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Abstract — This study investigates the impact of temperature 

variations on the efficiency of two identical 50-watt 

monocrystalline solar panels, one equipped with active cooling 

and the other without any cooling mechanism. Conducted in a 

controlled environment simulating real-world temperature 

conditions, the experiment compares the panels' power output 

and overall performance. The panels are exposed to diverse 

thermal conditions to isolate the effect of temperature on 

efficiency. Detailed data on electrical output, temperature, and 

other parameters are systematically collected and analyzed 

using MINITAB 17 software. The analysis reveals key 

correlations and trends, providing predictive models that 

demonstrate how active cooling enhances panel efficiency under 

varying temperature conditions. These findings offer valuable 

insights into optimizing solar panel performance, particularly in 

regions with high thermal fluctuations. 
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I. INTRODUCTION  

Solar panels generate electricity in a clean and sustainable 
manner, as they rely on the abundant and renewable energy of 
the sun. The efficiency of solar panels has improved over the 
years, making them an increasingly popular choice for 
residential, commercial, and industrial applications. 
Conversion efficiency represents the percentage of sunlight 
that a photovoltaic (PV) panel can transform into usable 
electricity. It is a key performance metric for PV systems, as 
it indicates the maximum electrical output a panel can achieve 
under optimal conditions. 

A. Efficiency 

Solar panel efficiency refers to the maximum percentage 
of sunlight that a photovoltaic (PV) panel can convert into 
electricity. Higher efficiency indicates better energy 
conversion rates. Over time, significant improvements in 
materials, manufacturing processes, and design innovations 
have boosted solar panel efficiency. Today, consumer-grade 
PV panels typically achieve efficiencies ranging from 15% to 
23% [1]. 

In laboratory settings, even higher efficiencies—
exceeding 40%—have been reached, although such panels are 
not yet available for widespread consumer use. These 

efficiency improvements have contributed to the declining 
cost of solar energy, making it more affordable and driving its 
adoption as a clean, renewable energy source. 

Temperature plays a crucial role in solar panel 
performance, particularly affecting voltage and current. As 
temperature rises, resistance increases, slowing the flow of 
electrical current and reducing energy output. Conversely, 
when temperatures drop, resistance decreases, leading to 
higher energy production. The optimal operating temperature 
for most solar panels is around 25°C (77°F), which is also the 
industry standard for testing and rating panels. 

To assess how a panel performs in higher temperatures, 
the temperature coefficient is an important specification. This 
coefficient reflects the percentage reduction in energy output 
as temperatures exceed 77°F. For example, a temperature 
coefficient of -0.36% per degree Celsius (-0.20% per degree 
Fahrenheit) means that if the panel’s temperature rises by one 
degree Celsius (or two degrees Fahrenheit), its energy output 
decreases by 0.36%. If the temperature reaches 35°C (95°F), 
energy production would decline by 3.6% [2]. 

B. Factors that Affect Efficiency 

Temperature: High temperatures can significantly reduce 
the efficiency of photovoltaic panels, as increased heat leads 
to higher electrical resistance [3]. 

Sunlight: The amount of direct sunlight a PV panel 
receives is the most critical factor in determining its electricity 
production. Even the most efficient solar panels cannot 
generate power at night, and output is reduced on cloudy or 
overcast days [4]. 

Orientation and Tilt: To maximize sunlight exposure, 
panels should be oriented toward the sun (typically facing 
south in the Northern Hemisphere). Their tilt should be 
adjusted based on latitude, usually between 30 and 45 degrees, 
to align with the sun’s path [5]. 

Dust, Snow, and Debris: Accumulations of dirt, leaves, 
snow, and other debris can obstruct sunlight and lower panel 
efficiency. Regular cleaning is essential to maintain optimal 
performance [6]. 
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Panel Age: As photovoltaic panels age, their efficiency 
gradually decreases. However, high-quality panels can last for 
over 25 years, often outliving traditional asphalt roofs [7]. 

