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Abstract 
 

Photovoltaic modules play a crucial role in the generation of renewable energy. However, their performance is highly 

sensitive to temperature changes, as excessive heat can significantly reduce photovoltaic efficiency and electrical output. 

To counteract this issue, an effective cooling system is essential to maintain the optimal operating temperature of PV 

modules. Therefore, a cooling system is needed to maintain the optimal temperature and increase the output. This paper 

compares various cooling approaches categorized into three main types: active, passive, and hybrid (combined) cooling 

methods. Active cooling methods, such as forced air cooling and water circulation systems, are capable of significantly 

reducing the temperature of photovoltaics. However, they often require external power sources, which can reduce overall 

energy efficiency. Passive cooling techniques, including heat sinks, phase change materials (PCMs), and natural 

convection, offer energy-efficient alternatives that do not require external power, although their cooling capacity may be 

limited. Hybrid cooling methods, which integrate active and passive elements, have demonstrated superior performance 

by balancing energy consumption and cooling effectiveness. Effective cooling not only improves performance but also 

extends the life of the system. Cooling technology should focus on cost-effective, eco-friendly solutions to enhance solar 

module performance and support efficient renewable energy use. 
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Abstrak 
 

Panel surya berperan penting dalam menghasilkan energi terbarukan. Namun, kinerjanya sangat dipengaruhi oleh suhu. 

Ketika suhu terlalu tinggi, efisiensi panel menurun dan output listrik berkurang. Oleh karena itu, sistem pendinginan 

diperlukan untuk menjaga suhu operasi tetap optimal dan mendukung kinerja panel. Penelitian ini membahas tiga jenis 

sistem pendinginan utama: aktif, pasif, dan hibrida. Sistem aktif, seperti pendingin air atau kipas, efektif dalam 

menurunkan suhu secara cepat, tetapi membutuhkan energi tambahan yang dapat menurunkan efisiensi keseluruhan. 

Sementara itu, metode pasif misalnya penggunaan sirip pendingin, bahan perubahan fasa (PCM), dan konveksi alami 

lebih hemat energi karena tidak memerlukan daya tambahan, meski kapasitas pendinginannya terbatas. Metode hibrida 

yang menggabungkan teknik aktif dan pasif menunjukkan hasil terbaik dalam menyeimbangkan efektivitas pendinginan 

dan efisiensi energi. Selain meningkatkan performa, sistem pendinginan juga dapat memperpanjang usia pakai panel 

surya. Pengembangan teknologi pendinginan yang hemat biaya dan ramah lingkungan sangat penting untuk mendukung 

efisiensi sistem fotovoltaik dan memperkuat pemanfaatan energi terbarukan secara berkelanjutan. 

 

Keywords: Energi terbaharukan, panel surya, pendingin aktif, pendingin pasif, efisiensi energy 

 

1. Introduction 

 

Along with the increasing number of global energy demand 

and environmental problems, making renewable energy 

sources very important [1], [2]. Renewable energy is an 

alternative energy that comes from renewable sources, 

namely the sun, water, wind, geothermal and biomass to 

replace energy from fossils [3], [4]. Of the several 

renewable energy sources available, solar energy is the 

most economical and environmentally friendly. Sunlight is 

available in every climate zone, but each region has 

different levels of irradiation. Where tropical areas have 

the highest levels of global irradiation throughout the year 

[5]. Generally, photovoltaic systems are made of 

semiconductor materials, where the semiconductor itself is 

one part of the relatively small energy of the electrons. 

Electrons can be generated from valence band photons to 

the conduction band [6], [7]. Basically, photovoltaic cells 
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are composed of light absorbers that only absorb photons 

from the sun above a certain minimum photon energy [8], 

[9]. 

 

Through the photovoltaic system, solar radiation will be 

converted into electrical energy [10]. The conversion 

process is through photovoltaic cells that function to 

capture the energy produced by the sun by utilizing the 

photoelectric effect [11]. However, the level of irradiation 

that can be converted is only 5-20% of the total amount of 

irradiation received, and the rest will be distributed to the 

environment, causing an increase in operational 

temperature, significantly reducing system performance 

[12], [13]. In several studies, photovoltaic can work 

optimally at a temperature range of 250 C to 350 C [14]. If 

the temperature produced exceeds the ideal range and then 

reaches a maximum limit at a temperature of around 450 C 

or more, it can cause efficiency to drop significantly [15]. 

