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 Renewable energy sources such as photovoltaic (PV) and solar thermal (T) 

used in tropical Indonesia are still not optimal in converting electrical 

energy. This is caused by the movement of the sun which is not centered on 

the surface of the photovoltaic/thermal (PV/T). Based on this, PV/T 

technology was developed with a parabolic tracker system combined with T 

control with the aim of optimizing electrical energy conversion. The testing 

technique was carried out using an experimental method by comparing the 

installation of PV/T technology with a parabolic tracker system and a flat PV 

position. In the PV/T parabolic tracker, the supporting components use 

aluminum foil technology and heat transfer fluid (HTF) to reduce excess 

heat on the panel surface. The parabolic tracker system is implemented 

through a centralized system following the sun and aluminum foil and HTF 

technology function to keep the surface temperature stable. The results of 

PV performance testing at peak loads carried out at 10:00 am-3:00 pm, the 

installation of flat PV produced an average DC power of 71.68 Wp and the 

parabolic tracker system produced an increase in average DC power of 84.57 

Wp, while with an increase in power of 17.98% during fluctuating weather 

conditions. 
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1. INTRODUCTION 

The use of renewable energy power plants using solar energy in Indonesia has great potential based 

on tropical regions with quite high levels of solar intensity [1], [2]. Therefore, support the Indonesian 

government's program to continue to make breakthroughs in reducing greenhouse gas (GHG) emissions or 

CO2e and carbon emissions in reducing global warming with the aim of later being able to encourage an 

energy transition in the use of environmentally friendly renewable energy [3], [4]. The benefits that will be 

felt from the installation of renewable energy, especially in Indonesia, will be able to reduce dependence on 

the use of fossil fuels and can increase the use of energy efficiency with the profit of being able to reduce the 

cost of energy use in the long term. This program will later become a priority as a solution to the crisis 

problem in increasing the portion of renewable energy generation that continues [5]. Then, considerations 

and important issues regarding the operation and installation of renewable energy, namely the many remote 

areas that do not yet have electricity, especially underdeveloped areas, will be a solution to the current energy 

problem [6]. Based on this, the use of development and implementation of renewable energy installations is 

very necessary for electricity suppliers in industry, residential homes and especially for 3T (frontier, 

outermost, and underdeveloped) areas [7]–[9]. 

https://creativecommons.org/licenses/by-sa/4.0/
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The North Sumatra region has the intensity of sunlight and quite potential if renewable energy 

power plants are installed, especially photovoltaic (PV) and solar thermal (T) technology [10]–[12]. Based on 

the potential for installing and operating renewable energy power plants for the North Sumatra region, the 

weather forecast is that the temperature will be sunny at 23-33 oC and the most efficient lighting will reach  

11 hours/day during the equinox event, which of course is very profitable for building solar-powered power 

plant installations [13]. However, erratic weather fluctuations in the Medan city area cause energy conversion 

from renewable generators to be less than optimal. This greatly influences the output from the use of PV and 

solar T technology to convert solar energy to the maximum [14]–[16]. The first problem that will be 

developed is that the movement of the sun which is not concentrated on the photovoltaic/thermal (PV/T) 

surface is not able to convert energy to the maximum. The application of PV to be used to generate new 

energy still uses a static (conventional) system where the solar panels installed on the object are static or do 

not move, this is a problem because the energy source from the sun as an object always moves from east 

(rising) to west (setting), This causes the reception of solar energy from solar panels to not be optimal or 

optimal [17]–[19]. The instability of the power produced by PV is very dependent on the intensity of the sun 

received [20]–[22]. Then the problem that often occurs is that excess heat in the PV system is not efficiently 

received by the T system, so that PV performance electricity production does not increase [23], [24]. 

Increasing PV cell temperature also reduces electrical power efficiency [25], [26]. Therefore, a system for 

increasing energy conversion by utilizing PV/T by regulating water circulation in the system can streamline 

the PV/T output flow and heat can be resolved. Heat is known to directly affect the performance of PV cells, 

therefore water circulation in PV/T systems and reuse of heat collected in PV cells are very necessary. 