Shading: Shadows from trees or nearby structures can 
drastically reduce panel efficiency. Even partial shading of a 
single cell in a monocrystalline or polycrystalline panel can 
negatively impact the overall energy output of the entire panel 
[8]. 

C. Conversion Efficiency of Solar Panels 

Solar panel efficiency varies significantly between hot and 
cold environments due to the effects of temperature on 
photovoltaic (PV) cells. Understanding these temperature-
related differences is crucial for determining the suitability of 
PV panels in different climates and maximizing energy 
output. 

In hot environments, PV panels typically operate less 
efficiently because high temperatures negatively affect the 
cells' performance. As temperatures rise, the panel’s output 
voltage decreases, leading to lower power generation. For 
each degree Celsius above 25°C (77°F), solar panel efficiency 
usually drops by 0.3% to 0.5%. This reduction can be 
substantial in regions with extreme heat, such as deserts or 
tropical areas. In such climates, it is advisable to select PV 
panels with a lower temperature coefficient and to implement 
cooling systems or adequate ventilation to minimize heat-
related efficiency losses. 

Conversely, cold environments can enhance solar panel 
efficiency, as lower temperatures improve PV cell 
performance. The cooler conditions increase output voltage, 
boosting overall power generation. Monitoring the behaviour 
of solar modules under varying temperature conditions 
involves measuring both the voltage and current produced as 
the panel’s temperature changes [9]. 

The efficiency of the solar panel can be calculated using 
the equation, 

                ---- Eqn 1 

Im – Measured Current 

Vm – Measured Voltage 

R – Solar Irradiance 

A – Area of the Solar Cell 

As the temperature of a photovoltaic (PV) panel rises above 
25°C (77°F), its efficiency typically declines due to the 
temperature coefficient, which quantifies the reduction in 
output power for each degree Celsius above the reference 
temperature (commonly 25°C). When temperatures increase, 
the semiconductor materials within PV cells become more 
conductive, leading to a greater flow of charge carriers. This 
increased conductivity reduces the voltage generated by the 
panel, ultimately lowering its overall efficiency. 

Some PV panels are equipped with heat dissipation features 

designed to counteract the negative impact of high 

temperatures. Passive cooling techniques and improved 

ventilation have proven effective in maintaining PV panels 

closer to their optimal operating temperatures, helping to 

sustain better performance in hot conditions. 

Thermal Loss is a significant challenge in the field of solar 

energy. It is observed that solar panel performance is sensitive 

to temperature changes and as temperature increases beyond a 

threshold limit, the efficiency of the solar panel tends to 

decrease [10-12]. When solar panels become hotter, the 

electrical resistance of the semiconductor materials within the 

panel increases. Higher resistance makes it more difficult for 

electrons to flow through the material, leading to a drop in 

electrical current. Therefore, maintaining the temperature 

between certain values is crucial in achieving high efficiency. 

II. EXPERIMENTAL 

This study employs two 50W Loom Solar Panels to 

investigate the influence of temperature on solar panel 

performance. The research aims to understand the impact of 

temperature variations on the voltage and current output of the 

panels. Additionally, an active cooling system is employed, 

where the temperature of the solar panels is systematically 

reduced by 5°C every hour during the experimental period. 

The study involves the use of a multimeter to measure the 

voltage and current at various hours of the day, providing a 

comprehensive analysis of the panels' behaviour under 

changing temperature conditions. 

A. Experimental Set up 

The experimental setup involves exposing the solar panels 

to sunlight and measuring their electrical characteristics using 

a multimeter at different hours of the day. Simultaneously, two 

thermometers are employed to measure the temperature of the 

solar panels. The unique aspect of this experiment lies in the 

controlled cooling mechanism, where the temperature of the 

panels is intentionally reduced by 5°C every hour. This setup 

allows for a systematic examination of the solar panels' 

performance under varying temperature conditions. 

