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ABSTRACT 

Solar energy is considered a sustainable and clean source of power. Even so, solar cells face 

challenges such as the low efficiency of some systems and the need for large installation 
areas. Therefore, efforts have been directed toward developing technologies like perovskite 
solar cells to improve efficiency and reduce the need for large spaces. The experimental work 
was conducted under outdoor exposure in Baghdad, Al-Jaderia. The readings were taken on 
selected days, where the atmospheric conditions of clear sky. To study the impacts of 
temperature variations on solar performance, solar irradiance must be kept constant and 
vice versa. Therefore, to have a temperature range and for more accuracy, the measurements 
were done for the tested module with five solar radiation levels: 200, 400, 600, 800, and 
1000 W/m2. The optimum conditions that it have the best performance are achieved when 
the solar module works at a low ambient temperature. The highest power at solar radiation 
1000W/m² was 446.2 mW and at module temperature 43 C°, while the minimum 
corresponding  64  mW at solar radiation 200W/m2 and module temperature of 43.6 C°. The 
highest open voltage equals 10.80 V, and at a module temperature of 43 C°, and maximum 
short current 77 mA at solar irradiance 1000W/m2 and module temperature 58 C°. The best 
value of fill factor was achieved 0.661 at solar irradiance 200 W/m2 and module temperature 
43.6 C°. While the best efficiency value 8.9 % at solar radiation 1000 W/m2, and module 
temperature 43 C°.  
 
Keywords: Perovskite solar module, Voltage, Current, Power, Solar irradiance. 
 
1. INTRODUCTION 
 

Today, more work has been done in photovoltaic (PV) technology because of the 
introduction of new generation solar systems (Kosyachenko et al., 2014; Chatzisideris et 
al., 2016; Xu et al., 2017). Perovskite have the newest photovoltaic technology, because of 
low price and high efficiency (Wang et al., 2015; Huang et al., 2015; Kung et al., 2015). 
Perovskite materials are the key to high solar module performance and activity, and many 
workers try to achieve that (Haider et al., 2020; Cui et al., 2014; Rahul et al., 2017). 
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The first Pervoskite building was made by Tsutomu Miyasaka's Tokyo-based company with 
an efficiency of 2.2% in 2006 (Kojima et al., 2006; Yusuf et al., 2024), and after a few years, 
they enhanced it to 3.8% (Kojima et al., 2009; Ren et al., 2021). After that, the efficiency 
jumped to 25.2%  in 2019 (Shao et al., 2024; Szabó et al., 2023; Hossain et al., 2023). 
Enhancement of Perovskite material through the use of different materials, like 
methylammonium lead tri-iodide-based. Unstable manufacturing materials and toxicity may 
impose limitations in the production line (Assadi et al., 2018; Cheng et al., 2016; Lekesi 
et al., 2022; Minemoto et al., 2020). A study on PSCs with a Sn–Ge hybrid perovskite 
composition (FA₀.₇₅MA₀.₂₅Sn₀.₉₅Ge₀.₀₅I₃) reported a PCE of 4.48%, alongside enhanced air 
stability resulting from the Ge incorporation (Ito et al., 2018; Farhadi et al., 2021; Sabbah 
et al., 2023). Recently, a perovskite solar cell designed with a dual absorberion layer 
structure (MASnI₃/MAPbI₃) was simulated and investigated, achieving an impressive power 
conversion efficiency (PCE) of 30.88%. More work has been done on solar panel modeling 
and maximum power point tracking (Hashim et al., 2018 a and b; Mohammed et al., 
2019). Operating solar module temperature is considered a major parameter affecting solar 
cell performance (Hashim and Abbood, 2016). They also stated that there is a linear 
proportionality between outlet power and solar module operating temperature. (Hashim, 
2016; Hashim and Abbood, 2016). found the four parameter model using different 
methods:  slope method, and explicit simplified method. The accuracy of these methods, as 
it’s compared with the measured data is 5%, 7.9%, and 9.3%, respectively. (Katee et al., 
2021) made experimental measurements for current, voltage, and power for two kinds of 
solar modules. These data were used to extract a four-parameter model using two different 
extraction methods. For monocrystalline solar panels, the percentage errors are 5% and 8% 
for the iterative method and simplified explicit, while for the corresponding copper indium 
gallium diselenide, they are 10% and 9%. More work concerned with modeling solar 
modules is available in these references (Hashim et al., 2018; Kadia et al., 2022). More 
recent studies have examined key factors influencing the performance of floating 
photovoltaic  systems on major water bodies in Iraq, along with the simulation of a 100 MW 
solar power unit (Abdulhadi et al., 2025; Faisal and Hashim, 2025).  
The present work aims to make performance evaluation of perovskite solar cells with some 
important operating conditions like solar radiation and operating module temperature 
(function of ambient temperature). 
 
