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Abstract 

The effect of ambient temperature on the performance of a 130 W polycrystalline 

photovoltaic (PV) module was explored in this study. With field data at Ilorin, Kwara State, 

Nigeria, the output current of a 130 W PV module was modeled using ambient temperatures. 

For field observations, an instrumented meteorological mast was set up at the experimental 

site located (8o 30' N, 4o 33' E) at Kwara State Polytechnic in Ilorin, Nigeria, for two weeks 

(1st to 14th July 2019). At 10-second intervals, the PV cell output current and ambient 

temperatures from the instrumented meteorological mast were recorded. A data logger 

(fabricated) storage module was used to store the sampled data. The saved data was further 

reduced to 20 min averages using the Microcal Origin data analysis program after erroneous 

measurement values were removed (quality assurance and quality control). With the MBE 

of 0.01 Wm-2, RMSE of 0.13 Wm-2, and r = 0.61, the predicted output current, OCP, was 

compared to the actual measured output current, OCm, and very good agreement was found. 

As a result, even with a short set of measured ambient temperature data, the estimator 

explored in this study is capable of predicting the performance of a polycrystalline PV cell 

in terms of its output current in the absence of direct measurement of the output current. 
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1. INTRODUCTION 

Solar energy is the most abundant and widely available renewable energy source, with a high 

potential for replacing fossil fuels and thereby lowering greenhouse gas emissions (Zhang et 

al., 2020). Many solar energy systems are being explored around the world, but photovoltaic 

cells are gaining traction due to their rapidly improving technology and potential uses in 

meeting the ever-increasing energy demands of developing and developed nations. When 

evaluating the performance of a photovoltaic (PV) module, its efficiency is critical. Its 

performance is essentially determined by the temperature of the PV module, the amount of 

irradiation received, and the spectrum content of the input photons (Muhammad et al., 2014). 

Several studies have found that as the temperature rises over the usual operating temperature, 

the performance of photovoltaic modules decreases due to increased internal carrier 

recombination rates produced by higher carrier concentrations. The output power of a PV 

module is dependent on its operating temperature. The temperature of PV modules is also 

said to be affected by climatic factors such as ambient temperature (TA), solar radiation, 

materials, and system-dependent features such as glazing (Dubey et al., 2013). 

When solar radiation illuminates a PV module, approximately 20% of the energy is 

converted to electric power, while the rest is converted to heat. Research articles on the 

properties of PV modules have been reported, with a particular focus on the impact of solar 

irradiation and ambient temperature on their performance (Swapnil et al., 2013); (Sumaryada 

et al., 2019); (Aburiya et al., 2007); (Premalatha and Rahim, 2007); (Panagea et al., 2014); 

(Fesharaki et al., 2011); (Panagea et al., 2014); (Xu et al., 2013); (Kawajiri, 2013). Other 

researchers have also reported the impact of climate variability on PV performance (Amelia 

et al., 2016); (Sanusi et al., 2014); (Petrana et al., 2018); (Ioanna et al., 2014); (Mesude et 

al., 2014); (Marcu et al., 2016); (Sumaryada et al., 2019); (Salawu et al., 2016). 

The focus of this study is on measuring the output current of a 130 W polycrystalline PV 

module and developing a parametric equation for forecasting its output current from various 

ambient temperature data in Ilorin, Nigeria. 

2. MATERIALS AND METHOD 

The following is the linear regression equation for parameterizing the output current of a 

polycrystalline PV from ambient temperature measurements: 

OC𝑃 = 𝑎(𝑇𝐴) + 𝑏               (1) 
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where OCP is the predicted output current, 𝑎 is the slope, 𝑇𝐴 is the ambient temperature and 

b is the intercept. The parameters of the linear regression equation (a and b) were estimated 

from the calibration (here: 𝑎 = 0.07 and b = 8.71). The performance of the parameterized 

approach was tested statistically by estimating the mean bias error (MBE) and root mean 

square error (RMSE) respectively. The two errors can be estimated through equations (2) 

and (3) as follows; 

𝑀𝐵𝐸 =
∑(𝑂𝐶𝑝−𝑂𝐶𝑚)

𝑛
                                    (2) 

𝑅𝑀𝑆𝐸 = √∑(𝑂𝐶𝑝−𝑂𝐶𝑚)
2

𝑛
                             (3) 

where OCp and OCm are the parameterized and the measured mean values of output current, 

respectively and n is the total number of observations.  A low RMSE and MBE are 

preferable, whereas a positive or negative MBE suggests overestimation or underestimation 

of values, respectively. On-site, an instrumented meteorological weather mast was 

constructed to monitor the output current of the polycrystalline PV system and the ambient 

temperature. The devices were put up for two weeks at an experimental site near Kwara State 

Polytechnic's Physics/Electronics Laboratory in Ilorin, Nigeria (1st to 14th July 2019). The 

130 W solar PV was installed on a 2.7 m tall mast that was oriented at 1.41 m above ground 

level. Between 10 a.m. and 6 p.m local time, measurements were taken every 10 seconds 

and averaged across 20-minute intervals. A data logger storage module was used to store the 

sampled data. The Microcal Origin data analysis software was used to further decrease the 

recorded data. 

3. RESULTS AND DISCUSSION 

 

Figure 1: Scatter plot showing 

the tested predicted output 

current (OCP) against the 

measured output current (OCM) 

of the polycrystalline PV. 
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Figure 2: Results of the predicted and 

measured output current against local time 

(min) of a polycrystalline PV for July 1, 

2019. 

 

 

 

 

 

Figure 3: Results of the predicted and 

measured output current against local time 

(min) of a polycrystalline PV for July 7, 

2019.  

 

 

 

 

 

 

Figure 4: Results of the predicted and 

measured output current of polycrystalline 

PV against local time (min) for July 10, 

2019. 
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Figure 5: Results of the predicted and 

measured output current of a 

polycrystalline PV against local time 

(min) for July 14, 2019.  

      

 

 

 

 

Figure 1 depicts the proposed model's accuracy in predicting the output current of the 130 

W polycrystalline module. Graphical and statistical methodologies were used to compare 

the expected data from the predicted model with the measured experimental data set. The 

output current was calculated using linear regression (equation 1) from ambient temperature 

observations in Ilorin, Kwara State, Nigeria. The slope and intercept of the linear regression 

parameters obtained from the calibration data set were 0.07 and 8.71 Wm-2. The coefficient 

of regression was found to be r = 0.61, indicating a high correlation between the anticipated 

and measured values.  

 Figures 2-5 show the diurnal variation of anticipated and measured output currents of a 130 

W polycrystalline PV module for a few days of our measurements. The anticipated and 

measured output currents of the polycrystalline PV module are highly correlated with the 

time of observations. The results showed that the two variables were in good agreement, 

with a correlation value of 0.61 and a very low mean bias error of 0.01 Wm-2. 

4. CONCLUSION 

 The experimental data measured for the output current agrees well with the model suggested 

in this work for estimating the output current of a polycrystalline PV module via ambient 

temperature. Within the limits of experimental error, the model equation can be used to 

forecast the output current of a polycrystalline PV module. 
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