million in 2024 and is projected to reach 47 million in 

2025, with an expected increase to approximately 64 million by 2050 [3], [4]. 

The rising energy demand in Iraq is largely attributed to its growing population [5]. Currently, 

Iraq depends heavily on fossil fuels for electricity generation. These sources are extensively 

exploited, resulting in significant environmental impacts due to harmful emissions. To address 

these challenges, swift and effective solutions - such as easily deployable solar photovoltaic 

systems - are essential. [6], [7]. 

Integrating solar energy with the national electrical grid can help alleviate the pressure on fossil 

fuels, contributing to a more resilient and less fossil fuel-dependent economy [8]. Among 

various solar energy technologies, photovoltaic (PV) systems are the most widely used and can 

be efficiently integrated into the main power grid. PV systems offer multiple benefits, including 

a lifespan exceeding twenty years, suitability for challenging terrain, adaptability for portable 

installations, ease of maintenance, and grid independence in remote areas. A photovoltaic 

system comprises three primary components: (I) a solar energy conversion unit, (II) a converter 

that transforms direct current into alternating current for domestic use, and (III) a battery for 

energy storage, along with other components. These systems are a foundation for renewable 

energy due to their low cost, rapid market adoption, and sustainability [9]. 

Electricity generation in PV systems involves the conversion of sunlight into electricity by 

capturing solar energy in solar cells. This process releases electrons to produce direct current, 

which is subsequently converted into alternating current by an inverter for household or grid 

use. This mechanism is known as direct solar energy conversion [10]. In this study, a proposal 

for a grid-connected photovoltaic power system is proposed outlining its role in electricity 

generation and demonstrating safe adoption practices. 

Objectives 

1. Outline the connected photovoltaic energy sources in Iraq 

2. Understand the importance of renewable energy in enhancing the energy sector 

3. Provide a connected, sustainable, and easy-to-install system for integration with the 

electricity grid 

4. Mitigate the impact of fossil fuels by reducing harmful emissions 

LITERATURE REVIEW 

This section presents a survey of solar photovoltaic systems from multiple perspectives and 

objectives, noting the limited studies that precisely examine the importance of photovoltaic 

systems in Iraq. One study highlights the significance of solar energy by exploring sun-tracking 

technologies and reviewing global optimization strategies for PV systems. It confirms the 
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abundance and eco-friendliness of solar energy, emphasizing that dual-axis tracking systems 

outperform single-axis and fixed systems in efficiency and benefits [11]. 

Another study evaluates the reliability of standalone PV systems, focusing on their long-term 

performance and the necessity for consistent electricity delivery, particularly in rural areas. The 

use of robust methodologies enhances the quality and reliability of these systems [12]. Another 

study discussed the design of a PV system for an average household in Al-Hilla Governorate, 

Iraq. It emphasizes solar energy reliance and the usage of independent PV systems for various 

applications, noting their importance in overcoming power delays and supporting remote 

development projects [13]. 

An analysis of off-grid PV systems for rural families in Diyala Governorate demonstrates their 

effectiveness over fossil fuels, suggesting their viability as long-term energy solutions in areas 

lacking electricity infrastructure [14]. A study provided a load estimation for off-grid solar PV 

systems, showing their reliability in renewable energy generation with minimal maintenance 

requirements [15]. A review of Iraq’s solar energy potential highlights the capability of PV 

systems to reduce reliance on the national grid. While the systems meet performance standards, 

the main challenge is the accumulation of airborne dust over time [16]. The study focused on 

optimizing PV systems to match seasonal trends in Karbala, Iraq, and proposes cost-effective 

strategies for maximizing solar irradiation. It evaluates two PV approaches and a 690-kW 

system designed for office applications. Key considerations include a seasonal inclination 

angle, an albedo of 0.25, and a horizontal axis system. Results show improved efficiency and 

reduced costs by using more affordable materials [17]. 