In addition, the side effect of every 10 C increase in 

temperature above 250 C will reduce the panel's output 

power by 0.5% [16]. Several factors that can affect the 

performance of photovoltaic are solar radiation, which has 

a direct influence on the output power produced by the 

photovoltaic, where the higher the solar radiation, the 

higher the panel output power [17], [18], environmental 

temperature, angle of incidence of light, panel surface 

temperature, weather, and wind speed [19]–[22]. 

 

Temperature is a major factor that can affect the power 

output generated by the panel. Panel efficiency will 

decrease along with the increase in the operational 

temperature on the panel surface [23], [24]. Therefore, a 

cooling system is needed that can lower the operational 

temperature so that the efficiency of the photovoltaic 

increases [25]–[27]. In its integration, active, passive and 

combined passive-active cooling systems are used to 

overcome the challenges arising from the high operational 

temperature of the photovoltaic system [28]. In passive 

cooling systems such as the use of phase change materials 

(PCM), heat pipes, air ducts, thermosyphons that do not 

require additional power [29]. While for active cooling, 

namely water spray cooling, water flow cooling, 

thermoelectrics, heatsinks that require energy consumption 

in system operation [30]. Where the power required in the 

active cooling system is reduced from the power generated 

by the photovoltaic which results in reduced output power 

[31]. For example, water cooling can significantly reduce 

the operational temperature of the panel surface so as to 

avoid panel damage due to excessive heat [32]. This 

research aims to gather relevant literature and perform a 

comparative assessment of how different cooling 

approaches influence the efficiency of photovoltaic (PV) 

systems in enhancing power output. The analysis is 

grounded in a review of existing research on various 

cooling techniques and their effects on PV performance. In 

particular, the study focuses on evaluating passive, active, 

and hybrid cooling methods by examining their capabilities 

in lowering module temperature, improving energy output, 

managing energy consumption, associated costs, and 

practicality of implementation. By outlining the strengths 

and weaknesses of each method, this research offers 

valuable perspectives on selecting the most effective 

cooling strategy for optimizing PV system performance 

across varying environmental and operational contexts. 

 

2. Research Methods  
 

The research method used in this article follows the 

Preferred Reporting Items for Systematic Reviews and 

Meta Analyses guidelines or commonly called (PRISMA). 

Using this approach in cooling system research is useful as 

a structured and systematic framework, an effort to 

improve the quality of a study and as a comparison between 

studies conducted. 

 

Literature review is a strategy used in the review process. 

In a literature review in the form of an investigation to 

identify, evaluate, discuss, group and present it based on 

the problems of a study. This is needed to compare current 

research which includes what is researched and not 

researched through validity, increasing accuracy and 

transparency [33]. 

 

2.1. Determining Research Questions and Objectives 

 

In order to determine a systematic method in the search 

process and also analyze literature, the first thing to do is 

to determine the questions and objectives of the research 

being conducted, so that the research being conducted is in 

accordance with the topic being researched. 

 

2.2. Literature Search and Selection Methods 

 

In this process, it is done by selecting keywords related to 

the research topic being studied. In this case, keywords are 

used to facilitate the process of identifying papers with 

topics that are in line with the research being conducted. 

Furthermore, keywords are implemented on online 

websites such as science direct and google scholar which 

provide facilities for researchers to obtain references. This 

study uses references from journals, books, and articles 

published in the period 2015 to 2025. 

 

2.3. Information Extraction 

 

In this information extraction process, data or information 

that is in line with the research topic will be analyzed. This 

aims to determine the advantages, disadvantages, methods 

and results of existing research. Additional information 

such as publication sources, institutions or organizations, 

countries of origin and authors are collected. 

 

2.4. Evaluation and Interpretation of Results 

 

Grouping the papers or articles obtained into sections is the 

main objective in the literature collection process. The 
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papers will be grouped in the form of tables according to 

their significance so that they can be examined effectively. 