2. BASIC ELECTRICAL PARAMETERS FOR SOLAR MODULE 
 

2.1 Short Circuit Current 
 

The short circuit current (𝐼𝑠𝑐) refers to the highest current that a solar cell can produce when 
there is no external load (i.e., when 𝑅𝐿 = 0) or when the circuit is shorted. At this point, the 
voltage across the cell drops to zero (Katee et al., 2021). These current results from the 
generation and collection of charge carriers produced by light. The magnitude of 𝐼𝑠𝑐 is 
primarily determined by the number of incoming photons, the spectral distribution, the 
surface area of the cell, its optical characteristics, and how efficiently the photogenerated 
charge carriers are captured. Fig. 1 illustrates the graphical representation of 𝐼𝑠𝑐. 
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Figure 1. Isc and Voc representing in VI curve (Katee et al., 2021). 

 
2.2 Open Circuit Voltage 
 

The maximum voltage extracted from a solar cell when the load of resistance  at (𝑅𝐿 = ∞) is 
defined as such open circuit voltage (𝑉𝑜𝑐). Under open-circuit conditions, when no loads are 
connected to the solar cell, the current becomes zero while the voltage reaches its peak value 
(Ullah et al., 2013). From the equation of a solar cell, 𝑉𝑜𝑐 can be derived through setting net 
current equal to zero, as shown in Eq. (1). 
 

𝑉𝑜𝑐 =
𝑛𝜅𝑇

𝑞
𝑙𝑛 (

𝐼𝐿

𝐼𝑜
+ 1) 𝑎𝑡 𝐼 = 0                                                                                                                (1) 

 

Based on the equation above, the open-circuit voltage relies on 𝐼0 (saturation current) as 
well as 𝐼𝐿 (light-generated current). 𝐼0 is influenced by the rate of recombination within the 
solar cells. Thus, 𝑉𝑜𝑐 serves as an indicator of the level of recombination within a solar cell. 
The open circuit voltage is illustrated graphically in Fig. 1. 
 

2.3 Fill Factor 
 

The fill factor (FF) serves as an indicator of the quality of a photovoltaic cell and is 
determined by comparing the greatest obtainable power (𝑃𝑚𝑎𝑥) to the theoretical power (𝑃𝑡). 
Where the theoretical output power (𝑃ₜ) corresponds to the product of the open circuit 
voltage (Voc) and the short circuit current (Isc) as shown at Eq. (2) and (3) (Khattak et al., 
2018). Graphically, the fill factor is represented such the ratio between two rectangular 
areas, as illustrated in Fig. 1. 

𝐹𝐹 =
𝑃𝑚𝑎𝑥

𝑃𝑡
                                                                                                                                                    (2) 

𝐹𝐹 =
𝑉𝑚𝑎𝑥𝐼𝑚𝑎𝑥

𝑉𝑜𝑐𝐼𝑠𝑐
                                                                                                                                            (3) 

 

2.4 Maximum Power 
 

The output power of a solar cell, measured in watts, is the result of multiplying the voltage 
by current and is defined as Eq. (4). 
 

   𝑃𝑜𝑢𝑡 = 𝑉𝑜𝑢𝑡𝐼𝑜𝑢𝑡                                                                                                                                         (4) 
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Under both short circuit and open circuit conditions, no power is produced. The output 
power becomes zero if either the current or the voltage is zero. The system delivers 
maximum power when both the voltage and current reach their optimal values, as Eq. (5). 
                  
 𝑃𝑚𝑎𝑥 = 𝑉𝑚𝑎𝑥𝐼𝑚𝑎𝑥                                                                                                                                        (5) 
 
The maximum power, expressed in terms of the fill factor, can be calculated using Eq. (3) in 
Eq. (5) to get Eq. (6). 
               
