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Indonesia's persistent tropical climate and strong sunlight year-round lend 

themselves well to photovoltaic (PV) applications. However, prolonged sun 

exposure raises panel temperatures and reduces energy conversion efficiency. 

This study examines how to experimentally enhance the power output and 

efficiency of PV systems by combining single-axis solar tracking with 

passive heatsink cooling. On sunny days, two identical 50 W polycrystalline 

PV panels were evaluated in Surakarta, Indonesia. Four setups were tested: 

baseline (no tracking or cooling), tracking only, cooling only, and a 

combination of both. Temperature, voltage, and current data were gathered 

using calibrated INA219 and MLX90614 sensors. Results indicate the system 

can enhance efficiency and power output. Tracking alone improved power by 

26.42% and efficiency by 2.16%; cooling using an aluminum heatsink 

boosted power by 40.28% and efficiency by 3.39%. Combining tracking and 

cooling yielded the highest power increase of 55.61%, with a 2.79% 

efficiency gain. These findings demonstrate the reduced efficiency benefits 

due to thermal effects despite higher irradiance in tracking systems. This 

research offers practical insights for optimizing PV performance in tropical 

regions and supports developing cost-effective, hybrid enhancement 

strategies. 
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1. INTRODUCTION 

Electrical energy has an important role in human life today, almost all activities require electrical energy 

for commercial, industrial, and household daily activities [1]-[4]. Therefore, to meet the demand for electrical 

energy, it is necessary to have an adequate supply of energy, electricity with fossil fuels, and renewable energy. 

As the global demand for clean and sustainable energy intensifies, solar photovoltaic (PV) technology 

continues to attract significant attention due to its scalability, zero-emission operation, and decreasing 

production costs. Indonesia is a developing country that fulfills electricity needs mostly from power plants that 

still use fossil fuels [5]-[7]. Indonesia's government through the National Energy Policy (KEN) formulated an 

energy mix to decrease the dependence on fossil fuels. The energy mix has the achievement target in 2025 as 

renewable energy at least 23%, petroleum less than 25%, coal at least 30%, and natural gas at least 22% [8]-

[14]. 

Based on regulations issued by the Government of Indonesia, the most appropriate use of new and 

renewable energy to be implemented is the Panel PV, namely, a technology that works by converting sunlight 

into electrical energy. PV was selected based on the potential for new and renewable energy in Indonesia, 

namely the availability of sunlight throughout the year. Indonesia is a tropical country located on the equator. 

Most parts of Indonesia get sufficient solar radiation intensity with daily radiation of up to 4.8 kWh/m2 per day 

[15]-[17].  

PV as a new and renewable energy technology, still has shortcomings, one of which is related to the low 

level of power output efficiency. According to [18][19] most PV panels have the efficiency range of 10-15%. 

This is because the application of PV which is installed statically or does not move causes the reception of 

solar energy to be received is not optimal. After all, the sun is a moving object that always moves from east to 

west. Solar Tracker as additional technology is needed as a drive system for PV which will follow the 

movement of the sun so that the solar panels will get optimal sunlight. Generally, there are two types of solar 

tracking: single-axis and dual-axis as illustrated in Figure 1. 

Simultaneously, various cooling techniques have been developed to dissipate heat and maintain lower PV 

operating temperatures. These include [20]: active cooling methods, such as water spray [21], forced 

convection [22], and phase change materials (PCMs) [23], which are effective but require additional power 

and may increase maintenance needs. Passive cooling methods, such as aluminum finned heatsinks, natural 

convection, radiative cooling, and floating PV structures [24]-[26], which are simpler and operate without 

external energy inputs but may offer limited cooling capacity. 

 

  
(a) single axis (b) dual axis 

Figure 1. Type of PV’s solar tracking system [27] 

 

Fahad, et al [28]. compared the increase in power between the single-axis and the dual-axis solar tracker 

systems with only a 3.96% difference, this shows that the single-axis and dual-axis solar tracker systems do 

not have a significant increase in power. The dual-axis solar tracker system has different installation and 

operating costs. Research by Lazaroiu, et al. [29] comparing the single-axis solar tracker PV system with a 

static PV system state that there is an increase in efficiency of 12-20%. 