The parabolic trough PV/T system is designed to be able to concentrate sunlight into a focal point to 

produce very high heat temperatures [27]–[29]. Utilizing a parabolic trough design to focus sunlight along a 

copper pipe through which heat transfer fluid (HTF) flows to absorb heat and circulate through an automatic 

pump connected to the Arduino Uno microcontroller. In addition, the electrical efficiency of the system must 

be evaluated through the analytical positioning of the PV cells which must consider optimizing the exposure 

of the cells to sunlight without minimizing the amount of solar reflection onto the copper pipes. Utilization of 

cooling techniques such as the use of heatsinks must be applied to PV cells to improve electrical 

performance. The intensity of sunlight received by solar panels can be maximized by installing the 

installation at the right tilt angle so that maximum output power is obtained. Optimize the tilt angle of the 

solar panel that will be used on the device using an active sun tracking system [30], [31]. Effective 

optimization is carried out by taking the theta angle (θ) on the negative x-axis using the angle 45o, 90o, and 

135o [32]. Then in the design of an integrated T system, the PV module and cooling box flow are combined 

to achieve T and electrical conversion efficiency from the PV/T system by utilizing the fluid flow rate. The 

advantage of designing a hybrid PV/T system is that it has great potential in generating solar energy and 

harvesting heat and electrical energy simultaneously. This technology design is integrated using PV/T system 

technology with a parabolic model supported by automatic tracker technology with Arduino microcontroller 

settings to achieve optimum values in following the movement of the sun from the system installation so that 

it is more centered. 

 

 

2. METHOD 

The system design that will be built is environmentally friendly technology in upscaling the 

conversion of electrical energy from solar energy through optimizing the parabolic tracker model system 

which will be integrated with PV and solar T using HTF assisted by Arduino Uno microcontroller 

technology. PV/T power plants can absorb maximum electrical energy using fluid circulation and the use of 

compound parabolic collector (CPC) type solar collectors. Apart from that, the components that will be used 

include PV to form a parabolic system with a polycrystalline panel type. Other supporting components 

consist of a battery, wattmeter, control box panel, linear actuator, DC watt meter and Arduino 

microcontroller. PV/T operating system by activating the Arduino Uno connected to the tracker so that the 

angle 45o, 90o, and 135o can work optimally looking for PV concentrated points in sunlight. Then the 

Arduino Uno microcontroller acts as a center for commanding the sensor connected to the pump to circulate 

water so that the temperature on the surface of the panel becomes stable. Alumunium foil technology is 

useful in reducing excess heat on the PV surface. To support optimal test results, a comparison was made 

based on the flat PV installation system based on Figure 1(a) and the parabolic PV/T tracker installation 

system based on Figure 1(b), the data will later be processed using the double exponential method to support 

the analysis of data accuracy values because it has fluctuating data output. The overall design of the system 

model for PV with a flat position and PV/T parabolic tracking system model is shown in Figure 1. 
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(a) 

 
(b) 

 

Figure 1. System model design for PV and PV/T; (a) flat PV design model and (b) PV/T parabolic tracking 

system model using HTF 

 

 

To support power optimization, the maximum power point tracking (MPPT) algorithm tracking 

efficiency equation is needed to be evaluated based on tracking efficiency, energy loss when searching for 

the maximum power point (MPP), estimated maximum power point (EMPP), and actual MPP tracking time 

of the PV array tMPP. Fast and responsive tMPP determination is important to maximize energy production 

from solar power systems. The shorter the time required to reach MPP, the more efficient MPPT is in 

optimizing overall solar power system performance. The tracking efficiency of the controller is determined 

by (1): 

 

ղ =
𝑃MPP

𝑃MPP(max)
 .100, % (1) 

 

where MPP or peak maximum power point (PMPP) is the output power value of the PV string, which is 

tracked by the controller, and PMPP (max). PMPP refers to the point at which a solar panel or solar panel 

array produces maximum power under certain conditions, such as specific sunlight intensity and panel 

temperature are the maximum available power values. The loss of energy can be expressed in (2): 

 

𝐸MPP = ∫ (𝑃MPP(max) − 𝑃MPP
𝑘𝑡MPP(max)

