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Abstract: In this research work, numerical simulation software has been 
utilized to predict the performance parameters of photovoltaic (PV) solar 
systems and compared with actual PV systems performance over a period 
of one year. The study aims to theoretically evaluate the performance of a 
PV system using Helioscope, and compare it with two actual PV systems and 
determine the accuracy of Helioscope software. The current simulated PV 
system is 5 kWp on-grid monocrystalline silicon (mono-Si) situated in 
Baghdad (33.33 0N and 44.44 0E). The tilt and azimuth angles of the PV 
solar modules are 200 and 00, respectively. In this study, all performance 
parameters as well as atmospheric factors such as solar radiation and 
ambient temperature are taken into account. Helioscope validation is -4.44% 
to 0.85%. Helioscope accuracy will be confirmed by comparing it with an 
actual PV solar system.  The Helioscope accuracy obtained in this study was 
97.55%. The yearly AC energy outputs for the Helioscope and mono-Si 
system are 7819.3 kWh and 7891 kWh, respectively. The annual daily 
averages of final yield are 4.3 kWh/kWp/day and 4.5kWh/kWp/day, respectively. The average yearly performance ratio & capacity 
factor are 72% & 74.7% and 17.85% & 17.7, respectively. The average yearly efficiencies are 10.37% and 11.33%, respectively. The 
annual global horizontal solar irradiation is 1968.6 kWh/m² and 1987.5kWh/m2, respectively. The average yearly overall losses are 
1.757 kWh/kWp (29%) and 1.48 kWh/kWp (24.5%), respectively. The study showed that the Helioscope software is highly reliable and 
can be used to accurately predict the performance and energy output of PV solar systems. Furthermore, the CIGS solar module 
technology is the most suitable for the hot climate of Iraq.   
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Introduction 

Solar systems are used in many applications, such as 

electricity generation, heating and cooling systems, and water 

desalination, helping to build a more sustainable infrastructure. 

In the context of Iraq, particularly Baghdad, dependence on solar 

energy is a strategic choice due to the region's abundant solar 

radiation year-round  [1]. Nonetheless, challenges persist about 

the performance of solar systems, including rising temperatures 

and significant dust accumulation.  As a result, monitoring the 

performance of solar systems is essential for improving their 

efficiency and determining the most effective strategies for 

developing solar energy projects in Iraq [2]. As of the last quarter 

of the year 2024, the total capacity of installed solar systems 

globally has reached 2 terawatts, which is a significant 

development compared to previous years. Despite this rapid 

growth, 8 terawatts of solar capacity must be added by 2030 in 

order to meet the UN climate targets [3]. Investments in the PV 

solar systems sector are rising as solar module prices keep 

decreasing and efficiency rises, raising the potential of a 

widespread transition to clean energy [4]. Simulation software is 
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used to assess the performance of photovoltaic systems by 

analyzing efficiency and forecasting energy productivity 

depending on environmental and operational factors. The 

software includes PVsyst, PV*Sol, HOMER, SAM, Helioscope, 

RETScreen, Solar Pro, TRNSYS, and Polysun. These software 

help design, optimize solar systems, analyze economic 

feasibility, and assess the impact of weather factors on 

performance. This information contributes to making accurate 

and proactive decisions before implementing PV solar projects. 

[5,6].  Baghdad's energy system primarily relies on fossil-fueled 

thermal plants, emitting high levels of CO₂, NO, and SO₂. This 

contributes to air pollution and worsens respiratory and heart 

diseases among the population. Furthermore, Baghdad 

experiences frequent power outages due to insufficient supply 

compared to increasing demand, resulting in the widespread 

usage of private (civil) diesel generators in both residential and 

commercial sectors [7, 8]. Due to power challenges, reliance on 

private diesel generators has progressively expanded from 2003 

to the present, with around 12,500 private generators [9]. The 
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use of PV systems is an important development in the 

