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1.Introduction 
Among the renewable energy resources, photovoltaic 

(PV) cells technology plays a big and an important 

role in reducing the greenhouse gas emissions [1, 2]. 

Based on the worldwide energy production data, PV 

generates over 40 GW yearly and provides many job 

opportunities [3]. There are three traditional types of 

PV cells like: mono-crystalline, polycrystalline and 

thin film cells. Now, the researchers have developed 

another type of cells, such as: multi-junction, 

perovskite, and quantum cells [4, 5].  

 

The PV cell/module can be characterized by the 

direct current (DC) electrical parameters: open circuit 

voltage (VOC), short circuit current (ISC), peak voltage 

(Vmp), peak current (Imp) and peak power (Pmax) [6] 

that tested at the standard test conditions (STC) (solar 

irradiation 1000 W/m
2
, air mass 1.5 and module 

temperature of 25°C) [7].  
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In general, the performance of PV modules is 

determined according to the Pmax which identifies the 

maximum electric power supplied by the panel at 

STC [8]. Increasing the operating temperature of the 

PV module more than 25°C has a significant passive 

effect on these parameters except the ISC, which 

slightly increases [9]. 

 

The variation of module temperature depends on 

several parameters. 

 

These parameters can be divided into two groups 

such as: environmental conditions (solar irradiance, 

ambient temperature and wind speed) [10] and 

specification of cell materials (absorption and 

reflectivity of materials and heat transfer coefficients 

for air) [11]. In most locations, the operating 

temperature of module varies from 0 to 60
o
C while in 

semiarid area reached to 80
o
C. In addition, the 

operating temperature of PV can be reached below 

20
o
C [12]. In other words, long-term high-

temperature operation of PV modules leads to a high 

degradation rate in the peak power of PV modules. 

The main objective of this work is to study 
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The output parameters of photovoltaic (PV) module are influenced by temperature variation. If the module temperature 

increases, most of parameters negatively decrease. In this work, an experimental investigation was performed to evaluate 

the performance of a commercial polycrystalline silicon PV module under Iraqi harsh weather conditions. The 

experimental test was carried out at the campus of the Middle Technical University, Baghdad, Iraq with metrological 

conditions at (33.3 N 44.4 E) during a selected day of July 2021. The temperature of PV module and electrical 

characteristics were measured. In addition, the current-voltage curve (I-V) and power-voltage curve (P-V) curves were 

drawn. The measured data showed that the PV temperature was varied from 35.2 oC at 7:00 am to 69 oC at 2:00 pm.  The 

maximum electrical power was recorded 123 W at 12:00 pm with solar irradiance 961 W/m2. Furthermore, the average 

electrical efficiency was recorded a highest value about 16.6% at the solar radiation value of 318 W/m2 around 7:00 am. 

On the other side, the fill factor was recorded a maximum value about 76%. 
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experimentally the performance of the PV module 

under harsh weather conditions of Iraq with operating 

temperature reached to 69
◦
C. The performance of PV 

module represented by the output electrical 

characteristics was measured and represented in 

tables and graphs. The previous studies in the 

literature that related to the current study were 

reviewed in section 2. The methods and experimental 

setup employed in testing the PV module were 

presented in section 3. Section 4 covers the 

experimental results according to the sequence of the 

steps of experimental setup. In addition, section 5 

deals with the discussion of the results. Finally, the 

conclusions and future work were covered in section 

6. 

 

2.Literature review 
Among the previous studies, a number of researchers 

were studied the performance of the PV module 

under different ambient conditions.  For example, 

Feshaki et al. [13] experimentally studied the 

influence of cloudy weather on the efficiency of PV 

module. They found that the output voltage was 

decreased by 4.6% by increasing the module 

temperature while, a slight increase in the output 

current of the PV was recorded.  

 

Amelia et al. [14] tested the efficiency of PV module 

under the influence of operating temperature using 

PV system simulation software. The simulation 

results showed that the efficiency was reached to 

12.27% in the worst weather conditions at 65°C. 

While, it was increased to 3.08%, 13.88%, and 

14.66%, at 55°C, 45°C, and 35°C respectively.  