Furthermore, an in-depth analysis is carried out to obtain a 

brief overview of the findings. In the process by integrating 

and managing the findings of each article or paper, so that 

a certain arrangement is created that is related to the issue 

being analyzed which can provide a unique and 

comprehensive perspective. 

 

3. Results and Discussion  
 

This section will discuss the importance of the cooling 

system on photovoltaic, factors that affect the performance 

of the cooling system, an overview of the cooling system 

and the methods used in the photovoltaic cooling process. 

 

3.1. The Importance of the Cooling System on 

Photovoltaic 

 

Solar energy is the largest renewable energy source [34]. 

In addition, solar energy is known for its unlimited and 

inexhaustible amount [35], it is estimated that in 2050 the 

world will experience energy consumption of 45% which 

is obtained from the sun [36]. In its utilization, solar energy 

uses photovoltaic cells to capture solar irradiation and 

convert it into electrical energy [37]. Of the total amount 

of irradiation received, photovoltaic cells can only convert 

about 15% and the rest becomes heat which can cause 

panel efficiency to decrease along with increasing 

photovoltaic cell temperature [38]. Photovoltaic cells will 

work optimally when the temperature obtained is constant, 

namely 250 C. If the temperature obtained is more than 250 

C, the open circuit voltage or (Voc) will decrease [39]. And 

for each photovoltaic cell experiencing a temperature 

increase of 10 C from 250 C, this will reduce the output 

power by about 0.5% [40]. 

 

3.2. Factors Affecting Cooling Performance 

 

 
 

Figure 1. Cooling performance factor 

 

Several factors that can affect the panel cooling system as 

an effort to increase the efficiency of photovoltaic 

production [41]. Some of these factors include the level of 

solar radiation, photovoltaic material, shadows, 

temperature, humidity and dust accumulation [42]. 

Photovoltaic are very sensitive to higher temperatures, 

which can cause decreased efficiency of photovoltaic [43]. 

Thus, a cooling system is needed to lower the temperature 

of the photovoltaic so that the optimal temperature can be 

maintained and increase the efficiency and service life of 

the photovoltaic [44]. Other factors such as dust 

accumulation on the surface of the panel can cause a 

decrease in the level of absorption of sunlight by the panel. 

With a cooling system that can be used as a panel cleaner 

so that there is no dust buildup [45]. The most important 

factor is the type of material used in construction. Where 

this type of material will affect the rate of heat transfer or 

energy conversion, the effectiveness and durability of the 

cooling system [46]. In addition, there is long-term 

performance that must also be considered, such as the 

following factors, namely, dirt, material degradation, and 

wear that can affect the system so that it requires 

maintenance from time to time. By carrying out routine 

maintenance and monitoring, problems can be reduced and 

the reliability of the system can be ensured in the long term 

[47]. 

 

3.3. Overview of Cooling System 

 

A variety of cooling techniques are used in an effort to cool 

photovoltaic both actively and passively, such as natural 

radiation, convection and also cooling by spraying water 

[48], [49]. In the process of selecting the cooling system 

method to be used based on several things such as certain 

photovoltaic technology, environmental conditions and 

also the design of the system used [50]. The photovoltaic 

cooling system is very important as an effort to prevent a 

decrease in system performance, increase output power 

and maintain photovoltaic efficiency [51]. 

 

3.4. Photovoltaic Cooling System Method 

 

Increased temperature can result in decreased electrical 

energy production, so that the efficiency of energy 

conversion that occurs will decrease along with the 

increasing temperature of the solar module [52]. In its 

implementation, an adequate cooling system can reduce 

the temperature of the solar module and efficiency, this 

makes the cooling system an important factor in order to 

improve the overall performance of the system [53]. 

Cooling methods can be divided into three types with 

several subsections [54]. 

 

3.4.1. Active Cooling 

 

Active cooling method is a cooling that requires external 

power source as supply [5]. This method is superior 

compared to passive cooling method in terms of continuous 

heat transfer mechanism combined with real cooling [55]. 