The problem of the efficiency of the panel PV is not only related to the problem of not optimal reception 

of solar radiation. The performance of the PV system is influenced by several parameters, one of which is 

temperature [30]-[34]. The unabsorbed portion of solar radiation is converted into heat energy and causes a 

decrease in the electrical efficiency of the PV system [35]-[38]. High levels of solar radiation cause panel 

temperatures PV to be too high where every 1°C increase causes a decrease in efficiency of 0.5% which also 

results in the lifespan of the panel PV [21],[39]-[41]. This requires cooling during the panel operation process 

PV. Heatsink as passive cooling was chosen for the cooling system because it does not require additional 
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power. Efforts to reduce temperature using heatsink cooling were carried out by Jamaluddin, et al. with the 

addition of variations in the number of heatsink fins in PV which resulted in a temperature reduction of 3.6oC 

to 9.1oC [42]. While Swar, et al. were able to reduce the PV surface temperature by 12 oC [43]. Whereas Cuce, 

et al. prove that the heatsink cooling can improve the efficiency by 9% compared to the PV without cooling  

[44],[25],[24]. 

Some researchers already proposed a combination of tracking and cooling systems for PV. Pradeed, et al. 

proposed a dual-axis tracker with water cooling. They conclude that the proposed system can boost PV system 

efficiency [45]. However, since the tracking system and cooling need an electric supply, and the external power 

supply is used, the total cost of the system will be high, and the total efficiency, including the external supply, 

will be low. Reza, et al. [46] propose single-axis tracking with water cooling. In the experimental test, they use 

power from a battery in a PV system as the supply for both motor tracking and motor pumps in water cooling. 

They conclude that the proposed system can increase PV output power. They do not give an analysis of the 

power absorbed by the tracking and cooling system from the PV system. 

In this research, optimizing solar radiation absorption using a single-axis solar tracker combined 

with heatsink cooling is an effort to increase the efficiency of PV panels. The contributions and novelty of this 

study are as follows: 

• Experimental implementation of a passive hybrid system combining single-axis tracking and heatsink 

cooling without external power. 

• Quantitative evaluation of power and efficiency across four configurations: baseline, cooling-only, 

tracking-only, and combined. 

• Demonstration of the sub-additive interaction between cooling and tracking effects under tropical climate. 

The rest of the paper is as follows: Section II discusses the materials and method which include system 

configuration, data measurement, and data processing. The results and discussion are presented in Section III. 

Finally, the conclusion of this research is resumed in Section IV. 

 

2. METHODS 

2.1. System Configuration 

The proposed systems are equipped with a solar tracker designed with an Arduino mega microcontroller, 

light dependent resistor (LDR) sensor, and a stepper motor drive that actively tracks the sun and changes the 

position of the PV perpendicular to the sun's position, shown in Figure 2. This mechanism is to maximize the 

absorption of solar radiation so that the efficiency of output PV increases compared to the use of static PV 

panels [47]. The mechanism of the solar tracker system is classified into two, namely single-axis tracker and 

dual-axis tracker [48]. The single-axis tracker has only one axis of horizontal movement, usually parallel to 

that which allows PV to move from east to west following the movement of the sun. Meanwhile, the dual-axis 

tracker has two axes of motion that allow PV to follow the movement of the sun with an axis parallel to the 

north-south and east-west [41]. Optimization of solar radiation absorption is carried out using a solar tracker 

technology which is designed in a single-axis solar tracker system. The specification of the PV used is in Table 

1. 