agricultural sector [10]. Energy sources are diverse, but fossil 

fuels raise pollution and heat  [11].  Many studies have been 

conducted on the use of simulation software to evaluate the PV 

solar systems performance. Okpe et al., evaluate the 

performance of a 407 kW solar plant system using PVsyst 

software. The study examined several significant variables, 

including geographical location, total solar panel area, inclination 

angle, inverter type & capacity, and other relevant factors. The 

results indicated that the plant produced 673.5 MWh per year 

with a performance rate of 83.3%. The investment in this solar 

plant was found to be profitable, with a return on investment of 

165.8%. Additionally, the system contributed to a reduction of 

more than 6,000 tons of CO2 annually [12]. Najib H. et al., 

studied ten photovoltaic system simulation programs to 

determine the most appropriate for performance analysis. A 1-

megawatt plant is assessed by calculating the capacity factor 

and performance ratio, as well as highlighting defects in PV solar 

modules such as coated sheet discolouration, glass 

fragmentation, and dust deposition. The results indicated that 

HOME, SAM, RETScreen, and PVsyst are the best, with a need 

for development [13] Mahdi RO, Hacham W, studied the 

performance of a hypothetical 100 MW grid-connected 

photovoltaic (PV) system at Al-Khwarizmi College of Engineering 

at the University of Baghdad, using PVsyst 7.2 and Helioscope 

simulation software. The study aimed to evaluate energy 

production, shading effects, and orientation (tilt angle and 

azimuth). The findings showed that PVsyst produced 1,500.3 

MWh while Helioscope produced 849.8 MWh annually [14]. 
Previous studies have not directly compared  Helioscope's 

results with real solar systems using two different technologies, 

Mono-Si and Copper Indium Gallium Selenide (CIGS) PV 

systems. This creates a scientific gap that requires evaluating 

Helioscope's accuracy in predicting the actual production of each 

technology.  

In this study, three objectives are set in order to achieve the 

aim of this research work. The first objective is to employ 

Helioscope to conduct a theoretical performance assessment of 

a PV system that will be implemented in the future and to 

compare it to actual PV systems (mon-Si and CIGS PV systems). 

The second objective is to investigate the performance 

difference between the first generation (mono-Si) and second 

generation (CIGS) PV solar modules. The third objective is to 

determine the accuracy of the data generated by the Helioscope.   

Methodology 

Helioscope software description  

The Helioscope is an essential tool for designing and 

evaluating the performance of the solar system by combining 

engineering analysis with climate data. The software displays a 

visual schematic of solar modules, allowing users to alter the tilt 

angle, azimuth angle, and spacing. Figure 1 shows (A) a PV 

solar system block circuit and (B) a rooftop PV solar system 

design simulation by Helioscope. Helioscope is distinguished by 

simulating the influence of shadows caused by buildings and 

obstructions and calculating potential losses. Figure 2 shows 

specifications of the simulated PV solar module (185 W). Figure 

3 shows how to calculate the full annual energy production, fully 

analyze losses, and avoid shadows to optimize the design. The 

software also allows users to select the type of solar module, 

inverter, and losses.  Helioscope was selected as one of the most 

widely used academic and engineering software for PV system 

design, combining high-resolution electrical and shading 

modeling and providing reliable outputs for performance 

validation against real PV systems.

 

Figure (1): (A): PV solar system block circuit; (B): 5 kWp rooftop PV solar system design simulation by Helioscope. 

 

Figure (2):  Specifications of simulated PV solar module (JKM-185M (185 W)). 
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Figure (3):  Production and losses details. 

This simulation software (Helioscope) provides only three 

performance parameters: energy output, losses, and 

performance ratio. The authors calculated important 

performance parameters, such as efficiency, system yield, and 

capacity factor, as mentioned in section (3).  The performance 

parameters calculated by this software are only one value, 

representing an annual average instead of a monthly detail. The 

authors expanded this program's analysis to include a full 

monthly analysis. Figure 4 displays the simulator version, system 

metric, and project location.   