In addition, some of the research conducted with active 

method can show effectiveness compared to passive 

system which is limited in number. 
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Table 1.Research On Active Cooling Systems 
 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.1.1. Water Flow Cooling 

 

Using water cooling system can increase the efficiency of 

solar module so that it can reduce excess heat generated 

effectively. In the study conducted in order to cool solar 

module on polycrystalline panel using water flowing on the 

module surface and heat exchanger on the back side of the 

module, it was shown that using solar module cooling 

system can increase the output power generated [29], [56]. 

In the research conducted by [32] using water flow cooling, 

power increase was obtained by 2.9 W with efficiency 

becoming 3.4%. 

 

3.4.1.2. Air Flow Cooling 

 

Air is the main cooling system in an air-based active 

cooling system that uses forced air circulation to lower the 

temperature of the solar module [57]. In a study conducted 

by [58] it can be seen that energy is needed to drive direct 

current fans. In the study it was found that the use of one 

fan increased electricity generation by 12.93% then to 

37.17% with two fans, 41.28% three fans and 44.34% with 

4 fans. To improve the performance of solar modules in 

producing electrical energy [59] comparing with uncooled 

solar modules showed PVCE was 7.2% higher with a 

power increase of 6%. 

 

3.4.1.3. Water Spray Cooling 

 

The mechanism in this method is to break water into small 

droplets with a large surface ratio. This method offers 

superior cooling benefits and increased consistency of the 

surface temperature of solar modules in a wider area. In 

addition, this method aims to increase heat transfer to the 

surrounding environment to reduce the temperature of the 

solar module so that it can increase PVCE [30]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.1.4. Heatsink Airflow Cooling 

 

In this method, air is not used directly to cool the solar 

module, but uses active air cooling with a heatsink. Several 

studies have been conducted to obtain the arrangement and 

placement of heatsinks that can work optimally to increase 

the efficiency of solar modules and cool them [60]. In his 

research [61] has investigated the ideal layout of fins, 

baffles and channels with various fin and channel 

configurations. Then it can be seen that combining 

elongated fins with angular baffles will get the best results. 

With an increase in output power of 6%. 

 

3.4.2. Passive Cooling 

 

Efforts to regulate the temperature of solar modules to 

ensure optimal solar module performance with a long 

service life. Passive cooling method is one of the 

techniques to cool solar modules without using or 

consuming energy, where the heat stored in the solar 

module will be transferred through radiation, evaporation, 

spectrum separation and natural convection with the 

smallest impact [12]. Several passive cooling methods 

such as floating PV, heat pipes, submerged phase changers 

(PCM), and thermoelectrics will be discussed in this paper. 

 

3.4.2.1. Floating PV Cooling 

 

Floating solar modules are a good solution as an effort to 

cool solar power plants with increased efficiency. Floating 

solar modules show 10% higher efficiency compared to 

conventional cooling systems or those installed on land 

[64]. In terms of economy, the cost of installing floating 

solar modules is 15% more expensive than installing solar 

modules on land, but floating solar modules have lower 

operational costs compared to conventional ones [65]. The 

environmental impact of installing floating solar modules 

on water bodies such as reservoirs, lakes, dams, and ponds 

has been shown to reduce water evaporation by up to 70% 

No Author (year) Cooling Type 
Normal 
Power 

Power With 
Cooler 

Temperature 
Decrease 

Power 
Increase 

Efficiency 
Increase 

1 Taqwa (2020) [32] Water flow 19.0 W 21.9 W 9.90 C 15.26% 0.4% 
2 Amelia (2016) [58] Air flow 42.53 W 48.02 W 4.120 C 30.40% - 
3 Sajjad (2019) [59] Air flow 25 W 35 W - 40% 7.2% 

4 
Laksana (2022) 

[25] 
Water spray 7.39 W 10.52 W - 42.52% - 

5 
Miftahhul (2021) 

[17] 
Water spray 568.75 W 617.6 W 16.40 C 22% 4% 

6 
Alqahtani (2024) 

[1] 
Water flow 100 W - 7% 14% 0.35% 

7 
Zubeer  (2021) 

[63] 
Water flow (force), 

reflectors 
- - 30-350 C 18.5% 8% 
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[66]. In addition, using this cooling system can reduce 

algae growth and reduce water contamination in water 

bodies [67]. In floating infrastructure, there are several 

environmental risks that can be harmful to the long-term 

performance of solar power plants, namely, major storms, 

tsunamis, earthquakes and fluctuations in water levels, 

even so, with the strong performance and reliability of the 

floating system, it can convince many countries to show 

interest in this system [68]. 