One study underscores the technical and economic feasibility of PV systems, comparing 

integration with diesel systems in Sebha, Libya, where energy demand is 61,894 kWh/day. It 

reports that a 15.6 kW PV system requires 86 modules, 16 batteries (12 V, 375 Ah), an 18.9 

kVA inverter, a 48 VA inverter, and a 60-amp, 24 V regulator. Despite high costs, long-term 

gains position PV systems as viable alternatives to diesel power [18]. A study assessing the 

performance of standalone PV systems in rural communities concludes that they are among the 

most effective energy options in remote areas, serving as alternatives to national grid power in 

representative zones [19]. 

Research on standalone battery systems reveals their potential to enhance electricity access in 

rural areas, helping alleviate energy poverty in developing countries worldwide [20]. Another 

study outlines the design and optimization of standalone PV systems for rural communities in 

Shalateen, Egypt. It confirms their efficiency in supplying electricity to families far from the 

national grid, advocating broader adoption [21]. Another study highlighted the crucial role of 

PV systems in addressing environmental challenges and supporting the energy sector, 

especially through grid-connected systems. A system with a maximum capacity of 584 kW 

using 1,095 modules over 2,994 m² is estimated to save between 13,636 and 23,117 tons of 

CO₂. PV systems offer sustainable energy sector solutions by 2050 [22]. Lastly, a study 

proposes methods for standalone PV systems suitable for off-grid users. It offers technical 

guidance on site selection and system components, targeting individuals seeking independent 

energy sources for personal consumption [23]. 

METHODOLOGY 

In this study, PVSYS software was used to design a photovoltaic system in Karbala. The project 

was implemented at a site located at latitude 32.49°N and longitude 43.86°E. Metronome 

parameters were utilized to perform simulations that display solar radiation levels, temperature 

patterns, and sunrise rates specific to the location. The primary objective of this project was to 
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emphasize the significance of photovoltaic systems in Iraq. The selected site in Karbala was 

identified as part of an effort to find rapid and sustainable energy solutions. Additionally, the 

PV Systems software was used to generate analytical results due to its high efficiency in data 

analysis. 

RESULTS OF THE PROPOSED SYSTEM 

The location of Al Qattarah in Karbala, Iraq, was selected for the implementation of the system, 

considering the essential conditions required for its successful deployment. Weather data from 

Metronome 8.1 was utilized, providing key information on radiation levels, as well as 

precipitation and temperature patterns at the site. Figures 1 through 4 were analyzed to illustrate 

the most critical aspects of the grid-connected photovoltaic system. 

Figure 1. The Radiation for Al Qattarah 

Figure 1 illustrates the rates of diffuse radiation and global radiation. When comparing the 

months of February and June with June and July, it is evident that solar radiation levels are 

significantly higher in June and July. Therefore, these months represent the periods during 

which the highest rates of solar radiation can be achieved. 

Figure 2. Sunshine Duration for Al Qattarah 

http://www.gprjournals.org/
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Figure 2 presents the rates of sunshine duration and astronomical sunshine. It is observed that 

the month of June records the highest values for both sunshine duration and astronomical 

sunshine when compared to the other months, indicating optimal solar exposure during this 

period. 

Figure 3. Precipitation for Al Qattarah 

 

Figure 4. The Rate of Temperature for Al Qattarah 

The photovoltaic system is designed as a grid-connected type where table (1) shows the 

system details in detail. 

Table 1. System Summary 

Grid-Connected System Measurements 

Number of modules 30.0 units 

Pnom total 30.0 KWp 

Quantity of inverters 5 units 

Pnom total 21.00 Kwac 

Pnom ratio 1.429 

User's needs Unlimited load (grid) 

Tilt/Azimuth 30 / 0° 
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 Figure 5. PV Array Characteristics and Array Losses 

Figure 6. Layout of Setup of PV System 

Figure 7. Single Line Diagram 
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Figure (7) shows the characteristics of a single line for the system where the PV module in 

operation is of the type (Mono 250Wp 60 cells Bifacial) as this type was used to obtain the best 

performance for the system. The number of (Inverter is 4.2Kwac inverter with 2 MPPT) and 

the (String is 12 Mono 250Wp 60 cells Bifacial). 

Figure 8. Main Results 

Figure 9. Loss Diagram 
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Figure 10. The CO₂ Emission Balance 

Conclusion 

Solar photovoltaic energy represents one of Iraq’s abundant natural resources, made possible 

by the country’s favorable climatic conditions. However, despite this potential, its utilization 

remains limited due to various challenges. The primary reason is Iraq’s wealth in fossil fuel 

resources such as oil and gas, which has led to a stronger focus on conventional energy sources. 

