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ABSTRACT: Efficiency of solar photovoltaic (PV) panels is an important concern in using solar energy as a 

renewable energy further resource. A temperature rise, for instance, recedes PV panels’ efficiencies and deems a strong 

concern in PV panel operation. This work presents an extensive experimental work aimed at enhancing solar PV panel 

efficiency through the application of state-of-the-art cooling technologies. An array of sustainable cooling mechanisms 

such as hybrid cooling systems, active and passive cooling approaches were embraced to avert heat build-up and 

improve energy generation. Certain important figures of merit like surface temperature decrease, energy conversion 

effectiveness, and overall system practicality were examined in a controlled environment setup to test the effectiveness 

of the different methodologies employed. Hybrid cooling techniques which reduced the operating temperature of the 

panel and, hence raised its power production, were found to provide the highest efficiency gain compared to normal 

operation without cooling. This study focuses on the strategies that were evaluated, their advantages and disadvantages 

and their practicality for actual implementation. The results are in support of global efforts on harnessing renewable 

energy sources upgrade PV technology and provide scalable and cost-effective means to enhance energy efficiency. 
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I. INTRODUCTION 

 

The increasing global demand for clean and renewable energy has propelled the widespread adoption of photovoltaic 

(PV) technology. PV panels offer a sustainable solution to harness solar energy, but their efficiency is often 

compromised by external factors, particularly temperature rise during operation. Elevated temperatures can 

significantly reduce the energy conversion efficiency of PV panels, limiting their overall performance and economic 

viability. Addressing this challenge is critical to maximizing the potential of solar energy as a key driver in the 

transition to a low-carbon future. Cooling techniques for PV panels have emerged as a promising approach to mitigate 

the effects of thermal accumulation and improve energy output. These techniques range from passive methods, such as 

natural convection and radiative cooling, to active systems involving liquid or air-based cooling mechanisms. Hybrid 

strategies that combine multiple approaches are also being explored for their potential to achieve optimal results. 

Despite considerable research in this domain, the performance of these cooling techniques under various conditions and 

their practical implications remain areas of active investigation. 

 

This study presents a comprehensive experimental performance of innovative cooling techniques for enhancing PV 

panel efficiency. By systematically evaluating passive methods, the research aims to identify effective and sustainable 

solutions for reducing panel temperatures and boosting energy conversion efficiency. The findings from this study not 

only contribute to the advancement of PV technology but also support the broader goal of achieving sustainable energy 

systems through improved renewable energy utilization. 
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II. LITERATURE SURVEY 

 

Efforts to improve photovoltaic (PV) panel efficiency have increasingly focused on passive cooling techniques, 

especially using phase change materials (PCMs). Recent studies highlight their effectiveness and potential. Al Miaari 

and Ali [1] demonstrated that PCM integration could reduce panel temperatures by up to 15%, improving efficiency by 

approximately 7%, validating their real-world applicability. Chandel and Agarwal [2] reviewed various PCM 

configurations, stressing the importance of material selection and thermal property optimization while identifying gaps 

in long-term stability and scalability. Nižetić et al. [3] proposed an innovative PCM-based cooling strategy, achieving 

over 10% efficiency gains with a simple, cost-effective design, underscoring the need for further research into PCM 

formulations. Akeiber et al. [4] explored PCM applications in building envelopes, highlighting their effectiveness in 

temperature regulation but noting challenges like cost and thermal conductivity. Saffari et al. [5] examined PCM 

applications in whole-building energy simulations, offering insights transferable to PV panels and emphasizing the 

importance of standardized testing protocols. These studies collectively affirm the promise of PCMs while 

underscoring the need for advancements in material development and system integration. Recent advancements in 

cooling techniques for photovoltaic (PV) panels have been extensively studied to address overheating challenges and 

enhance efficiency. Bayrak et al. [6] conducted an experimental investigation comparing various cooling methods, 