 

3.4.2.2. Heat Pipe Cooling 

 

The heat pipe contains a liquid that will flow at a low 

temperature [47]. In a study conducted by Tang with the 

name Novel Micro Heat Pipe Array, where in the study the 

heat pipe transfers the heat generated by the solar module 

to the air or water, thereby increasing the efficiency of the 

solar module by 2.6% [32]. Combining heat pipes with 

solar modules is a breakthrough in passive cooling systems 

with the highest recommendation level in areas with winter 

or high latitudes [69]. 

 

3.4.2.3. Natural Ventilation Cooling 

 

The cooling method with natural ventilation using water or 

air is the cheapest and easiest method to implement. By 

applying this method to the rear channel of the solar 

module, the temperature can be reduced, thereby 

increasing the power output produced [70]. In a study 

conducted by [71] by analyzing the solar module cooling 

system using fins and planar reflectors located at the 

National University of Malaysia. In this study, two 

different heatsink configurations were used, namely 

lapping fins and longitudinal fins which function as passive 

coolers. With a solar radiation level of 1000 W/m2 and an 

ambient temperature of 330 C. In the use of lapping fin 

cooling, the average temperature of the solar module is 

24.60 C, with an efficiency of 10.68% and an output power 

of 37.1 W, it is determined as the best performance. It 

requires an energy return period of 4.2 years for 

longitudinal solar modules, 5 years for lapping fins and 8.4 

years for bare. 

 
Table 2. Research On Passive Cooling Systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.2.5. PCM Cooling 

 

The PCM cooling system or phase change material is a 

substance that can be used to change its physical state to 

absorb heat. This plays an important role as an effort to 

improve overall performance reliability [76]. Based on 

several studies that have been conducted, PCM as a solar 

module cooling medium has a good and beneficial impact 

so that it can increase efficiency by reducing the 

temperature on the surface of the solar module [77]–[79]. 

Using PCM on solar modules can provide the advantage of 

a high level of heat transfer, no maintenance costs, passive 

heat exchange. However, besides these advantages, PCM 

has several disadvantages including corrosion problems, 

high costs, flammability and toxicity [80]. 

  
3.4.3. Combined Cooling 

 

By combining different cooling methods, a more effective 

and efficient heat reduction system can be achieved on 

solar modules, as each method can complement the 

limitations of the others—resulting in superior thermal 

management, enhanced energy conversion efficiency, and 

extended operational lifespan of the solar panels. 

 

3.4.3.1. Active Combination 

 

Research on forced convection cooling systems is a 

scientific interest, as an effort to increase system durability 

and effectiveness. In a study conducted by [81] in order to 

test the impact of using a heat exchanger other than the 

front of the water cooling system on the rear surface of the 

solar module in the cooling process. It can be seen that 

there is a substantial increase in efficiency of 13.9%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No Author (year) Cooling Type 
Normal 
Power 

Power With 
Cooler 

Temperature 
Decrease 

Power 
Increase 

Efficiency Increase 

1 Chandavar (2020) [13] Solar air heater with chimney - - 13% 6% 35% 
2 Nazaar (2022) [62] Heatsink 14.36 W 17.54 W 2.73 0C 0.94 W 0.16% 
3 Babu (2018) [72] Termoelectric generator 170 W 225 W - 5% 6% 

4 
Praveenkumar (2022) 

[73] 
CPU Heat pipe 9.73 W 11.39 W 6.72 0C 1.66 W 2.98% 

5 Elminshawy (2022) [74] Floating - - 9.6 0C 7.66 W 2.61% 
6 Gad (2023) [75] Nano-emulsions PCM - - 8.7 0C - 5.3% 

7 Gupta (2019) [76] 
Water evaporation, capillary 

action, and burlap fabric 
- - 20 0C - 14.7% 

8 Emam (2018) [77] Foam (AMF), PCM - - 7.4% 3.38% - 
9 Sutanto (2022) [78] Thermosiphon FPVS - - 2.6 0C - 7.86% 

10 Chen (2023) [79] 
Transparent silk radiative 

cooling films 
- - 14 0C - 7% 

11 Liu (2024) [80] 
Silica gel for cooling and 

water collection 
- - 16.18 0C - 8.78 
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Table 3. Research On Combined Cooling Systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.3.2. Passive Combination 