0
). 𝑑𝑡, 𝐽 (2) 

 

Then in determining PkMPP, namely the value of the current PV panel power in the MPP search 

process. The actual tracking time of the PV array MPP can be represented based on (3): 

 

𝑡MPP =
|𝑃MPP−𝑃MPP

𝑘 |

𝑃MPP
 .100 < 1% (3) 

 

 

3. RESULTS AND DISCUSSION 

Tracking technology is a system that allows solar panels to follow the movement of the Sun from 

east to west throughout the day, thereby maximizing sunlight reception and energy efficiency. The 

measurement and data analysis processes described in connection with the use of this technology usually 

include several key steps and parameters. The results of the reliability system analysis and test evaluation 

were carried out using a feasibility test where this tool can operate in coastal areas where there are no 

shadows in the surrounding environment. High surface temperatures can lower the surface temperature of 

solar panels by adding aluminum foil to the solar panels. The parabolic model around the solar panels 

functions as a centralized concentration so that sunlight automatically focuses on the panel point, then to 

minimize the spread of excess heat or reduce the temperature is coated with aluminum foil as a system that 

can improve the performance of solar panels. Aluminum foil is designed using T conductivity consisting of 

aluminum to increase cooling efficiency on the panel surface area. Then the tracker which is controlled using 

an Arduino Uno is able to find the central point of the photon effect which is an elementary particle so that it 
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is more concentrated on the panel surface. The HTF performance in fluid flow circulation, namely heat 

transfer, aims to validate the T, exergy and overall performance in minimizing excess heat. With the help of 

designed technical experiments, short circuit current Isc, open circuit voltage Voc, output power, and PV 

surface temperature with a tracker system and also a parabolic system. This temperature measurement 

records measurements from 7:00 am to 6:00 pm to observe the effect of temperature on the PV module 

throughout the day. In the experiment of installing a reflector using parabolic without using a circulating 

cooling system, the surface temperature of the PV module continued to increase, increasing from 28.7 °C 

morning afternoon reached 48.7 °C in the afternoon. However, with the help of alumunium foil and water 

circulation for the cooling system, the surface temperature of the PV module is stable 32.6°C in corner 

conditions 90o. The addition of system cooling fluid, the surface temperature of the PV module makes the 

energy conversion more stable with temperature 28-35 °C. Testing of the parabolic PV/T system design will 

also determine the estimated intensity of solar radiation and determine the size of the T collector, T 

insulation, fluid type, and heat pipe filling ratio. Analysis can include monitoring daily performance, 

comparing it to historical data, and identifying patterns and anomalies that may impact system efficiency. 

The results of real data in the field by carrying out experimental testing of the overall system design can be 

shown in Figure 2. 

Results of no-load and load power graphs under the conditions in Figure 2(a). DC output data for 

PV/T performance when under load, the voltage Vmp (V) reaches 17.68 V when the sun is hot or at  

12.00 pm and at no load the Voc (V) reaches 20.8 V, Figure 2(b) graph of the DC current produced when the 

panel is under load, namely Imp (A) reaches 0.89 A, the current Isc (A) reaches 1.12 A, and Figure 2(c) 

accumulated DC power when under load, namely Pmp (W) reaches 15.7 Wp and the accumulated DC power 

output when not under load or in terms of Idle power (W) reaches a maximum of 23.2 Wp. This condition is 

in sync with environmental conditions that are free from shadow effects so that the solar panels can work 

optimally. 

 

 

 
(a) 

 

(b) 

 

 
(c) 

 

Figure 2. Effect of PV/T output in converting energy; (a) DC voltage without load (Voc) and load (Vmp),  

(b) current without load (Isc) and load (Imp), and (c) power without load (Wp) and burdened (Wp) 
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3.1.  Photovoltaic/thermal energy conversion frequency 