Figure 5 displays all the technical information used in the 

simulation process for the PV solar modules: nameplate, model, 

number of PV modules, operating temperature, tilt angle, and 

orientation angle. As well as the PV system in general: inverter 

specification, PV module wiring, frame size, and intrarow 

spacing. The simulated PV system data (Helioscope data) will 

be presented in Appendix -A, while the actual PV system data 

are found in References 25 and 26. 

 

 

Figure (4): Simulator version, system metric and project location.
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Figure (5): Helioscope technical details. 

Preparing for a PV solar system performance 

analysis 

The performance evaluation study in this research 

comprises two major parts: The first part is to conduct a 

theoretical performance evaluation of the PV solar system and 

compare it to actual PV solar systems installed at the same 

location. The second part is to compare the differences between 

first-generation (mono-Si) and second-generation (CIGS) PV 

solar modules. Performance parameters include energy output 

(DC energy and AC energy), system yields (reference yield, 

array yield, and final yield), losses (array losses, system losses, 

and overall losses), efficiencies (array efficiency, system 

efficiency, and inverter efficiency), capacity factor, and 

performance ratio.  

A. Energy output analysis 

A photovoltaic solar system produces two types of energy: 

DC energy (array energy) and AC energy. DC energy is 

produced by solar modules, while AC energy is produced after 

the direct energy leaves the inverter. The difference between DC 

energy and AC energy is the inverter losses. DC energy loses a 

very small amount of energy during conversion from DC energy 

to AC energy.  The energy produced can be calculated on an 

hourly(𝑬𝑨𝑪,𝒉), daily (𝑬𝑨𝑪,𝒅) monthly (𝑬𝑨𝑪,𝒎) and annually, as in 

the following equations: [15, 16]. 

   𝑬𝑨𝑪,𝒉 = ∑ EAC, t60
𝑡=1                                                                                    (1) 

  𝑬𝑨𝑪,𝒅 = ∑ 𝑬𝑨𝑪, h24
ℎ=1                                                                                    (2) 

  𝑬𝑨𝑪,𝒎 = ∑ 𝑬𝑨𝑪, d𝑛
𝑑=1                                                                                   (3) 

B. System yields analysis 

Yield is one of the important performance parameters, which 

includes three types: array yield (YA), final yield (YF) and 

reference yield (YR). Array yield is expressed in terms of DC 

energy, whereas final yield is expressed in terms of AC energy. 

YA and YF represent the number of hours the PV system 

operates at its rated capacity (without losses). YA and YF are 

calculated by dividing the actual energy produced over a 

specified time period by the PV system's rated capacity. While 

YR represents the number of hours the PV array (modules) 

receives solar radiation of 1 Kw/m2. YR is also called peak sun 

hour. YA, YF and YR are given as follows [17, 18]. 

  𝑌𝐴 = (𝐸𝐷𝐶/𝑃𝑅𝑎𝑡𝑒𝑑)(kWh/kWp)                                                    (4)  

  𝑌𝐹 = (𝐸𝐴𝐶/𝑃𝑅𝑎𝑡𝑒𝑑)(kWh/kWp)                                                    (5)  

  𝒀𝑹 = (𝑯𝒕/𝑯𝑹)(kWh/kWp)                                                         (6)  

Where: EDC, EAC, Ht and HR are the DC energy, AC 

energy, in-plane solar irradiation, and reference solar irradiance 

(1 kW), respectively. 

C. Efficiency analysis  

Conversion efficiency in photovoltaic systems is divided into 

three sets: array efficiency (ηPV), system efficiency (ηsyst), and 

inverter efficiency (ηINV). The array efficiency and system 

efficiency are given as follows [19, 20, 21]. 