 

By combining several passive cooling systems that can 

provide new solutions in efforts to improve temperature 

control on solar modules, so that maximum benefits are 

obtained in terms of efficiency. In its implementation, the 

combined passive cooling system can eliminate active 

components and increase the power generated. In a study 

conducted by [82], combining radiation cooling and heat 

pipes can produce a temperature drop of 12,860 C with a 

PVCE of 7.25%. According to [83] by combining 

heatsinks and phase change materials can efficiently 

absorb excess heat in the hot period so that the temperature 

difference on the surface of the solar module can be 

reduced. 

 

3.4.3.3. Active and Passive Combination 

 

By combining active and passive solar module cooling 

methods can potentially reduce energy consumption and 

system complexity so that efficiency increases. The 

cooling system that has been developed by [83] using a 

layer of silicon dioxide as radiation cooling and water flow 

through an aluminum tube placed at the bottom of the solar 

module. Solar modules connected to a diesel water heat 

exchanger using TEG together with air cooling can provide 

findings that using various combined cooling methods can 

produce a good photoelectric performance system. With a 

reduction in the surface temperature of the solar module by 

23% and providing an increase in power generated by more 

than 15%, as well as an increase in PVCE by 3% [84]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion 
 

This paper emphasizes that solar module cooling is an 

important aspect in efforts to increase the output power and 

efficiency of photovoltaic systems. From various cooling 

methods that have been compared, both active, passive and 

combined methods have been studied and proven to be able 

to reduce the surface temperature of solar modules, so that 

the efficiency of converting solar energy into electricity 

can be increased. Active cooling such as air and water flow 

shows a significant increase in output power but requires 

additional energy sources to operate. Meanwhile, passive 

cooling methods such as heat pipes and PCM are more 

energy efficient but have limitations in heat absorption. In 

using the combined method, it offers the best solution by 

optimizing the advantages of each system which can 

produce higher efficiency and increased output power in 

various environmental conditions. Based on the paper, the 

most efficient and best cooling system to use is the 

combined method, namely active and passive at the same 

time. Where this system has been proven to be able to 

reduce panel temperature more effectively, can increase 

output power and efficiency and extend the life of 

photovoltaic. The use of appropriate cooling technology is 

very important, especially in areas with high sunlight 

intensity and quite extreme environmental temperatures.  

For the future, it is recommended that the development of 

cooling systems not only focus on increasing efficiency, 

but also be cost-effective and environmentally friendly. 

Automatic cooling technology that does not require much 

additional energy is very helpful in making the system 

more practical and sustainable. 

 

 

 

 

 

 

 

 

 
No 

Author (year) Cooling Type 
Normal 
Power 

Power With 
Cooler 

Temperature 
Decrease 

Power Increase Efficiency Increase 

1 Dewi (2023) [85] 
Water spray and 

coconut fiber 
60 W 72 W - 20% - 

2 Zhang (2023) [86] 
Chimney and 

ventilator 
- - 150 C - 46.54% 

3 Salehi (2023) [87] 
Heatsink and 

nanofluid 
69 W - 13% 13.7% 1.7% 

4 H S (2024) [88] 
Jute cloth with 
floating solar 

fountain 
22.85 W 27.5 W 16.3% 15.7% 1% 

5 
Nižetić (2021) 

[89] 
PV-PCM-TE 

system 
- - 22.330 C - 17.57% 

6 
Ahmed (2022) 

[82] 
Heat pipe 
radiative 

- - 12.860 C - 7.25% 

7 Lebbi (2021) [90] 
Force air water 

flow 
- - 150 C - 5.7% 

8 
Fakouriyan 
(2024) [91] 

Water flow 
radiative 

- - 12.860 C - 9.1% 
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