 

Fig. 1. Loom 50W Solar Panel (Area – 0.285 m2) 

 
 

TABLE 1. PV panel Specifications 
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The solar panels are exposed to sunlight for an entire day, 

with data on voltage, current, and temperature recorded at 

regular intervals. After sunset, the panels are retrieved, and 

the next day the process is repeated for seven days. The 

deliberate reduction of the solar panel temperature by 5°C 

every hour introduces a dynamic element, simulating real-

world scenarios where solar panels might be subjected to 

fluctuating temperature conditions. This iterative process 

ensures a thorough analysis of the panels' performance over 

an extended period. 

A multimeter is used to measure both voltage and current 

output from the solar panels, providing detailed insights into 

their electrical characteristics. Simultaneously, the two 

thermometers recorded the temperature of the panels 

throughout the experiment. This dual data collection 

approach enables a comprehensive understanding of the 

relationship between temperature and electrical performance. 

To derive meaningful conclusions from the collected data, 

a regression analysis is conducted using MINITAB 17 

Software. This statistical tool is employed to identify trends, 

patterns, and correlations between the variables, allowing for 

a robust assessment of the impact of temperature on the solar 

panels. Regression analysis will help in quantifying the 

relationship between temperature variations and the electrical 

output of the panels, providing valuable insights into the 

effectiveness of the cooling mechanism in enhancing overall 

solar panel performance. 

B. Operating Conditions 

The testing location is in Perumbavoor, Ernakulam. The 
ambient temperature and irradiance are updated frequently. 
The water used for cooling is at room temperature. The solar 
panels are placed on the ground without an inclination angle. 
Testing is done for 7 days. 

C. Efficiency Calculation 

The climate was partially sunny throughout the 7 days. 

The readings were taken for 11 hours, from 8:00 am to 06:00 

pm. The maximum voltage generated and the time of 

measurement was noted for both the panels. The maximum 

panel temperature was also noted. The readings of panel 2 

(active cooling) were taken only after reducing the panel 

temperature by 5°C. 