  𝑃𝑚𝑎𝑥 = 𝑉𝑜𝑐𝐼𝑠𝑐𝐹𝐹                                                                                                                                        (6) 

  
2.5 Efficiency 
 

Efficiency (η) represents the relative of effective output power to the total input power, 
usually quantified in percentage terms, as shown in Eq. (7) and (8). 

   η =  
𝑃𝑜𝑢𝑡

𝑝𝑖𝑛
 ×   100%                                                                                                                                  (7) 

 η =  
𝑉 ×  𝐼 

𝐺 ×  𝐴
  ×   100%                                                                                                                              (8) 

 
3. METHODOLOGY AND EXPERIMENTAL MEASUREMENTS 
 

A perovskite solar module had been examined, which is from the fourth-generation solar 
module family. Table 1 shows the module specifications as given by the manufacturers at 
reference Standard Test Conditions (STC). The solar cell is calibrated in a fixed procedure 
supplied by the manufacturer. The Wireless Weather Sensor has 19 measurements: weather, 
light, and  GPS. More details for the Wireless Weather Sensor are available in Fig. 2.  
Solar module analyzer PROVA 210A  is used to test the characteristics (𝑉𝑜𝑐, 𝐼𝑠𝑐 , 𝑉𝑚 , 𝐼𝑚 and 
𝑃𝑚). PROVA 210A generates the I-V curve by changing an internal resistive load with time 
from zero to infinity; therefore, for each value of load, there is a value for voltage and current 
from (0, 𝐼𝑠𝑐) to (𝑉𝑜𝑐,0). The general specifications of the solar module are given in Table 2. A 
vector for the module output power results from multiplying the I-V vectors. Tracing the 
maximum point of the power vector gives the value of maximum power, and the respective 
value of current and voltage locates the point of the highest power. The device has an option 
to set up the values for both solar radiation and solar area module Fig. 3.  

 
Table 1. Perovskite solar module specifications at 25 C° and 1 atm. 

 
Area, 
 cm2 

Voc,  
V 

Isc,  
mA 

Peak  
power, 
mW 

Peak 
voltage, 
V 

Peak 
current, 
mA 

No. 
of 
cells 

Efficiency 
% 

Production 
data 

56.787 10.999 83.589 703.2 9.35 75.21 1 8.94 2024 
Dimensions Weight, gm 

Length, mm With, mm Thickness, mm 
100 100 10 155 
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Figure 2. Wireless Weather Sensor with 19 measurements 

 
Table 2 Specifications of solar module analyzer (Prova 210) 

 

Battery type Rechargeable, 2500mAh (1.2V) * 8 

AC Adaptor AC 110V or 220V input 
DC 12V/1~3A output 

Dimension 257(L) * 155(W)  * 57(H)  mm 
Weight 1160g 
Operation environment 0 °C - 50 °C , 85% RH (relative humidity) 
Temperature coefficient 
 

0.1% of full scale/ °C 
(< 18 °C or > 28°  C ) 

Storage environment -20° C ~ 60 °C , 75% RH 
Accessories 
 

User manual * 1, AC adaptor*1 
Optical USB cable*1 
Software CD *1, software manual *1 
Kelvin clips( 6A max) *1 set 

DC voltage measurements 
Range Resolution Accuracy 

0-6 0.001V ±1% ±(1% of Vopen±9 mV) 
6-10 V 0.001V ±1% ±(1% of Vopen±0.09 V) 

10-60 V 0.01 V ±1% ±(1% of Vopen±0.09 V) 
DC current measurements 

Range Resolution Accuracy 
0.01-6 A 0.1mA ±1% ±(1% of Ishort n±0.09 mA) 
0.6-61A 0.1mA ±1% ±(1% of Ishort n±0.09 mA) 

1-6 A 1mA ±1% ±(1% of Ishort n±0.09 mA) 
 
4.  EXPERIMENTAL WORK PROCEDURE 
 

The present work was done from July 2024 to April 2025. The experimental work was 
conducted under outdoor exposure in Baghdad- Al-Jaderia. The readings were taken within 
the time 9:00 am-2:00 pm on selected days (4,11,22,25/9/2024, 1,9,16,23/10/2024, 
6,13,18,25/11/2024, 1,11,18,23/12/2024, 8,15,22/1/2025, 27,17/2/2025, 12/3/2025, 
6/4/2025, where the atmospheric conditions of clear skies with no clouds, no dusty days, 
and no rain fell. To study the effects of temperature variations on solar performance, solar 
irradiance must be kept constant and vice versa. Therefore, to have the temperature range 
and for higher accuracy, the measurements were done for the tested module with five solar 
radiation levels: 200, 400, 600, 800, and 1000 W/m2. 
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Figure 3.   Prova 210A Solar Module Analyzer resp. 