In this study, a grid-connected photovoltaic system was proposed for a selected site in Karbala 

using the PVsys software. The system demonstrated high performance, ease of implementation, 

and strong potential for successful adoption. By integrating this system into the national 

electricity grid, the electricity sector can be significantly improved, helping to enhance the 

energy supply. Furthermore, this system presents a viable solution to address Iraq's ongoing 

electricity shortages. 

REFERENCES 

[1] Al-Kayiem, H. H., & Mohammad, S. T. (2019). Potential of renewable energy resources 

with an emphasis on solar power in Iraq: An outlook. Resources, 8 (1), 42. 

[2] Maan, J. B. (2017). Solar Energy Applications in Iraq: A Review. Maan JB International 

Journal of Scientific Engineering and Science, 1(9), 30-39. 

[3] Kazem, H. A., & Chaichan, M. T. (2012). Status and future prospects of renewable energy 

in Iraq. Renewable and Sustainable Energy Reviews, 16(8), 6007-6012. 

[5] Al-Yozbaky, O. S. A. D., & Khalel, S. I. (2022). The future of renewable energy in Iraq: 

potential and challenges. Indonesian Journal of Electrical Engineering and Informatics 

(IJEEI), 10(2), 273-291.]. 

[6] Ghlaim, M. F., Hussein, A. M., Hussein, M. F., & Jasim, H. H. (2025). Reevaluating 

Nuclear Energy’s Challenges and Potentials in Addressing Global Warming Amid Ambiguous 

Scenarios Shaped by Prior Concerns and Apprehensions. Journal of Environmental and 

Geographical Studies, 4(1), 19–35. https://doi.org/10.58425/jegs.v4i1.337.  

[7] Ghlaim, M. F., Hussein, M. F., & Hussein, A. M. (2025). Validation of Designing a 

Photovoltaic Energy (PVE) System to Enhance Urban Life and Reduce Fossil Fuel 

http://www.gprjournals.org/
https://doi.org/10.58425/jegs.v4i1.344
https://doi.org/10.58425/jegs.v4i1.337


     Journal of Environmental and Geographical Studies 

  ISSN 2958 - 4116 (Online) 

www.gprjournals.org                                                                  Vol.4, Issue 2, pp 1 – 10, 2025  

 

DOI: https://doi.org/10.58425/jegs.v4i1.344  9  

Dependence in Tehran and Baghdad. Journal of Environmental and Geographical 

Studies, 4(1), 89–103. https://doi.org/10.58425/jegs.v4i1.342.  

[8] [Al-Abadi, A. M., Handhal, A. M., Abdulhasan, M. A., Ali, W. L., Hassan, J. J., & Al 

Aboodi, A. H. (2025). Optimal siting of large photovoltaic solar farms at Basrah governorate, 

Southern Iraq using hybrid GIS-based Entropy-TOPSIS and AHP-TOPSIS 

models. Renewable Energy, 241, 122308.]. 

[9] Rehman, T. U., Qaisrani, M. A., Shafiq, M. B., Baba, Y. F., Aslfattahi, N., Shahsavar, A., 

... & Park, C. W. (2025). Global perspectives on advancing photovoltaic system performance: 

A state-of-the-art review. Renewable and Sustainable Energy Reviews, 207, 114889. 

[10] Singh, G. K. (2013). Solar power generation by PV (photovoltaic) technology: A 

review. Energy, 53, 1-13. 

[11] Awasthi, A., Shukla, A. K., SR, M. M., Dondariya, C., Shukla, K. N., Porwal, D., & 

Richhariya, G. (2020). Review on sun tracking technology in solar PV system. Energy Reports, 

6, 392-405. 

[12] Diaz, P., Egido, M. A., & Nieuwenhout, F. (2007). Dependability analysis of stand‐alone 

photovoltaic systems. Progress in photovoltaics: Research and applications, 15(3), 245-264. 