 
TABLE 2. Efficiency Calculation 

 Without Cooling With Cooling 

Day 1 

Avg. Voltage = 22.67 V  
Avg. Current = 2.01 A  

Irradiance = 1.4 kWh/m2  

Area = 0.285 m2  
Efficiency = 11.42% 

Avg. Voltage = 22.86 V  
Avg. Current = 2.03 A  

Irradiance = 1.4 kWh/m2 

Area = 0.285 m2 

 Efficiency = 11.63% 

Day 2 

Avg. Voltage = 22.55 V  

Avg. Current = 1.95 A  
Irradiance = 1.4 kWh/m2     

Area = 0.285 m2  

Efficiency = 11.02% 

Avg. Voltage = 22.63 V  

Avg. Current = 1.97 A  
Irradiance = 1.4 kWh/m2 

Area = 0.285 m2   

Efficiency = 11.17% 

Day 3 

Avg. Voltage = 22.44 V  

Avg. Current = 1.85 A 

Irradiance = 1.4 kWh/m2 

 Area = 0.285 m2  

Efficiency = 10.40% 

Avg. Voltage = 22.54 V 

Avg. Current = 1.86 A 

Irradiance = 1.4 kWh/m2 
Area = 0.285 m2  

Efficiency = 10.50% 

Day 4 

Avg. Voltage = 22.26 V  

Avg. Current = 1.96 A 
Irradiance = 1.4 kWh/m2  

Area = 0.285 m2  

Efficiency = 10.93% 

Avg. Voltage = 22.31 V  

Avg. Current = 1.98 A  
Irradiance = 1.4 kWh/m2 

Area = 0.285 m2 

 Efficiency = 11.07% 

Day 5 

Avg. Voltage = 22.03 V  
Avg. Current = 1.83 A 

Irradiance = 1.4 kWh/m2  

Area = 0.285 m2  
Efficiency = 10.10% 

Avg. Voltage = 22.03 V 
Avg. Current = 1.85 A 

Irradiance = 1.4 kWh/m2 

Area = 0.285 m2  
Efficiency = 10.21% 

Day 6 

Avg. Voltage = 22.42 V 
Avg. Current = 1.95 A 

Irradiance = 1.4 kWh/m2 

Area = 0.285 m2 

Efficiency = 10.95% 

Avg. Voltage = 22.53 V 
Avg. Current = 1.98 A 

Irradiance = 1.4 kWh/m2 

Area = 0.285 m2 

Efficiency = 11.18% 

Day 7 

Avg. Voltage = 22.24 V 

Avg. Current = 1.87 A 
Irradiance = 1.4 kWh/m2 

Area = 0.285 m2  

Efficiency = 10.42% 

Avg. Voltage = 22.50 V 

Avg. Current = 1.89 A 
Irradiance = 1.4 kWh/m2 

Area = 0.285 m2  

Efficiency = 10.65% 

III. RESULTS AND DISCUSSION 

Linear, quadratic, and cubic regression models were 
considered for analysis. It was found that the cubic model gave 
the best fit and most accurate predictions. Therefore, a third-
degree polynomial (cubic) regression model was used with the 
panel temperature as the predictor (X) and the efficiency of the 
solar panel as the response (Y). Two models are generated for 
“with cooling” and “without cooling”.  

A. Regression Analysis 

 Regression Analysis is implemented for both models 

(without cooling & with cooling). 

 

Fig. 2. Best Fit for Efficiency Without Cooling 

 

Fig. 3. Best Fit for Efficiency With Cooling 

a) Regression analysis for efficiency without cooling 
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 A regression equation was generated with (F (3,3)= 7.83 

and P = 0.063), with an R2  value of 88.7%. 

The regression equation is 

Efficiency without Cooling (%) = - 2098 + 112.6 X - 2.006 X
2 

+ 

0.01193 X
3
 

b) Regression analysis for efficiency with cooling 

 A regression equation was generated with (F (3,3)= 10.37 

and P = 0.043), with an R2    value of 91.2%. 

The regression equation is 

Efficiency with Cooling (%) = - 1382 + 81.5 X - 1.592 

X2 + 0.01039 X3 

B. Confirmation of Regression Analysis 

The regression analysis predicted maximum values for 

efficiency without cooling at a panel temperature of 59.30°C. 

The regression analysis predicted maximum values for 

efficiency with cooling at a panel temperature of 54.30°C. To 

calculate the measured efficiency, the readings are taken at a 

panel temperature of 59.30 and    54.30°C. 

TABLE 3. Measured Values at Given Temperatures 

Without Cooling @59.30 0C Without Cooling @54.30 0C 

Voltage 

 (V) 

Current 

 (A) 

Efficiency  

(%) 

Voltage 

 (V) 

Current  

(A) 

Efficiency  

(%) 

23.18 1.96 11.38 23.22 1.99 11.58 

 

TABLE 4. Measured and Predicted Values 

 
Panel 1 Efficiency (%) 

(without cooling) 

Panel 2 Efficiency (%) 

(with cooling) 

Measured Values 11.38 11.58 

Predicted Values 12.83 12.92 

It was found that the predictions were accurate with 
variations less than ± 2% for temperatures of 59.30°C and 
54.30°C. Therefore, the predictions suggest that the 
regression analysis can successfully predict the values for 
maximum efficiency at given temperatures. 

IV. CONCLUSION 

The temperature's impact on solar panel efficiency 

underscores the need for effective management strategies. 

High temperatures can decrease efficiency due to increased 

resistive losses and altered semiconductor properties. 

Regression analysis provides accurate predictions with a 

variation of ± 2% and can successfully predict the values for 

maximum efficiency at given temperatures. The tilt angle and 

shading also make a huge difference in the efficiency of a solar 

panel. It's essential to implement solutions such as proper 

cooling mechanisms and innovative panel designs to optimize 

solar panel performance. Ongoing research aims to develop 

panels that can withstand temperature variations, paving the 

way for a more efficient and sustainable use of solar energy. 

Addressing these challenges is crucial for maximizing the 

potential of solar power and advancing our transition to 

cleaner, renewable energy sources. 
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