 𝜼𝑷𝑽 = (𝑬𝑨𝑪/𝑯𝒕 ∗ 𝑨𝒎)*100%                                                         (7) 

  𝜼𝒔𝒚𝒔𝒕 = (𝑬𝑨𝑪/𝑯𝒕 ∗ 𝑨𝒎)*100%                                                        (8) 

  𝜼𝑰𝑵𝑽 = (𝑬𝑨𝑪/𝑬𝑫𝑪)*100%                                                            (9) 

Where: Am is the array area (area of PV solar modules). 

D. Losses analysis 

Losses in PV systems are divided into three classes: overall 

losses (LO), system losses (LS) and array losses (LA). Array 

losses refer to the losses that occur when a PV module is unable 

to convert solar radiation into electrical energy at its rated 

efficiency (η𝑅𝑎𝑡𝑒𝑑). LA also appears when the reference 

irradiance and the actual irradiance are different because the PV 

modules' capacity is determined using the reference irradiance 

of 1 kW. While LS represents an inverter’s inability to convert all 

DC energy to AC energy (inverter losses). LO is LA plus LS. LA, 

LS, and LO are given as follows [22].  

LA=YR-YA (kWh/kWp)                                                                                (10) 

LS= YA-YF (kWh/kWp)                                                                               (11) 

LO = LA + LS (kWh/kWp)                                                                                             (12) 
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E. Performance Ratio (PR) analysis 

PR is one of the most important standards used to evaluate 

the performance of solar PV systems. It expresses how close the 

actual PV system performance is to the ideal performance [23]. 

It represents the ratio of the actual energy produced by the 

system to the theoretical energy that could be produced under 

ideal conditions. It is calculated using the following equation [24, 

25]. 

𝑃𝑅 = 𝐸𝐴𝐶/𝐻𝑡 ∗ 𝐴𝑚* 𝜂𝑅𝑎𝑡𝑒𝑑 (%)                                                                (13)  

Where: ηrated is the rated (nominal) efficiency of the PV 

solar modules.  

PR is also stated in terms of yields as follows: 

PR = 𝑌𝐹/𝑌𝑅 ∗ 100 % (%)                                                                            (14)  

F. Capacity factor (CF) analysis  

Capacity factor is a measure of how efficiently a photovoltaic 

(PV) system operates over a given period of time compared to 

its theoretical maximum output. It is expressed as a percentage 

of time and is one of the most significant performance indicators 

used to compare PV systems. It is calculated using the following 

equation [26, 27]. 

   𝐂𝐅 = 𝑬𝑨𝑪/(𝑷𝑹𝒂𝒕𝒆𝒅* 8760) (%)                                                              (15)  

Where: PRated is the rated power capacity of the PV solar 

system.  

Results and discussion 

The validation range for Helioscope's current results is -

4.44% to 0.85% (or ±2.45% as average). This calculated range 

is very close to the validation ranges for PV*Sol, SAM, and 

PVsyst published in the NREL report, which range from -5.5% to 

1.4%, -5.0% to 4.1%, and -1.7% to 5.5%, respectively [28]. The 

above results indicate that Helioscope has the lowest error rate 

among the mentioned programs. In this study, only simulated 

solar system data will be drawn, (not real PV system data), to 

ensure that the figures are clear and intelligible. These systems 

will be compared through contextual explanations and tables. 

Figure 6 illustrates an extensive analysis of the PV solar 

system simulation results, including energy output (AC and DC 

energy) and solar irradiation. Solar radiation is direct related to 

output (electricity). The output (AC and DC) gradually increases 

from January through June, peaking, before declining until 

December. The most significant aspect of this section is 

determining the degree of convergence between the simulated 

PV system and actual PV system findings in order to understand 

the simulated PV system's behavior. It should be noted that there 

is a high degree of convergence between the simulated system 

and the Mono-Si PV system in the summer. However, there is 

some divergence in the winter, because the Helioscope uses a 

meteorological database (metenorm) with a specific accuracy 

(not full accuracy), and the simulated PV system tilt angle is 20o, 

which makes production ideal in the summer, autumn, and spring 

while it decreases slightly in the winter. This tilt angle is 

necessary when electricity is needed more in the summer, 

autumn, and spring than in the winter. In terms of annual 

production, Table 1 reveals a strong convergence between the 

simulated PV system and the mono-silicon PV system, indicating 

that the simulated PV system (software) is very close to reality 

[29, 30]. The CIGS PV system is somewhat different from 

simulated PV system, because the CIGS technology has better 

physical characteristics compared to mono-Si PV modules. 