Figure 3 is the configuration of the PV panel and heatsink. Heatsink as a cooling made from aluminum is 

placed against the bottom of the PV panel. The PV used is Polycrystalline MY SOLAR MY50M-12. PV works 

by converting solar radiation into electrical energy through a process called the effect PV [49]. The PV effect 

is a process that generates a voltage or current in the PV cell when there is energy from sunlight hitting the PV 

surface 

 

Table 1. PV specifications 
Panel PV “My Solar (MY50M-12) 

Cell type Polycrystalline Silicon Solar Cell 

Peak Power (Pmax) 50W 

Max. Power Volt (Vmp) 17.6 V 

Max. Power Current (Imp) 2.86 A 

Open Circuit Voltage (Voc) 22 V 

Short Circuit Current (Isc) 3.03 A 

Max. System Voltage 700 V 

Operating Temperature -45oC to +80°C 

Module Temperature 25oC 

Efficiency 14.2% 

Weight 4.2 Kg 

Dimension 0.67 m × 0.53 m × 0.03 m 

 



150 Buletin Ilmiah Sarjana Teknik Elektro ISSN: 2685-9572 

  

Performance Enhancement of Photovoltaic Panels Using Passive Heatsink Cooling and Single-axis Solar 

Tracking (Chico Hermanu Brillianto Apribowo) 

 
Figure 2. Proposed PV system 

 

 
Figure 3. PV Panel Configuration and Heatsink 

 

Comparing the PV type, polycrystalline need a wider surface than monocrystalline to produce the same 

amount of electric power and has a lower efficiency [51]. The thin film has an output power 45% greater than 

monocrystalline and polycrystalline and more efficiently in cloudy weather [52]. Heatsink as passive cooling 

has mechanism that refers to the technology used to minimize PV heat absorption without additional power 

consumption [53]. Therefore, passive cooling technology is considered effective in reducing the temperature 

of PV cells because it is relatively easy and cost-effective in production.  

The heatsink is equipped with a finned surface of various shapes that are often used to cool electronic 

devices. The energy generated by the electronic device is transferred to the heatsink via conduction and from 

the heatsink to the ambient air by natural convection [53]. The optimal dimensions heatsink can be calculated 

using equation (1) to equation (3) [50]. The illustration of heatsink dimension is depicted in Figure 4. 

 
𝑅𝑎𝑆 =

𝑔𝛽(𝑇𝑠 − 𝑇∞)𝑆3

𝑣2
𝑃𝑟 (1) 

 𝑅𝑎𝐿 = 𝑅𝑎𝑆(𝐿3 𝑆3⁄ ) (2) 

 
𝑆𝑜𝑝𝑡 = 2.714

𝐿

𝑅𝑎𝐿
    0.25 (3) 

 
𝑛 =

𝑊

𝑆 + 𝑡
 (4) 
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where, 𝑅𝑎 is the Rayleigh number, 𝐿 is the Fins length (m), 𝑔 is the Gravity (m/s), 𝑃𝑟  is the Prandtl number, 𝛽 

is the Volumetric expansion coefficient (1/K), 𝑆 is the Fins distance (m), 𝑣 is the Kinematic viscosity, 𝑛 is the 

Number of fins, 𝑇𝑠 is the Surface temperature (°C), 𝑊 is the Heatsink surface width (m), and 𝑇∞ is the Ambient 

temperature (°C), 𝑡 is the Fin thickness (m). 

𝑅𝑎𝑆 and 𝑅𝑎𝐿 is the Rayleigh number for fins distance and length respectively, which is obtained by the 

equation (1) and equation (2). After knowing the value Rayleigh number, the optimum distance of the fins 

heatsink is calculated by the formula (3). The number of fins heatsink for the optimum distance of the fins is 

heatsink obtained by the equation (4). This research uses PV 50 WP with dimensions of 61 × 57 cm. The 

heatsink is placed under the PV surface with a plate thickness of 3 mm and a thickness of 2 mm fins. The 

heatsink installation is equipped with a thermal paste to help optimize PV temperature absorption. 

 

 
Figure 4. Heatsink Dimension [50] 

 
2.2. Data Measurement 

The testing is carried out for 7 days with a testing period of 8 hours starting at 08.00 a.m. to 16.00 p.m. 

