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Abstract 

Solar energy is a rapidly growing renewable energy source, yet the efficiency of 

solar panels is influenced by various environmental factors. Temperature plays a 

crucial role in determining how effectively solar panels convert sunlight into 

electricity. This article explores the relationship between solar panel efficiency and 

temperature, focusing on the physical principles behind temperature's effect on 

photovoltaic (PV) cells, the operational implications, and strategies for mitigating 

temperature-related efficiency losses. 
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Introduction 

Solar panels, specifically photovoltaic (PV) cells, are widely used to harness 

solar energy. While many factors influence the performance of these systems, 

temperature is one of the most significant. Photovoltaic cells convert sunlight into 

electricity through the photovoltaic effect, but as temperature increases, their efficiency 

typically decreases. This article aims to provide a detailed examination of how 

temperature affects solar panel efficiency and to explore methods to manage and 

mitigate these effects. 
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The Physics Behind Temperature and Solar Panel Efficiency 

Photovoltaic cells are made primarily of semiconductor materials, such as 

silicon. The efficiency of a solar panel is determined by its ability to convert photons 

from sunlight into electrical energy. As temperature rises, the semiconductor material 

experiences changes in its electrical properties: 

• Band Gap Energy: The energy gap between the valence and conduction bands 

in a semiconductor decreases as temperature increases. This reduction leads to 

increased carrier recombination, where electrons and holes combine without 

contributing to electrical current, thereby reducing the panel's efficiency. 

• Increased Resistance: Higher temperatures cause an increase in the internal 

resistance of the solar cells, leading to greater energy loss in the form of heat 

rather than electricity. 

• Voltage Drop: The voltage output of solar cells decreases with rising 

temperature, as the open-circuit voltage (the maximum voltage a PV cell can 

produce under ideal conditions) is sensitive to temperature changes. Although 

the current may increase slightly with temperature, the overall power output 

(voltage times current) typically declines. 

Quantifying the Effect of Temperature on Efficiency 

Solar panel efficiency is typically rated at a standard test condition (STC) of 

25°C (77°F). However, in real-world conditions, solar panels often operate at higher 

temperatures, especially in hot climates or under intense sunlight. The temperature 

coefficient of a solar panel, usually expressed as a percentage per degree Celsius, 

indicates how much the efficiency drops for every degree rise above 25°C. For 

example, if a panel has a temperature coefficient of -0.4%/°C, its efficiency will 

decrease by 0.4% for every degree Celsius above the STC. 

As a result, in hot climates where panel temperatures can exceed 60°C, significant 

efficiency losses can occur. For instance, a solar panel with a nominal efficiency of 

http://web-journal.ru/


 

  

http://web-journal.ru/                                                                           Часть-29_ Том-1_ Сентябрь -2024 

  

ЛУЧШИЕ ИНТЕЛЛЕКТУАЛЬНЫЕ  ИССЛЕДОВАНИЯ 

25 

ISSN: 

3030-3680 

20% at 25°C might see a reduction of several percentage points at higher operational 

temperatures. 

Operational Implications 

The temperature-related decline in efficiency has operational consequences, 

particularly in regions with high solar irradiance and warm climates. Solar panels 

installed on rooftops or open fields can reach temperatures much higher than the 

ambient air, leading to noticeable reductions in power output. 

In large-scale solar farms, these efficiency losses can significantly impact the overall 

energy production and economic viability of the project. Similarly, for residential 

installations, high temperatures can reduce the expected energy savings and extend the 

payback period for the solar investment. 

Strategies for Mitigating Temperature-Related Efficiency Losses 

Several methods can be employed to reduce the impact of high temperatures on 

solar panel efficiency: 

1. Advanced Cooling Technologies: Passive cooling methods, such as installing 

panels with sufficient air circulation underneath or using reflective materials to 

reduce heat absorption, can help lower the temperature of solar panels. Active 

cooling systems, including water or air cooling, are also being explored, though 

they come with added costs. 

2. Optimal Installation: The orientation and tilt angle of solar panels can influence 

how much heat they absorb. Installing solar panels at an angle that maximizes 

airflow beneath them can help dissipate heat and reduce temperature buildup. 

3. Use of Heat-Resistant Materials: Some solar panels are designed with 

materials that are more resistant to high temperatures. New generation solar 

cells, such as thin-film technologies, may offer better temperature coefficients, 

although they typically have lower overall efficiency compared to crystalline 

silicon panels. 
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4. Bifacial Solar Panels: Bifacial solar panels, which capture sunlight on both 

sides of the panel, can offset some of the efficiency losses caused by heat. Since 

they capture additional energy from reflected light, they provide higher energy 

output even under less-than-ideal conditions. 

Conclusion 

The relationship between solar panel efficiency and temperature is a critical 

factor in the performance of photovoltaic systems. As the temperature increases, the 

efficiency of solar panels typically decreases due to changes in semiconductor 

properties, increased resistance, and voltage drops. Understanding and mitigating these 

effects is essential for optimizing solar energy production, especially in regions with 

high temperatures. By employing cooling technologies, selecting appropriate 

materials, and considering installation methods, the efficiency losses due to 

temperature can be minimized, leading to more reliable and efficient solar energy 

systems. 
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