 

Ghazia and Ip [15] studied the effect of 

meteorological factors and particles deposited on the 

board’s surface on the PV efficiency. Their results 

revealed that the output power of PV module can be 

reduced by up to 60% in hot and dusty weather 

conditions.  

 

In addition, the study of Enaganti et al. [16] showed 

that the natural dust deposition significantly reduces 

energy output of PV modules. Furthermore, Fouad et 

al. [17] performed an experimental study to 

investigate the influence of integration many factors 

like temperature, PV system type, installation, and 

cost factors on the PV efficiency.  Their results show 

that the temperature increasing consider the main 

important factors that highly reduce the PV cell 

efficiency comparing with the others investigated 

factors. 

 

Touati et al. [18] studied the sensitivity of different 

PV systems to the dust, ambient temperature, and 

relative humidity in Qatar. Their results reveal that 

the higher temperatures and dust accumulation have a 

greater effect on reducing the efficiency by 10% of 

the amorphous and mono-crystalline PV modules.  

 

Adeeb et al. [19] investigated the influence of the 

ambient temperature on the performance of several 

PV modules installed in Amman, Jordan. They 

observed that the thin-film PV modules were less 

affected by temperature, with the temperature 

coefficients being -0.0984% for mono-crystalline and 

-0.109% for the poly-crystalline, respectively. 

 

The effect of ambient temperature on the output 

electrical characteristics of PV cell was investigated 

by [20−23]. The results show that the solar cell is 

highly affected by the increasing temperature of the 

ambient air. In the same manner, the influence of 

ambient temperature on the performance of different 

grid connected PV system was presented in [24−26] 

studies. The results revealed that the highest average 

thermal losses in annual DC energy yield were 8% of 

mono-crystalline silicon (mono-c-Si) and 9% for 

multi-crystalline silicon (multi-c-Si) technologies 

over the evaluation period, while the average losses 

for thin-film technologies were 5%. When utilizing 

the outside temperature coefficients, similar losses 

were discovered. Also, they found that the increase in 

power attributed to thermal annealing resulted in a 

power increase of up to 8.4% in some cases. 

 

 In the study of Ameur et al. [27], three PV modules 

technologies made from silicon were selected to test 

and analyse their long-term performance, 

degradation, and economic. The PV module 

technologies include amorphous silicon (a-Si), 

polycrystalline silicon (P-Si), and monocrystalline 

silicon (m-Si). In terms of performance ratio, the 

results show that the (p-Si) and (m-Si) technologies 

are better than (a-Si). While, in terms of degradation, 

the regression results show that the a-Si degrades 

faster than its counterparts. In addition, the analysis 

of the levelized cost of energy (LOCE) showed that 

the p-Si technology is the most cost-effective system. 

 

A mathematical model for a single diode was 

investigated by Gong et al. [28] to study and analyse 

the effect of temperature and irradiance on the 

performance of multicrystalline and thin-film 

modules. The analysis of results showed that the 

performance of PV modules was more sensitive to 

temperature than irradiance. While the performance 
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of the thin-film module was better than the 

performance of the crystalline module at high-

temperature conditions. Previous researches dealt 

with several studies on the performance of the 

different technologies of PV module at different 

ambient conditions around the world. The objective 

of this study is to analyze the performance of the PV 

module in Iraq under extreme heat conditions.  

 

3.Materials and methods 
3.1Mathematical formulations  

The maximum electrical power is defined as the peak 

power of PV module at maximum power point 

voltage Vmp and current Imp [29, 30] (Equation 1): 

               (1) 

 

Where: Vmp and Imp are the maximum power point 

voltage and current.  

The electrical efficiency (η) considers one of the 

important parameters employed to examine and to 

determine the performance of the PV module. 

Generally, it is defined as the ratio of energy output 

obtained from the PV module to the energy input of 

the solar irradiance [31, 32] (Equation 2). 

          ⁄     (2) 

 

Where: G is the solar irradiance (W/m
2
), and A is the 

surface area of the PV module (m
2
). 

 

Fill factor is defined as the ratio of maximum power 

to the theoretical power of PV [33] (Equation 3). 

                 ⁄    (3) 

 

Where: Voc is the open-circuit voltage (V) and the Isc 

is the short circuit current (A).  