The variables measured in this study are voltage (V), current (A), PV surface temperature (°C). Voltage and 

current are measured using the INA219 sensor, while the surface temperature of the PV is measured using the 

MLX90614 temperature sensor in real-time, wherein the current, voltage, and PV temperature data 

measurements are stored in the data logger. In the data measurement process, two PVs were used where one 

PV was installed with a static system without the addition of a solar tracker and heatsink cooling. The other 

PV is installed with the solar tracker and heatsink cooling system alternately, then the systems are solar tracker 

and heatsink cooling installed on the PV simultaneously.  The real picture of testing conditions is shown in 

Figure 5. 

 
2.3. Data Processing 

The calculation of data from the measurement of current, voltage and surface temperature are carried out 

to determine the amount of power output, efficiency, and temperature change for further analysis of the 

relationship between temperature and PV performance. Where the electrical efficiency and thermal efficiency 

of PV are calculated using the equation (5). While thermal efficiency is calculated by the formula (6). 

In equation (5), 𝜂𝑒𝑙𝑒𝑐 is the electric efficiency of PV, 𝜂𝑃𝑉 is the efficiency of PV (14.2%), 𝛽𝑟𝑒𝑓  is the 

temperature coefficient of silicon (K-1), 𝑇𝑠 is the surface temperature of PV (°C), and 𝑇𝑟𝑒𝑓  is the reference 

temperature of PV (°C). At formula (6), 𝜂𝑡ℎ (%) is thermal efficiency, 𝑄 is thermal energy (J), 𝐺 is mean solar 

intensity (Wh / m2), and 𝐴 is PV surface area (m2). The thermal energy in formula (6) is calculated using the 

formula (7). At formula (7), m is the object's mass (kg), 𝐶𝑝 is the body's heat coefficient (kJ / (kg *°C)), 𝑇𝑖𝑛𝑙𝑒𝑡  

is the initial temperature (°C), and 𝑇𝑜𝑢𝑡𝑙𝑒𝑡  is the final temperature (°C). The sun intensity can be calculated 

using the following formula (8), where 𝑃 is the power (W). The total efficiency is calculated by equation (9). 

 

 𝜂𝑒𝑙𝑒𝑐 = 𝜂𝑃𝑉[1 − 𝛽𝑟𝑒𝑓(𝑇𝑠 − 𝑇𝑟𝑒𝑓) (5) 
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𝜂𝑡ℎ =  

𝑄

𝐺. 𝐴
 (6) 

 𝑄 = 𝑚𝐶𝑝(𝑇𝑜𝑢𝑡𝑙𝑒𝑡 − 𝑇𝑖𝑛𝑙𝑒𝑡) (7) 

 
𝐺 =

𝑃

𝜂𝑃𝑉𝐴
 (8) 

 𝜂𝑡𝑜𝑡𝑎𝑙 = 𝜂𝑒𝑙𝑒𝑐 + 𝜂𝑡ℎ (9) 

 

  
(a) No Tracking, No Cooling (b) No Tracking, Cooling 

  
(c) Tracking, No Cooling (d) Tracking, Cooling 

Figure 5. Testing condition 

 

3. RESULT AND DISCUSSION 

After the experimental testing, in this section, the results will be provided and analyzed. The results from 

four testing conditions are compared. The results in the view of power are provided in Figure 6. It informs that 

compared to the normal condition of no cooling-no tracking; the highest peak power is came from cooling-

tracking. Compared no cooling condition for no tracking and tracking, the letter has higher peak power. On the 

other hand, compared cooling conditions with and without tracking, it found that the first one has higher peak 

power. More detail, the largest average power output is generated by cooling-tracking condition which is 39.81 

W. Furthermore, the average power output of 35.89 W is generated by cooling-no tracking condition. Followed 

by no cooling-tracking with average power of 31.88 W. 

The PV surface temperature comparison is shown in Figure 7. The graph shown on PV normal condition 

(no cooling-no tracking) the temperatures fluctuating between the hours of 9:40 a.m. until 12:00 p.m., where 

the average temperature is worth 44.12°C. The temperature decrease is generated by cooling-no 

tracking condition with an average surface temperature of 36.02°C. Further temperature decreases also 

occurred in the cooling-tracking condition in which the average value of the temperature of 37.95°C, while in 

no cooling-tracking condition increased the mean average temperature to be 48.33°C. Overall, the highest 
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temperature is from no cooling-tracking condition, and the lowest temperature is from cooling-no tracking 

condition. Therefore, this proof that the cooling has significant effect in the PV surface temperature. 