 

The solar module analyzer (Prova 210) needs 10 seconds to make a scan with variable to 
supply the curves of  I-V and P-V characteristic, and this time at outdoor conditions is enough 
to have a constant solar radiation. The module is cleaned before the tests. The solar module 
is fixed to the south direction with tilted angle 45o then recording the module back side 
temperature (using thermocouple) and start the IV scanning process, which is done by the 
Solar Module Analyzer, then save the data in the computer as illustrated in Fig. 4. The 

diagram of the schematic is shown in Fig. 5. 
 

 
 

Figure 4. Setup of the experiment 

 
Figure 5. schematic diagram Setup of the experiment 
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5. RESULTS AND DISCUSSIONS 
 

5.1 Electric Solar Module Parameters 
 

Tables 3-5 show solar Pervoskite photovoltaic solar module parameters Tc(C°), Voc(V), 
Isc(A), Pmax(W), Vmax(V),  Imax(A), η (%), and FF) with solar module operation temperature for 
solar irradiance of 200, 400, 600, 800 and 1000 W/m² respectively. Tables 3-5 also contain 
solar module temperature (Tc).  The heat generated in the module depends on the amount 
of solar radiation incident on the module and, conversion efficiency.  
The maximum power (Pmax) at solar radiation intensity 1000W/m² is 446.2 mW and at 
module temperature 43 oC, while the minimum corresponding one is  64  mW at solar 
irradiance 200W/m2 and module temperature of 43.6 C°.The highest open voltage equals to 
10.80  V, and at a module temperature of 43 C°, and maximum short current is equal to 77 
mA, and at solar irradiance 1000W/m2 module temperature is 58 C°. The best value of FF 
achieved is 0.661 at G=200 W/m2 and Tc=43.6 C°. While the best efficiency value is 8.9  % at 
G=1000 W/m2 and Tc=43 C°. 
 

Table 3. Electrical parameters of  Perovskite photovoltaic solar module at different  solar  radiation 
and ambient temperature of 25 C° 

 

cT 
C° 

G 
2W/m 

ocV 
V 

scI 
mA 

mV 
V 

mI 
mA 

mP 

mW 

FF η 
% 

28.6 200 9.444 14 5.415 13 69.31 0.524 6.9 
32.2 400 10.01 26 5.647 22 124.7 0.486 6.2 
35.8 600 10.36 41 5.800 35 200.1 0.466 6.6 

39.4 800 10.55 58 8.328 35 292.3 0.478 7.3 

43 1000 10.80 71 7.761 58 446.2 0.583 8.9 

 
Table 4. Electrical parameters of Perovskite photovoltaic solar module at different solar radiation 

and ambient temperature of 30 C° 
 

cT 
C° 

G 
2W/m 

,ocV 
V 

scI 
mA 

mV 
V 

mI 
mA 

mP 

mW 

FF η 
% 

33.6 200 9.228 18 5.392 16 83.6 0.508 8.3 
37.2 400 9.758 33 5.399 29 156.5 0.493 7.8 

40.8 600 9.986 48 7.927 31 247.3 0.511 8.2 

44.4 800 10.13 61 7.666 42 323.5 0.524 8.1 

48 1000 10.54 71 7.588 56 427.9 0.575 8.6 

 
Table 5. Electrical parameters of Perovskite photovoltaic solar module at different solar radiation 

and ambient temperature of 40 °C. 
 

cT 

C° 
G 

2W/m 
ocV 

V 
scI 

mA 
mV 

V 
mI 

mA 
mP 

mW 

FF η 
% 

43.6 200 8.038 12 5.802 11 64 0.661 5.6 

47.2 400 8.746 32 6.407 25 162 0.572 7.1 

50.8 600 8.85 30 6.401 21 136 0.506 3.9 
54.4 800 9.342 59 6.579 38 253 0.453 5.5 