 

3.2Experimental setup   

A commercial polycrystalline PV module with type 

Fortuner (FRS-165 W) was selected to test in this 

demonstration. The technical data of PV module is 

presented in Table 1.  The PV module was supported 

on a steel frame with inclination angle 33
o
 towards 

the south as shown in Figure 1. The experimental 

work was performed on the campus of the Middle 

Technical University, Baghdad, Iraq at (33.3 N 

44.4 E). Seaward PV200 Solar PV Tester and 

current-voltage curve (I-V) Curve Tracer was used to 

measure the output characteristics of PV module. The 

Seaward PV200 is a multifunctional portable PV 

power meter that can determine various 

measurements such as: open circuit voltage (Voc), 

short circuit current (Isc), peak voltage (Vmp), peak 

current (Imp) and peak power (Pmax) as well as draw 

the I-V and power-voltage curve (P-V) curves of the 

PV module. A solar survey 200R element was 

integrated and synchronized with the Seaward PV200 

to measure the ambient temperature, solar radiation 

and back cell temperature. All measured data will be 

stored directly in the PV200 and then transferred to 

the computer to draw the I-V and P-V curves via 

Solarcert software. This software is attached to the 

PV200 and is installed on the computer to display the 

I-V and P-V curves as well as other PV output 

measurements. Additionally, the temperature 

distribution of the PV module was also measured by 

using a digital thermal camera (Fluke). The digital 

thermal camera was used to provide an accurate 

temperature distribution of the front side PV module 

surface during the test. Moreover, anemometer was 

used to measure the wind velocity. The flowchart of 

experimental method and sequence of measurements 

are represented in Figure 2.  

 

As shown in Figure 2, the experiment procedure can 

be summerized as: 

 Step 1: A commercial polycrystalline PV module 

with type Fortuner (FRS-165 W) was selected and 

supported on steel frame with inclination angle 33
o
 

towards the south. 

 Step 2: Four main devices of measurments were 

used to collect the data of test. 

 Synchronization process between device (a and b) 

was done to consoldate the ambient conditions 

with the output electrical charactersictics of PV 

module.   

 In step 2(c), the wind speed was  measured and 

drawn with the local time. 

 In step 2(d), the thermal images of the front 

surface for PV module were photographed from 

7:00 am to 3:00 pm.  

  In step 3, the output data of a and b were recorede.  

 In step 4, the solarcert software was used to 

represent the output data in I-V and P-V curves.  

 In step 5, the Pmax, fill factor (FF) and ƞ of the PV 

module were caculated and send to step 6. 

 In step 6, the varation of ambient conditions and 

output characteristics of PV module with the local 

time were representd in graphs.  

 

 



Malik F.  Jaffar et al. 

260 

 

 
Figure 1 Photograph of PV module with test rig 

 

 
Figure 2 Flowchart of experimental setup 
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Table 1 Technical data of PV module 

PV characteristics  Values 

Panel dimensions  (149 x 67) cm 

Peak Power (Pmax) 165 W 

Short Circuit Current (Isc) 9.81 A 

Open Current Voltage (Voc) 22.05 V 

Peak Current (Imp) 9.17 A 

Peak Voltage (Vmp) 18 V 

 

4.Results  
Iraq is located at (33.3 E, 44.3 N) and considered as a 

one of the rich countries in solar radiation around the 

world due to has lengthy periods of daylights. 

Therefore, it collects more than 3,000 hour/year of 

irradiance in the capital city-Baghdad [34]. The 

intensity of solar irradiation is very high during the 

summer due to the sunshine hours are in the range of 

about 12 hours. The total solar radiation from July to 

September showed a rising trend and reached the 

peak. In this work, the experimental test was 

performed on July 2021 over four days (5
th

, 11
th

, 19
th

, 

and 20
th

). The measured data of ambient conditions 

including the ambient temperature, solar irradiance 

and wind speed are represented as an average value 

for four days of tests from 7:00 am to 6:00 pm. 