The last analysis is from the efficiency which the results is depicted in Figure 8. From the graph, the 

highest average efficiency value is generated by cooling-no tracking condition at 13.64%. For cooling-tracking 

condition, efficiency is 13.56%. While no cooling-tracking condition produces an average efficiency of 

13.48%. Therefore, it can be concluded that cooling can increase the efficiency of the PV system. Whereas the 

tracking system event can increase power output, it has low efficiency since in the tracking system the surface 

temperature of the PV is higher. 

 

  
Figure 6. Power Comparison Figure 7.  PV Surface Temperature Comparison 

 

 
Figure 8. Efficiency Comparison 

 

In more detail, the quantitative results are resumed in Table 2 for power, temperature, and efficiency. 

From the three conditions compared to PV no cooling-no tracking condition, there was the largest increase in 

power in the cooling-tracking method by 55.61% from an average of 25.58 W to 39.81 W. The increase in 

power was 40.28% and 24.62% also occurred in PV cooling-no tracking condition, which increased from an 

average of 25.58 W to 35.89 W, and PV no cooling-tracking condition only increased by 6.3 W from an average 

of 25.58 W to 31.88 W. These results shows that the addition of cooling and tracker system can increase the 

power output of a PV system.  

In terms of PV surface temperature, four conditions are compared with no cooling-no tracking as the base. 

The temperature in no cooling-tracking condition has increased by 9.56%, namely 4.21°C from an average 

temperature of 44.12°C to 48.33°C. While in cooling-no tracking condition, the temperature decreased by 

18.35%, namely 8.1°C from an average temperature of 44.12°C down to 36.02°C. In cooling-tracking condition 

temperature drop of 13.98%, which is 6.17°C of the average temperature of 44.12°C to 37.95°C. Of the four 

conditions compared, only no cooling-tracking condition which is experiencing an increase in temperature. 

The other two methods are experiencing a decrease in temperature. This is because no cooling-tracking, the 

solar panel moves to follow the movement of the sun so that the PV experiences a high enough temperature 

increase. 
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The results of the calculation of the total efficiency of no cooling-no tracking condition are compared to 

other conditions, the largest increase in total efficiency was generated by cooling-no tracking method by 

3.39%. This shows that the use of a heatsink for cooling can reduce the panel temperature and increase 

efficiency. Meanwhile, the tracking method has experienced a low change in efficiency. This is because in the 

tracking method, the PV follow the sun movement which make it temperature higher compered to static PV 

system. 

 

Table 2. Testing results in all conditions 

Conditions 
Power 

(W) 

Change 

(%) 

Surface Temp. 

(°C) 

Change 

(%) 

Ambient Temp. 

(°C) 
Efficiency 

Change 

(%) 

No Cooling-No 

Tracking 
25.58 - 44.12 - 32.53 13.20 - 

Cooling-No Tracking 35.89 40.28 36.02 -18.35 34.73 13.64 3.39 

No Cooling-Tracking 31.88 24.62 48.33 9.56 35.94 13.48 2.16 

Cooling-Tracking 39.81 55.61 37.95 -13.98 28.62 13.56 2.79 

 

4. CONCLUSIONS 

The effort to increase PV system efficiency has been made using heatsink cooling and solar trackers. Four 

conditions have been tested which are: no cooling-no tracking, cooling-no tracking, no cooling-tracking, and 

cooling-tracking. Compared to PV with no cooling-no tracking as the base, the addition of the tracking method 

resulted in a power and efficiency increase of 26.42% and 2.16%, respectively. The use of the heatsink 

cooling method causes an increase in power by 40.28% and an efficiency of 3.39%.  The heatsink 

cooling combined with the tracking method resulted in a 55.61% increase in power and a 2.79% increase in 

efficiency. This proves that both cooling and tracking can increase the efficiency of the PV system. 
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