The results of measurements carried out in coastal areas produce optimal accuracy in converting 

electrical energy. Data obtained by finding the focal point of the sun on the solar panel is assisted by the 

integration of a pump that flows water through a copper pipe so that the conversion of energy from PV and 

solar T makes the temperature more stable. The PV/T power output that has been obtained is then formulated 

into a frequency value to determine the same as the voltage that determines the electrical potential available 

from the solar panel. Then the solar panel current is able to show how much energy is produced during a 

blackout in the field, especially in coastal areas. DC power or total power consumed by the system during 

measurement is the performance of the test carried out on PV/T. After the measurement is carried out, the 

data collected from the DC power measurement is simulated using software to determine the level of 

measurement accuracy. The simulated measurements are used to determine the mean, Standard Deviation 

(std. Dev) and number of samples (N) against the frequency of Figure 3(a) Vmp, Figure 3(b) Imp, Figure 3(c) 

Voc, Figure 3(d) Isc, Figure 3(e) Pmp, and Figure 3(f) Idle power. The overall simulation of output values in 

this process includes data storage, analysis and visualization to evaluate the frequency performance of the 

PV/T parabolic tracker system. The simulation results are shown in Figure 3. 
 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 

 
(e) 

 
(f) 

 

Figure 3. Integrated PV/T output frequency for load and no-load power; (a) PV/T voltage frequency under 

load (Vmp), (b) PV/T current frequency under load (Imp), (c) voltage frequency PV voltage without load 

(Voc), (d) PV/T current frequency when without load (Isc), (e) PV/T power frequency when under load 

(Pmp), and (f) PV/T power frequency when without load 
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The results of measurements and tests carried out in the field obtained frequency data based on the 

results of energy conversion in the field based on Figure 3(a). The data obtained during cloudy, sunny 

temperature conditions stated that the standard deviation of the PV/T voltage frequency under load (Vmp) 

was 227 and a mean of 15.96, Figure 3(b) for the standard deviation of PV/T current frequency under load 

(Imp) of 227 and a mean of 68.3 Figure 3(c) for a standard deviation of PV voltage frequency without load 

(Voc) of 20.41 and a mean of 46, Figure 3(d) for the standard deviation of the PV/T current frequency when 

without load (Isc) is 268 and the mean is 91, Figure 3(e) for the standard deviation of the PV/T power 

frequency when under load (Pmp) is 4.46 and the mean is 11.31, Figure 3(f) for the standard deviation of 

PV/T power frequency when no load is 5.74 and the mean is 18.56. The data obtained is the result of energy 

conversion using a reflector with a parabolic model by determining the sun's focal point using the tracker 

system on the PV/T. Evaluation and analysis results are further evaluated to ensure that the parabolic PV/T 

tracker system using HTF operates optimally in accordance with the expectations and specifications set. 

  

3.2.  Energy conversion performance of liquid-based photovoltaic-thermal collectors 

The technology in Upuya adopts a liquid-based PV/T system with the help of water circulation 

using a pump controlled by an Arduino Uno which is able to produce an effective temperature for PV/T 

energy conversion performance. The power is accumulated and tested on the coast by determining the no-

load power based on the principle of the amount of power received by the solar panels when conditions are 

not ideal. This condition is of course normal operation or when there is no load connected. Then determine 

the peak maximum power (PMP) which is obtained from measuring the power that can be produced during 

optimal conditions, namely when the solar panels receive the highest intensity of sunlight and the resulting 

voltage and current produce maximum power. In this condition, the parameter that influences PV/T is the 

unstable panel surface temperature. Therefore, by designing a parabolic PV/T tracker system using HTF, it is 

able to reduce excessive temperatures to make it more optimal. The additional use of fluid that has been 

circulated in place of air can enable excess heat to be extracted in the PV/T collector more efficiently as well 

as act as a cooler when the panel surface is too hot. Then the higher T conductivity and better heat transfer 

coefficient of the fluid, also allow the desired PV cell operating temperature to be maintained with less 

temperature fluctuations. Then the basic design of this technology is based on liquid being channeled into a 

pipe as a single channel to allow the fluid to flow under the PV cells. The output results of Pmp and idle 

power in forming a surface plot between no-load power and loaded power based on time are shown in  

Figure 4 and in Figure 4(a) is the Pmp and Idle power performance over time then Figure 4(b) is the grid 

structure on Pmp and Idle power. 