During the days of experimental tests, the amount of 

incoming solar irradiance is substantially higher from 

12:00 pm to 2:00 pm, which is considered the peak of 

the day as shown in Figure 3. It is observed that the 

maximum amount of solar irradiance was recorded 

961 W/m
2
 at 12:00 pm, while the lowest amount was 

318 W/m
2
 at 7.00 am. In addition, Figure 3 shows the 

ambient temperature which the maximum ambient 

temperature was found to be 49 °C. It is clear that the 

higher solar irradiance leads to an increase in the 

ambient temperature. In the early morning hours and 

due to the low-intensity solar irradiance of 318 W/m
2
, 

the ambient temperature was at a low level with a 

value of 37 °C and increased to a maximum value 

about 49 °C due to increasing the solar irradiance to 

961 W/m
2
.  Figure 4 shows the wind speed 

throughout the experimental test hours. Where, the 

average wind speed was ranged between (1.1-2.6) 

m/s. Wind speed plays a major factor in raising and 

lowering the ambient temperature.  

 

4.1Temperature of PV module 

The variation of PV back temperature (TPV/back) with 

local time was represented in Figure 5. As shown in 

Figure 5, when the solar radiation and the ambient 

temperature increase, the temperature of the PV panel 

increases rapidly and it is easy to see that there is a 

large temperature difference between these two 

values during the peak solar period. Where, the 

TPV/back was varied from a minimum value of 35.2
o
C 

at 7:00 am to a maximum value of 69
o
C at 2:00 pm 

when the ambient temperature varied between 37
o
C 

to 49
o
C.  In other words, the maximum temperature 

difference between the ambient temperature and 

TPV/back was recorded about (𝜟T=20
o
C) at 2:00 pm. 

 

The temperature distribution of the front surface of 

PV panel (TPV/front) was measured by using a digital 

thermal camera (Fluke) to provide an accurate 

distribution during the period of test. Nine hours 

between (7:00 am to 3:00 pm) were used to 

photographed the front surface of PV as shown in 

Figure 6. It was observed that the TPV/front was varied 

between 39°C at 7:00 am to 69.2°C at 3:00 pm. In 

summary, the maximum temperature difference 

between the ambient temperature and TPV/front was 

recorded about (𝜟T=19.2
o
C) at 2:00 pm. To 

summarize the variation of PV temperature (TPV/front 

and TPV/back) and the ambient temperature along the 

period of test, Figure 7 shows that the TPV/front was 

recorded a higher than the TPV/back and the maximum 

difference between the values was recorded 5.6
o
C at 

12:00 pm.  

 

 
Figure 3 Variation of ambient temperature and solar irradiance with local time 
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Figure 4 Variation of wind speed with local time 

 
Figure 5 Variation of PV temperature with ambient temperature and solar irradiance 

 

Figure 6 Thermal images of PV front surface 
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Figure 7 Variation of PV surface temperature (back/front) with ambient temperature 

 

4.2Electrical performance 

The output electrical characteristics of PV were 

represented as an average value for the days of test 

from 7:00 am to 2:00 pm. In the start of test at 7:00 

am with ambient temperature 35.2
o
C and an 

irradiance 318 W/m
2
, the short circuit current (Isc) 

was recorded 3.15 A and increase to a maximum 

value about 8.45 A at 12:00 pm with ambient 

temperature and solar irradiance 48
o
C and 961 W/m

2
 

respectively. As shown in Figure 8, it is clear that the 

increasing of the (Isc) depends on the increasing of 

the ambient temperature. In the same manner, the 

maximum power point current (Imp) was increased 

from 2.92 A at 7:00 am to maximum value about 

7.98 A at 12:00 pm. The increase of short circuit 

current of PV module can be discussed as follows: 

The increase in PV temperature led to decreasing the 

energy of band gap and then increasing the intrinsic 

carrier concentration due to the inversely 

exponentially with the energy of band gap [9]. 

Therefore, the number of electrons that have enough 

energy to create electron-hole pairs will increase. As 

compared between the measured current and the 

current in technical data of PV, the percentage 

reduction of (Isc) was recorded about 16% while 

about 15% in (Imp). On other side, the voltage of PV 

module was sharply decreased with increasing the 

ambient temperature. As shown in Figure 9, the open 

circuit voltage (Voc) was reached a maximum value 

about 21 V at 7:00 am and then dropped to a 

minimum value about 19.3 V at 2:00 pm. In addition, 

the maximum power point voltage was recorded a 

maximum value about 17.7 V and then dropped to 

reach a minimum value about 15.1 V at 2:00 pm.  