 

Table (1): Production comparison between actual and simulated systems. 

 Simulated PV system Mono-Si PV system (actual system) [29] CIGS PV system (actual system) [30] 

Annual energy output 7819.3 kWh/year 7891 kWh/year 8792 kWh/year 

Maximum value (summer) 784.8 kWh 756 kWh 876.159 kWh 

Minimum value (winter) 438.6 kWh 532.97 kWh 567.9 kWh 
 

 
Figure (6): Solar irradiation, AC and DC energy output..

Figure 7 illustrates the three types of simulated system daily 

yields. It should be noted that all yields reach their maximum 

values in the summer, as the reference yield, final yield, and 

array yield follow the same pattern. The yearly average daily final 

yield and reference yield are 4.3 kWh/kWp and 6 kWh/kWp, 

respectively. This means that a monocrystalline silicon PV 

system in Baghdad operates for only 4.3 hours and receives only 

6 hours of solar radiation  [29]. The maximum final yield and 

reference yield values in May, June, July and August are 5.2 

kWh/kW and 7.4 kWh/kW, respectively. While the maximum 

values in January, February, November and December are 3.1 

kWh/kW and 4 kWh/kW, respectively. Table 2 represents the 

yield comparison between actual and simulated systems. Table 

2 shows a strong convergence between the simulated PV 

system and the actual mono-Si PV system, with a significant 

divergence from the CIGS PV system, indicating that the 

simulated system is close to reality  [29, 30]. 
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Table (2): Final yield comparison between actual and simulated systems. 

 Simulated PV system Mono-Si PV system (actual system) [29] CIGS PV system (actual system) [30] 

Annual average final yield 4.3 kWh/kWp 4.5 kWh/kWp 4.87 kWh/kWp 

Maximum value (summer) 5.2 kWh/kWp 5.3 kWh/kWp 5.97 (or 6) kWh/kWp 

Minimum value (winter) 3.1 kWh/kWp 3.58 kWh/kWp 3.7 kWh/kWp 

 
Figure (7): Ambient temperature, array, final and reference yields. 

Figure 8 illustrates the array and system efficiency of the 

simulated system. Figure 8 depicts the inverse relationship 

between ambient temperature and efficiency. System efficiency 

includes inverter losses, making it lower than array efficiency. 

The maximum and minimum efficiency values occur in winter 

and summer, respectively. Efficiency losses can be used to 

compare the simulated and real systems due to their different 

efficiencies. PV system efficiency losses are calculated based 

on how much actual efficiency differs from nominal. For example, 

the mono-Si nominal efficiency is 16%, whereas the minimum 

value is 10.08%, resulting in an efficiency loss of 5.92% [29]. 

Table 3 clearly shows that the mono-Si PV system has the 

highest losses, being close to the simulated PV system but far 

from the CIGS PV system [29, 30].  

Table (3): Efficiency comparison between actual and simulated systems. 

 Simulated PV system Mono-Si PV system (actual system) [29] CIGS PV system (actual system) [30] 

Nominal efficiency 14.5% 16% 15.3% 

Maximum losses (summer) 4.76% 5.92% 3.62% 

Minimum losses (winter) 3.5% 3.45% 2.51%     

 
Figure (8): Ambient temperature and efficiency. 