[13] Al -Shamani, A. N., Othman, M. Y. H., Mat, S., Ruslan, M. H., Abed, A. M., & Sopian, K. 

(2015). Design & sizing of stand-alone solar power systems a house Iraq. Design & Sizing of 

Stand alone Solar Power Systems A house Iraq Ali, 145-150. 

[14] Hassan, Q., Jaszczur, M., Mohamed, M., Styszko, K., Szramowiat, K., & Gołaś, J. (2016). 

Off-grid photovoltaic systems as a solution for the ambient pollution avoidance and Iraq’s rural 

areas electrification. In E3S web of conferences (Vol. 10, p. 00093). EDP Sciences. 

[15] Abdulateef, Mustafa Yaseen, Mohammed Hasan Ali, and Maher Alwan Hussen. 

“Estimation of loads for off-grid solar photovoltaic systems.” International Journal of Power 

Electronics and Drive Systems 13, no. 2 (2022): 918. 

[16] Abass, Khaleel Ibrahim. "Is Iraq Ready to Use Solar Energy Applications: A Review." 

International Journal of Engineering Science Invention 6.10 (2017): 27-42. 

[17] Duhis, A. H., Mosheer, A. D., & Abed, A. M. (2023). Optimization of seasonal tilt 

adjustment photovoltaic system in Karbala, Iraq, by using the albedo benefit. Indonesian 

Journal of Electrical Engineering and Computer Science, 32(2), 632-642. 

[18] Elbreki, A. M., Sopian, K., Ruslan, M. H., Al-Shamani, A. N., & Elhub, B. (2016). A stand-

alone Photovoltaic system design and sizing: A greenhouse application in Sabha city as a case 

study in Libya. Renewable and Sustainable Energy Reviews, 55, 100-108. 

[19] Odeh, S., & Ibrik, I. (2022). Performance assessment of standalone PV systems for rural 

communities. Australian Journal of Mechanical Engineering, 20(1), 131-140. 

[20] Kamal, M. M., & Ashraf, I. (2021). Performance assessment of standalone solar 

photovoltaic system for different load profiles in the rural area. Journal of The Institution of 

Engineers (India): Series B, 102(4), 777-796. 

 [21] El Shenawy, E. T., Hegazy, A. H., & Abdellatef, M. (2017). Design and optimization of 

stand-alone PV system for Egyptian rural communities. International Journal of Applied 

Engineering Research, 12(20), 10433-10446. 

http://www.gprjournals.org/
https://doi.org/10.58425/jegs.v4i1.344
https://doi.org/10.58425/jegs.v4i1.342


     Journal of Environmental and Geographical Studies 

  ISSN 2958 - 4116 (Online) 

www.gprjournals.org                                                                  Vol.4, Issue 2, pp 1 – 10, 2025  

 

DOI: https://doi.org/10.58425/jegs.v4i1.344  10  

[22] Faisal Ghlaim, M., Miran Hussein, A., & Fakhir Hussein, M. (2025). Green Hydrogen in 

the Middle East: Challenges and Opportunities for Sustainability and Compliance. 

International Journal of Emerging Research in Engineering, Science, and Management, 4(1), 

11–21. https://doi.org/10.58482/IJERESM.V4I1.2.   

[23] Ali, Waqas, Haroon Farooq, Ata Ur Rehman, Qasim Awais, Mohsin Jamil, and Ali Noman. 

"Design considerations of stand-alone solar photovoltaic systems." In 2018 International 

conference on computing, electronic and electrical engineering (ICE Cube), pp. 1-6. IEEE, 

2018. 

 

 

………………………………………………………………………………………………….. 

Copyright: (c) 2025; Mustafa Faisal Ghlaim, Mustafa Fakhir Hussein, Asmaa Miran 

Hussein, Haneen Hayder Jasim 

 

   

The authors retain the copyright and grant this journal right of first publication with the work 

simultaneously licensed under a Creative Commons Attribution (CC-BY) 4.0 License. This 

license allows other people to freely share and adapt the work but must credit the authors and 

this journal as initial publisher. 

 

 

http://www.gprjournals.org/
https://doi.org/10.58425/jegs.v4i1.344
https://doi.org/10.58482/IJERESM.V4I1.2
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