This sharply drop in PV voltage can be explained as 

follows: As a consequence of the band gap energy 

reduction, the open circuit voltage will decrease with 

increasing the module temperature. The comparison 

between the measured value of voltage and technical 

data voltage showed that the reduction percentage 

was 5% in (Voc) and 1.7% in (Vmp). 

 

 
Figure 8 Variation of PV current with local time 
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Figure 9 Variation of PV voltage with local time 

 

The maximum electrical power was calculated from 

the measured voltage and current of PV. As shown in 

Figure 10, the Pmax is proportional to the solar 

irradiance (G) over the hours of test.  At 7:00 am, the 

Pmax is recorded a low value about 52 W due to the 

low solar irradiance 318 W/m
2
, then, as time passes, 

it starts to increase until reaching the peak value 123 

W at 12:00 PM with solar irradiance 961 W/m
2
. After 

12:00 pm, the Pmax decreases as a result of the 

decreasing the solar irradiance until the 2:00 pm with 

a value of 903 W/m
2
. Generally, the output power of 

PV module decreases when its temperature increases 

because the increasing of the maximum power point 

current does not compensate the decreasing in the 

maximum power point voltage. 

 

 
Figure 10 Variation of PV power and irradiance power with local time 

 

The average electrical efficiency (ƞ) was recorded a 

highest value about 16.6% at the solar irradiance 

value of 318 W/m
2 

around 7:00 am and it was 

recorded lowest value about 12.8% at the solar 

irradiance value of 800 W/m
2 

around 11:00 am as 

shown in Figure 11. Although, the Pmax of the PV 

increased due to the increase in the solar irradiance, 

the ƞ of PV decreased due to the highest ambient 

temperature and then highest PV temperature. On the 

other side, the FF was recorded a maximum value 

about 76% at 7:00 am and a minimum value about 

71% at 2:00 pm. 
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Figure 11 Variation of electrical efficiency and fill factor of PV with local time 

 

4.3I-V/P-V curves  

The measured data of 19
th

 July was chosen to draw 

the (I-V) and (P-V) curves of PV as shown in Figure 

12. Seven strings were selected to cover the ranges of 

solar irradiance and ambient temperature from 7:00 

am to 2:00 pm. The output electrical characteristics 

of strings under the influence the outdoor conditions 

were summarized in Table 2. It is clear that the 

ambient temperature has a large significant on the 

performance of PV module.  Although, the solar 

irradiance was recorded a high value about 951.9 

W/m
2
 in string 64 with 5% less than standard solar 

irradiance 1000 W/m
2
 but the maximum power of the 

PV module was recorded 119.29 W. This mean that 

the increasing of PV temperature from 25
o
C to 

63.2
o
C leads to decrease the maximum power of PV 

by 38.8% as compared with maximum power 

supported in technical data of PV. In other words, the 

maximum power of PV module decreases with 

increasing the temperature by 1.2 W for each 1 
o
C. 

 

 
Figure 12 I-V and P-V curves for PV panel 
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Table 2 The output electrical characteristics 

St Outdoor conditions TPV/ back 
oC 

Electrical characteristics  

Tamb 
oC G W/m2 Voc(V) Isc(A) Vmp(V) Imp(A) Pmax(W) 

9 35.0 300 33.2 21.0 3.2 17.8 3.0 53.40 

42 37.2 420 47.1 20.5 3.8 16.7 3.5 58.45 

46 39.0 575 51.0 20.3 5.0 16.5 4.7 77.55 

51 41.0 645 55.0 20.2 6.2 16.4 5.6 91.84 

54 42.5 770 57.5 20.0 6.8 15.3 6.5 99.45 

57 44.5 850 59.9 20.0 7.4 15.3 7.0 107.1 

64 45.0 951 63.2 19.8 8.4 15.1 7.9 119.2 

 

5.Discussion 
From the analysis of experimental results, it is 

observed that the short circuit current (Isc) was 

recorded a maximum value about 8.45 A with 

increasing the PV module temperature to 69
o
C due to 

the increase of ambient temperature to 48
o
C. In the 

same manner, the maximum power point current (Imp) 

trends the same behaviour and increases to record a 

maximum value about 7.98 A. While, the voltage of 

PV module sharply decreased with increasing the PV 

temperature. The open circuit voltage (Voc) was 

reached a minimum value about 19.3 V. In addition, 

the maximum power point voltage (Vmp) was 

recorded a minimum value about 15.1 V. This sharp 

drop in PV voltage can be explained as follows. 