 

  

  
(a) (b) 

 

Figure 4. Surface plot of PV/T energy conversion performance; (a) accuracy and reliability of no-load power 

in Wp and (b) accuracy and reliability of load under Pmp conditions 

 

 

Based on Figure 4 is a surface plot of PV/T energy conversion performance at load and no load. In 

Figure 4(a), the Pmp power feature is the point where the solar panel produces maximum power in conditions 

such as when connected to the load producing peak power reaching 15.73 Wp and at idle power the power 

consumption is not active reaching DC power of 23.29 Wp. In Figure 4(b) is the grid structure on Pmp and 

Idle power to visualize the data as a whole with the aim of mapping and identifying the optimal point in 

energy conversion. At peak power conditions, namely the maximum power produced by the solar panel at 
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optimal conditions where the voltage and current of the solar panel produce maximum power at the MPP. 

The testing time was carried out from 07.00 am to sunset at 6.00 pm and when the panel conditions were free 

from the influence of shadows, especially in coastal areas. 

 

3.3.  Energy conversion optimization on photovoltaic parabolic tracker with flat position 

Testing the results of PV/T measurements in optimization is able to produce greater power in the use 

of a parabolic tracker system with PV/T placement in a flat position. This is because the angles of 45o, 90o, 

and 135o to follow the direction of the sun are always centered on the surface of the PV/T. Then, the control 

and addition of HTF as an assistant to control the surface temperature of the panel and also as a stabilizer of 

energy efficiency and combined with aluminum foil technology as a heat damper for the surface temperature 

of the panel makes the system able to operate in optimizing energy conversion well with temperature 

measurement results ranging from 28-35 °C. Compared to the flat placement of PV/T, the resulting energy 

conversion is less than optimal due to the angles of 45o and 135o when the position is not directly 

proportional to the PV surface during the energy conversion process. The results of the PV/T energy 

conversion test using the same PV specifications by comparing the results of energy conversion power in the 

data collection system using parabolic tracker technology with a flat PV position installation are shown in 

Figure 5. 

 

 

 
 

Figure 5. Test results of the parabolic tracker system on PV/T with a flat PV installation position 

 

 

Based on Figure 5, the results of data collection analysis were carried out during peak load, namely 

at 10:00 am to 3:00 pm. Testing to determine optimization using a parabolic tracker system on PV/T (gray 

line) with a flat PV installation position (black line). Energy conversion using angles of 45o and 135o on the 

PV/T parabolic tracker system is able to produce more optimal energy conversion compared to a flat 

position. Then at an angle of 90o the measurement results also have an impact on the results of the energy 

conversion test where the PV/T parabolic tracker dominates. Testing was carried out at the same load 

conditions and also using the same PV. The performance of the parabolic system resulted in an increase in 

average DC power of 84.57 Wp and the PV installation position with a flat position produced an average DC 

power of 71.68 Wp. The consistency of PV/T when optimizing energy conversion obtained superior power 

throughout the day, especially when the sun's intensity was at the zenith position panel or at peak load. The 

results of increasing DC power during peak load using the PV/T parabolic tracker system obtained a power 

optimization of 17.98%. Based on the measurement of the test results that have been carried out, the results 

of this study are in sync with the support of previous research where the results of the parabolic tracker 

system test were able to improve the performance of energy conversion caused by the focal point of the sun 

being centered on the panel and also supported by stabilization of the panel surface temperature so that it can 

improve the performance and efficiency of PV which is useful in optimizing the output power of the  

panel [32]–[34]. 

The application of this technology will later have an impact on the installation of PV on the roof of 

the building and also reduce the electricity bill of the house to be cheaper. Then to support the results of the 

experimental test, a double exponential method is carried out which is useful for analyzing data as to 

determine the value of data accuracy in the form of data trend values and data fluctuations in the parabolic 
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tracker system measurement test on the panel installation and also the panel installation when the condition is 

flat. Furthermore, in the scenario of the data test extraction results to refine the data and produce more 

accurate estimated values, a method is used to introduce trend patterns in energy conversion data on the 

parabolic tracker system installation and the flat installation system. The method that will be used is the 

double exponential method shown in Figure 6, then modeling is carried out in the form of a graph shown in 

Figure 6(a) smoothing plot for parabolic tracker energy (W), and Figure 6(b) smoothing plot for flat position 

energy conversion (W). 
 