Figure 9 depicts the array, system, and total losses. Figure 

9 illustrates the direct relationship between ambient temperature 

and PV solar system losses. The system losses are lowest as 

they just comprise conversion losses (or inverter losses). Figure 

9 and Table 4 illustrate that the highest and lowest overall losses 

occur during the summer and winter, respectively. In this section, 

the Helioscope losses report will be discussed. Figure 10 depicts 

the losses report, which represents the losses (in %) for the 

month with the highest losses (July). The total losses value in 

this report about 33% (2.43 kWh/kWp per day). The losses in this 

report total 33% (2.43 kWh/kWp each day). This value (33%) 

appears exactly in July and almost in June, August, and 
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September, making the PR 67%-68%. The value of 33% exactly 

matches the loss result for a mono-Si PV system. The value of 

2.43 kWh/kWp/day indicates that the PV solar system operates 

only 5 hours out of 7.4 hours (2.4 hours are lost), where 7.4 is 

the reference yield (7.4 kWh/kWp/day). The annual average 

overall loss is about 1.757 kWh/kWp (29%). Table 5 clearly 

demonstrates that the losses of the mono-Si PV system are 

close to those of the simulated PV system but far from those of 

the CIGS PV system in the summer. While the losses of all PV 

solar systems converge in winter [29, 30]. 

Table (4): Losses comparison between actual and simulated systems. 

 Simulated PV system 
Mono-Si PV system (actual 

system) [29] 

CIGS PV system (actual 

system) [30] 

Annual average losses 1.75 kWh/kWp/day (1.75 hour) 1.5 kWh/kWp/day (1.5 hour) 1.2  kWh/kWp/day (1.2 hour) 

Maximum overall losses (summer) 2.43 kWh/kWp/day (2.43 hours) 2.41 kWh/kWp/day (2.4 hours) 1.74 kWh/kWp/day (1.74 hour) 

Minimum overall losses (winter) 0.93  kWh/kWp/day (0.93 hour) 0.71 kWh/kWp/day (0.71 hour) 0.698 kWh/kWp/day (0.698 hour) 
 

 
Figure (9): Ambient temperature and losses. 

 
Figure (10): Helioscope losses report. 

Figure 11 demonstrates the performance ratio and capacity 

factor  . The PR displays all the losses that the solar PV system 

experiences. The most significant atmospheric element 

influencing the PR and CF is ambient temperature, in addition to 

soiling. Annual average PR is 71.5%. PR peaks at 76% in 

January/December (winter) and drops to 67% in 

June/July/August (summer). Regarding CF, it peaks at about 

21% in May, June, July, and August thanks to the appropriate tilt 

angle and day length, leading to increased exposure to solar 

radiation. The yearly average CF is 17.85%, which is equivalent 

to 65.1 days per year, indicating that the PV system produces 

energy at full capacity for about 62.1 days. CF represents the 

percentage of time the PV solar system operates at its rated 

capacity (17.85% of the time per year). CF depends primarily on 

solar radiation intensity, tilt angle, weather conditions such as 

clouds, fog, dust, system design, component efficiency, and 

periodic maintenance. PR is a critical standard for comparing PV 

systems irrespective of tilt angle, orientation angle, solar 

radiation, or rated power.   R differs from CF in that it is affected 

negatively by temperature. As a result, it decreases during the 

hot months and increases during the winter. In contrast, the 

intensity of solar radiation has a positive impact on CF. As a 

result, it rises during months when solar radiation is intense with 

high temperatures, and vice versa [29, 30, 31, 32].  

Tables 5 and 6 show a comparison of the PR and CF 

between the mono-Si PV system, the simulated PV system, and 
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the CIGS PV system, respectively [29, 30]. These tables clearly 

show that the simulated and mono-Si PV systems are very close, 

whereas they differ significantly from CIGS PV system. Table 7 

compares Iraq's PR and CF with those of other countries.
 

Table (5): PR comparison between actual and simulated systems. 