demonstrating their impact on improving PV panel performance under diverse conditions. Their findings highlighted 

the importance of tailoring cooling techniques to specific environmental factors for optimal results. Kandeal et al. [7] 

provided a systematic review of nano-enhanced cooling technologies, emphasizing their superior heat dissipation 

capabilities. The review outlined innovative approaches, such as nanofluids and nanocoatings, while recommending 

further research on cost-effective implementation and long-term stability. Nižetić et al. [8] performed a detailed 
analysis of passive cooling techniques, focusing on their economic and environmental implications. The study 

concluded that passive methods are viable for sustainable applications but require advancements in material design to 

maximize efficiency. Grubišić-Čabo et al. [9] reviewed various PV cooling strategies, categorizing them into passive 
and active approaches. The study highlighted the potential of hybrid cooling systems to achieve significant thermal 

regulation, advocating for their broader adoption in high-temperature regions. Dwivedi et al. [10] presented a 

comprehensive state-of-the-art review of advanced PV cooling techniques, covering active, passive, and hybrid 

methods. Their work emphasized the importance of integrating modern technologies like PCM-based cooling and 

microchannel heat sinks to enhance energy output and extend PV panel lifespan. These studies collectively underscore 

the critical role of innovative cooling methods in advancing PV panel performance, with ongoing research needed to 

balance efficiency, cost, and sustainability. Recent studies have explored various cooling techniques to enhance 

photovoltaic (PV) panel efficiency. Panda et al. [11] reviewed advanced cooling methods, including passive and active 

systems, emphasizing their potential to improve thermal management and energy output. The review highlighted the 

need for cost-effective and scalable solutions to make these technologies widely applicable. Bahaidarah et al. [12] 

focused on uniform cooling methods, analyzing their impact on reducing thermal hotspots and improving PV panel 

durability. Their review underscored the importance of uniform heat dissipation for maintaining consistent performance. 

Maleki et al. [13] provided a comprehensive overview of PV cooling strategies, categorizing them into air-based, 

water-based, and hybrid approaches. They emphasized the role of hybrid systems in achieving superior efficiency and 

reliability. Nabil and Mansour [14] evaluated various cooling techniques to reduce PV panel temperature, 

demonstrating significant efficiency improvements. The study suggested combining multiple methods for enhanced 

performance and sustainability. Ibrahim et al. [15] conducted a comparative analysis of cooling methods, integrating 

environmental and economic perspectives. Their findings highlighted the need to balance efficiency gains with 

ecological and financial considerations for practical deployment. These reviews collectively underline the importance 

of innovative and integrated cooling solutions to address the challenges of PV panel temperature regulation, efficiency, 

and longevity. 

 

III. METHODOLOGY 

 

The study involves the design and implementation of two distinct natural cooling methods, Type-I (Aloe Vera Plant) 

and Type-II (Banana Leaves), applied to identical photovoltaic (PV) panels under similar environmental conditions. 

Two PV panels with identical specifications, dimensions, and orientation were selected to ensure consistency and 

eliminate variability in performance. Real-time monitoring systems were installed to measure temperature, voltage, 

current, and solar irradiance, with data recorded at regular intervals using a centralized data acquisition system. In the 

Type-I cooling method, Aloe Vera plants were placed beneath the back surface of one panel. Known for their high-

water retention and cooling properties, these plants absorbed and dissipated heat through natural convection and 
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evaporative cooling. The soil was kept moist throughout the testing period to maximize the cooling effect. For the 

Type-II cooling method, freshly harvested banana leaves were kept below to the second panel. The leaves were 

replaced every 2–3 days to maintain their effectiveness. The experimental setup was established in an open area with 

unobstructed sunlight, and data were collected over 10 consecutive days during peak sunlight hours. Environmental 

parameters such as wind speed and humidity were also recorded to account for their influence on cooling performance. 