Increasing the ambient temperature and solar 

irradiance lead to increase the PV temperature which 

leads to drop the PV voltage. The comparison 

between the measured value of voltage and technical 

data voltage showed that the reduction percentage 

was 5% in Voc and 1.7% in Vmp. The maximum 

electrical power (Pmax) was increased until reaching 

the peak value 123 W at 12:00 PM due to increasing 

the solar irradiance to 961 W/m
2
 over the hours of 

test. As a result, the average electrical (ƞ) was 

recorded a highest value about 16.6% and the FF was 

recorded a maximum value about 76% at 7:00 am 

and a minimum value about 71% at 2:00 pm.  

 

The performance of the present study was compared 

with study of Sani and Sule [35] in Nigeria. This 

study was selected because the weather conditions 

are close to weather conditions of this study, the 

same type of polycrystalline module, and the 

convergance between the maximum out power of the 

two modules. The technical data of their module were 

(Voc=44.3 V, Isc=4.6 A, Vmp=36.6 V, Imp=4.3 A and 

Pmax=160 W). As shown in Figure 13, despite the 

convergence of the air temperature at most hours of 

the day, but the module temperature in Iraq was 

recorded an increase between 9 to 18 
o
C more than 

the module temperature in Nigeria which is resulting 

a negative effect  on the output power of the module. 

  

 
Figure 13 Comparative of the Tpv and pmax of present study 
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In this paper, the outdoor test of PV module cannot 

exactly compare with the standard test conditions to 

analyse the power degradation of PV module. 

Therefore, we investigated and represented the 

measurement of output electrical characteristic of PV 

module at variation of ambient temperature and solar 

irradiance with time.  A complete list of 

abbreviations is shown in Appendix I. 

 

6.Conclusion and future work 
This work was performed to evaluate the 

performance of a commercial polycrystalline silicon 

PV panel under the influence of Iraqi harsh weather 

conditions. From the analysis of the measured data, 

the following conclusions can be summarized:  

 The maximum temperature in front and back 

surface of PV panel was reached around 69
o
C with 

increasing the ambient temperature around 49
o
C. 

 The percentage reduction of Isc was recorded about 

16% while recorded about 15% in Imp.   

 The open circuit voltage (Voc) was reached a 

maximum value about 21 V at 7:00 am and then 

dropped to minimum value about 19.3 V at 2:00 

pm. 

 The maximum power point voltage (Vmp) was 

recorded a maximum value about 17.7 V and then 

dropped to reach a minimum value about 15.1 V at 

2:00 pm.   

 The maximum electrical power (Pmax) starts to 

increase until reaching the peak value 123 W at 

12:00 PM with solar irradiance 961 W/m
2
.  

 The average electrical efficiency (ƞ) was recorded 

a highest value about 16.6% at the solar irradiance 

value of 318 W/m
2
 around 7:00 am and it was 

recorded lowest value about 12.8% at the solar 

irradiance value of 800 W/m
2
 around 11:00 am. 

 The (FF) was recorded a maximum value about 

76% at 7:00 am and a minimum value about 71% 

at 2:00 pm.    

 

The future work can include a numerical study to 

solve the performance of PV module and 

experimental study to analyse the degradation of the 

PV output power and compare it with the output 

power at standard test conditions.   
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Appendix I 
S. No.  Abbreviation  Description 

1 a-Si Amorphous Silicon  

2 A PV Module Area 

3 DC Direct Current 

4 FF Fill Factor  

5 G Solar Irradiance  

6 I-V Current-Voltage Curve  

7 LOCE Levelized Cost of Energy 

8 mono-c-Si Mono-Crystalline Silicon  

9 multi-c-Si Multi-Crystalline Silicon 

10 p-Si Polycrystalline Silicon  

11 PV Photovoltaic  

12 P-V Power-Voltage Curve 

13 STC Standard Test Conditions  

14 ƞ Electrical Efficiency  
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