 Simulated PV system Mono-Si PV system (actual system) [29] CIGS PV system (actual system) [30] 

Annual average of PR 72% 74.7% 81.1% 

Maximum PR (winter) 76% 82.7 84.11% 

Minimum PR (summer) 67% 66.5% 76.61%   

Table (6): CF comparison between actual and simulated systems. 

 Simulated PV system  Mono-Si PV system (actual system) [29] CIGS PV system (actual system) [30] 

Annual average of CF  17.85% 17.7% 20.3% 

Maximum CF (summer) 21.7% 20.85% 25%  

Minimum CF (winter) 12.5% 13.7% 15.4% 
 

Table (7):  PR and CF parameters comparison between Iraq and different countries. 

Country PR CF Ref 

Iraq  66.5% - 82.7% 13.7% - 20.85% [30] 

Egypt  63% - 82% 12.75% - 17.5% [33] 

Jordan 87.5% (annual average) 18.7% (annual average) [34] 

Oman  82.3% (annual average) 21.4% (annual average) [35] 

Algeria 60.065 – 83.6% 15.4% - 24.42% [36] 

India 68% - 82% 16% - 20% [37, 38] 

Mauritania  63.6% - 73.6% 11.6% - 20.5% [39,40] 

Brazil  72.9% - 91.9% 15.5% - 23.1% [39] 
 

 

Figure (11): Performance ratio and capacity factor. 

Verification of Helioscope accuracy  

The accuracy of the Helioscope software is calculated by 

comparing it to an actual solar PV system with the same 

technical characteristics. This comparison was made using the 

comparison parameters: power output (if the both systems have 

the same rated power), PR, CF, energy yield, and overall losses. 

The accuracy of the simulated solar PV system increases as it 

approaches the actual solar PV system.  The actual PV system 

is a 5 kW grid-connected mono-Si mounted in Baghdad. Table 9 

displays the comparison between Helioscope PV system and 

actual PV system (mono-Si PV system) [26].  

Table (9): Comparison between Helioscope and mono-Si PV solar systems. 

Performance parameter Actual PV system (mono-Si) [26] Helioscope PV system Error Helioscope Accuracy ratio 

Energy output 7891 kWh 7819 kWh -0.91% 99.09% 

CF 17.75% 17.85 % 0.85% 99.15% 

PR 74.7% 72% -3.61% 96.4% 

AC Energy (final) yield 4.5 kWh/kWp/day 4.3 kWh/kWp/day -4.44% 95.6% 

Average -4.44% to 0.85% 97.55% 

 

Conclusions  

Helioscope software doesn’t provide all performance 

parameters. Helioscope average accuracy is 97.55%. 

Helioscope software provides an annual average of PR, while 

the losses are for the hottest month only. Helioscope software 

provides comprehensive technical and electrical details. The 

annual energy production of the CIGS, mono-silicon, and 

Helioscope systems is 8,792 kWh, 7,891 kWh, and 7,819.3 kWh, 

respectively. Thus, the Helioscope is very close to a mono-silicon 

PV system  but far from a CIGS PV system Annual average 
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overall losses for CIGS, mono-Si and, Helioscope PV systems 

are 19.9%, 24.5% and 29%, respectively. 

PR and CF parameters for Iraq are excellent compared to 

many countries. CIGS PV solar system performance ratio is 

better than simulated and mono-Si PV systems because the 

temperature coefficient of CIGS PV modules is lower than that 

of silicon PV modules technology. The annual averages of PR 

and CF for CIGS, mono-Si and, Helioscope systems are 81.1% 

& 20.3%, 74.7% &17.75%, and 72% & 17.85, respectively. CIGS 

PV solar modules are more suitable for the hot climates of Iraq 

than mono-Si technology. Ambient temperature and solar 

radiation are the most influential weather factors on the 

performance of solar PV systems.  Helioscope validation is -

4.44% to 0.85% or ±2.45% as average.  

The authors propose: 

1. Adding cooling technology to solar PV systems to improve 

their performance. 

2. Use simulation tools before constructing the PV solar 

systems. 
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