Comparative analysis of temperature profiles, electrical output, and maintenance requirements was conducted to assess 

the cooling efficiency, practicality, and long-term feasibility of the Aloe Vera and banana leaf methods. This approach 

provides valuable insights into the potential of natural cooling techniques to enhance PV panel efficiency in sustainable 

and cost-effective ways. 

 

IV. EXPERIMENTAL RESULTS 

 

The comparison of voltage outputs (Fig. 1a) between Type-I, Type-II and standard PV Panel highlights the enhanced 

performance of the cooling methods. Type-I consistently achieved higher voltage levels, particularly during peak solar 

irradiance, due to its ability to maintain a stable operating temperature. Type-II also showed improved voltage 

compared to the standard panel but experienced greater fluctuations, likely due to the drying of banana leaves and 

reduced cooling efficiency over time. The temperature profiles (Fig. 1b) further validate these observations. Type-I 

maintained a lower and more consistent panel surface temperature throughout the day, demonstrating the sustained 

cooling efficiency of Aloe Vera plants. Type-II initially achieved similar temperature reductions but showed a sharp 

increase in temperature as the leaves dried, emphasizing the need for frequent replacement. The standard panel 

exhibited the highest temperatures, underscoring the importance of cooling for enhancing PV performance. 

 

  
 

Fig. 1: - Evaluation for Type-I and Type-II Methods with Standard PV Panel 
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(b) 

 

Fig. 2: - Comparison between Type-I and Type-II Methods for Voltage (a) and Temperature (b) 
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The evaluation of the Type-I (Aloe Vera) and Type-II (Banana Leaves) methods, compared to a standard PV panel 

without cooling, reveals distinct advantages and limitations for each approach. In Type-I, the Aloe Vera plants 

demonstrated effective heat dissipation, particularly during peak sunlight hours, leading to a significant reduction in 

panel surface temperature. The natural evaporative cooling effect provided by the water-retaining properties of Aloe 

Vera ensured a steady cooling rate throughout the day. This cooling translated into improved electrical efficiency, with 

voltage and power output showing notable gains over the standard panel. Conversely, Type-II, utilizing banana leaves 

as a cooling cover, provided rapid cooling initially, due to the high moisture content of the leaves. However, the 

cooling effect diminished over time as the leaves dried out. This required frequent replacement of the leaves to sustain 

performance, making Type-II a more labour-intensive solution. While Type-II cooling also improved the voltage and 

temperature profiles compared to the standard panel, its effectiveness was less consistent compared to Type-I. Type-I 

proved to be a more practical solution for small installations or scenarios prioritizing simplicity and low maintenance. 

The Aloe Vera setup requires minimal intervention, whereas Type-II demands more active upkeep, limiting its long-

term feasibility.  Both Type-I and Type-II methods improved the performance of PV panels, Type-I emerged as a more 

sustainable and user-friendly approach. The consistent cooling effect of Aloe Vera plants ensures enhanced efficiency 

with minimal maintenance, making it an ideal choice for practical applications. 

 

V. CONCLUSION 

 

The enhancement of photovoltaic (PV) panel efficiency remains a critical focus area in the pursuit of sustainable energy 

solutions. This study comprehensively reviewed experimental and innovative cooling techniques, with a particular 

emphasis on passive methods. Findings from recent research underscore the substantial benefits of effective cooling 

strategies in mitigating overheating, improving energy conversion efficiency, and extending panel lifespan. Passive 

cooling techniques, including PCM-based solutions, have shown promise due to their simplicity, cost-effectiveness, and 

significant temperature regulation capabilities. Challenges such as material stability, scalability, and integration costs, 

however, persist and require targeted research and development. Moving forward, it is imperative to optimize cooling 

technologies through advancements in material science, standardized testing protocols, and real-world implementation 

strategies. By addressing these challenges, innovative cooling techniques can play a pivotal role in maximizing the 

efficiency and sustainability of PV systems, contributing significantly to the global transition to renewable energy. 
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