58 1000 9.64 77 6.494 50 324 0.437 5.7 
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Figs. 6 to 11 shows the usual I-V and P-V curves at the selected solar radiations, 200,400, 
600,800, and 1000 W/m2 and at varous ambient temperatures: 25, 30, and 40 C°. The 
characteristic curves (voltage-current and voltage–power) are examined with solar module 
factors. The different I-V and P-V curves are investigated by varying solar cell parameters. 
For ambient temperature  25 C°, 30 C°, and 40 C°, irradiation modifications are rendered 
(200W/m2, 400W/m2, 600W/m2, 800 W/m2,1000W/m2) 
 
5.2 Characteristic  Voltage-current and Voltage-power Curves  of  Solar Module 
 

Figs. 6-11 summarizes the characteristic curves for the mentioned conditions. More power 
will be attained by more solar insolation incident and which leads to high current. The photo 
current generated by the incident light remains largely stable, with only a slight increase 
observed as the voltage varies. Voltage and power are reduced by solar module temperature 
increase. 
 

 
Figure 6. Voltage-current characteristic curve of perovskite solar module at different solar 

insolation  and ambient temperature of  25 C° 

 
Figure 7. Voltage-power characteristic curve of perovskite solar module at different solar 

insolation and ambient temperature of 25 C°. 
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Figure 8. Voltage-current characteristic curve of perovskite solar module at different solar 

insolation  and ambient temperature of  30 C° 

 
Figure 9. Voltage-power characteristic curve of perovskite solar module at different solar 

insolation  and ambient temperature of  30 C° 

 
Figure 10. Voltage-current characteristic curve of perovskite solar module at different 

solar insolation and ambient temperature of 40 C° 
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Figure 11. Voltage-power characteristic curve of perovskite solar module at different solar 

insolation and ambient temperature of 40 C° 
 

 max, and Poc, Vsc5.3  Solar Module Operating Temperature Effect on I 
 

The temperature sensitivity of PV modules is a critical aspect of their electrical output 
performance. During operation, a significant portion of solar irradiance is transformed into 
useful electricity, typically around 20%, while the remainder is dissipated as heat. This heat 
generation increases the module operating temperature, which in turn affects the module's 
electrical parameters, particularly the open-circuit voltage (Voc). An elevated operating 
temperature can have detrimental effects on the performance of PV modules. Higher 
temperatures generally reduce the Voc, which is an essential parameter for optimizing the 
system's power output. A lower Voc means that the module needs to apply more voltage to 
initiate electricity generation, leading to a decrease in overall power output. This reduction 
in power output can strongly influence the efficiency and profitability of solar energy 
systems. Increasing the operating solar module led to an increase in reverse saturation 
current of photvoltic module (recombination of photons) and this will lead to a power drop 
and decrease in module efficiency and performance. In fact, the optimum conditions for 
optimum performance of a solar module when it is operated at low temperature. Moreover, 
the temperature variation also affects other electrical parameters of the Pervoskite solar 
module, like fill factor (FF) and short circuit current (Isc) . These parameters are also critical 
for enhancing the performance of the solar system.  As temperatures rise, the Isc and FF 
typically decrease, further contributing to the reduction in power output. Understanding the 
temperature sensitivity of PV modules and the associated electrical parameters is crucial for 
designing, installing, and maintaining solar energy systems. By accounting for temperature 
fluctuations and their impact on module performance, researchers and system designers can 
develop strategies to mitigate these effects and ensure that solar energy systems operate 
efficiently and effectively over their entire operating temperature range. 
To analyze the data, a scatter plot was used between 𝐼𝑠𝑐  and 𝑉𝑜𝑐 for different solar 
irradiances:200, 400, 600, 800, and 1000 W/m2, and the corresponding module operating 
temperatures (available in Figs. 12 and 13). Fig. 12 shows a slight increase in Isc values and 
a decrease in Voc values represented in Fig.13.  
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Figure 12.  Variation of short circuit current (Isc ) with operating solar module 

temperature (Tc) at different solar radiations (G). 

 
) c) with operating solar module (TocVariation of open circuit voltage (V  Figure 13.

temperature at different solar radiations (G) 
 

Fig.14 shows the variation of maximum power (Pmax) voltage with operating solar module 
(Tc) temperature at different solar radiations (G), which summarizes an increase of solar 
module power output with increasing solar radiation despite module temperature change. 
The highest value of power at solar radiation intensity 1000W/m² was 456.6 mW, and the 
minimum corresponding one is 64 mW at solar irradiance 200W/m2.  
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5. CONCLUSIONS 
 

Higher temperatures generally reduce the Voc, which is an essential parameter for 
optimizing the system's power output. The temperature variation also affects other 
electrical parameters of the Pervoskite solar module, like short circuit current (Isc) and fill 
factor (FF). A reduction in power output can significantly impact the efficiency and 
profitability of solar energy systems. This reduction in the power of solar modules is a 
function of the decrease in solar irradiance values. The maximum value of power at solar 
radiation intensity 1000W/m² was 456.6 mW, and the minimum corresponding one is 64 
mW at solar irradiance 200W/m2. Finally, one can conclude that optimum module 
performance is attained with the lowest module operating temperature. For future work, 
more work needs to be done on environmental conditions on pervoskite solar module, like; 
humidity, dust, shadow, soiling, and wind speed. 
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 تقييم أداء وحدة الخلايا الشمسية البيروفسكايتية تحت نطاق واسع من ظروف التشغيل 

 
 عمر محمد شاكر*، عدوية علي حمزة، عماد طالب هاشم 

 

 ، جامعة بغداد ، بغداد ، العراق كلية الهندسة  ،  قسم الطاقة  

 
 الخلاصة

تعتبر الطاقة الشمسية مصدرا مستداما و نظيفا للطاقة, ومع ذلك تواجه الخلايا الشمسية تحديات مثل انخفاض كفاءة بعض  
الأنظمة و حاجتها لمساحات واسعة وقد تم التوجه الى تطوير تقنيات مثل خلايا البيروفسكايت الشمسية لتحسين الكفاءة و تقليل  

الجادرية. تم أخذ القراءات في    –اء العمل التجريبي تحت ظروف التعرض الخارجي في بغداد  الحاجة للمساحات الكبيرة. تم إجر 
أيام محددة، حيث كانت الظروف الجوية عبارة عن سماء صافية دون غيوم. ولدراسة تأثير تغيرات درجة الحرارة على أداء الطاقة  

لحصول على مدى واسع من درجات الحرارة وزيادة  الشمسية، يجب الحفاظ على ثبات الإشعاع الشمسي، والعكس صحيح ول
  800،  600،  400،  200الدقة، تم إجراء القياسات للوحدة الشمسية المختبرة عند خمسة مستويات من الإشعاع الشمسي:  

ودرجة حرارة   ²واط/م  1000ميلي واط عند شدة إشعاع شمسي مقدارها    446.2. أعلى قدرة تم تسجيلها كانت  ²واط/م  1000و
ودرجة  ²واط/م 200ميلي واط عند إشعاع شمسي مقداره  64درجة مئوية، في حين أن أقل قيمة للقدرة كانت  43لية بلغت الخ

درجة مئوية    43فولت عند درجة حرارة الخلية    10.80درجة مئوية.أقصى جهد في حالة الدائرة المفتوحة بلغ    43.6حرارة الخلية  
  ²واط/م  1000ميلي أمبير عند إشعاع شمسي مقداره    77ار في حالة القصر، وأقصى تي²واط/م  1000عند إشعاع شمسي  
  ²واط/م  200عند شدة إشعاع شمسي    0.661درجة مئوية. تم تحقيق أفضل قيمة لعامل الامتلاء وبلغت    58ودرجة حرارة الخلية  

ودرجة    ²واط/م  1000عاع  % عند شدة إش8.9في حين سُجلت أعلى كفاءة تحويل للطاقة بنسبة    43.6ودرجة حرارة للوحدة  
 درجة مئوية. 43حرارة 

 الإشعاع الشمسي ،  الجهد الكهربائي  ، التيار الكهربائي  ، القدرة. ، وحدة شمسية من البيروفسكايت الكلمات المفتاحية:
 
 