 

  
(a) (b) 

 

Figure 6. Measurement accuracy values using the double exponential method; (a) smoothing plot for 

parabolic tracker energy conversion (W) and (b) smoothing plot for flat position energy conversion (W) 

 

 

The results of the output in Figure 6. The measurement accuracy value using the double exponential 

method presents the value of graphic elements, variables, actual, fits, smoothing constants values and 

accuracy measures values. Then Figure 6(a) smoothing plot for parabolic tracker energy (W) with the plot 

results used to predict the output value when the power data fluctuates with a mean absolute percentage error 

(MAPE) accuracy value below 10%, which means that the feasibility test on the data accuracy performance 

model tested is very good. Then the test Figure 6(b) smoothing plot for flat position energy conversion (W) 

which shows the installation test in a flat position for units (W) based on the time index. The results of the 

accuracy test obtained on the installation in a flat position obtained MAPE of 6.39%, which means that the 

value of predicting energy conversion is quite accurate in the test. 

 

 

4. CONCLUSION 

PV/T parabolic tracker system model technology uses HTF effectively to ensure optimal operation 

and efficient performance monitoring when generating electrical energy from solar energy. The research 

results show that the development of solar panels with a cooling system has a more stable surface 

temperature compared to solar modules without a cooling system. A cooling system installed on the back of 

the solar panels absorbs excess heat and transfers it through copper pipes. Water circulation and the addition 

of an alumunium foil help eliminate excess heat on the surface of the solar panels. The higher the Voc 

voltage produced by a solar panel, this is evidence of the technical characteristics of the solar panel. In the 

experiment of installing a reflector using a parabolic without using a circulating cooling system, the surface 

temperature of the PV module continued to increase, increasing from 28.7 °C in the morning to 48.7 °C in 

the afternoon. However, with the help of alumunium foil and water circulation for the cooling system, the 

surface temperature of the PV module is stable at 32.6 °C at a 90o angle. By adding system cooling fluid, the 

surface temperature of the PV module makes energy conversion more stable with a temperature of 28-35 °C. 

Testing of the parabolic PV/T system design will also determine the estimated intensity of solar radiation. 

Power graph display results that have been simulated using no-load and load techniques. DC output data on 

PV/T performance when under load, the voltage Vmp (V) reaches 17.68 V in the hot sun or at 12.00 pm and 

without load, the Voc (V) reaches 20.8 V. At the output, the DC current produced when the panel is under 

load is Imp (A) reaches 0.89 A and the current Isc (A) reaches 1.12 A. Then the accumulated DC power 

when under load, namely Pmp (W), reaches 15.7 Wp and the accumulated DC power output when not under 

load or in terms of Idle power (W) reaches a maximum of 23.2 Wp. This research development will be 

implemented on floating PV in coastal areas of North Sumatra. The recommended technology to be 

optimized is the development of a dust and dirt cleaning system using IoT and artificial intelligence (AI) on 

the panel surface so that it is useful for increasing the amount of PV energy produced. 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 14, No. 3, June 2025: 1656-1666 

1664 

FUNDING INFORMATION  

The author would like to thanks DRTPM Kemendikbudristek for sponsorship and financial support 

with grant number 103/E5/PG.02.00.PL/2024, 020/LL1/AL.04.03/2024. We also would like to thanks 

Universitas Medan Area for supporting this research. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT  

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration.  

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Habib Satria ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓ ✓  ✓ ✓ 

Dina Maizana  ✓  ✓     ✓      

Indri Dayana ✓   ✓   ✓   ✓   ✓  

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT  

Authors state no conflict of interest. 

 

 

INFORMED CONSENT  

We have obtained informed consent from all individuals included in this study. 

 

 

DATA AVAILABILITY 

Data availability is not applicable to this paper as no new data were created or analyzed in this 

study. 

 

 

REFERENCES 
[1] Syafii, A. El Gazaly, and A. Abadi, “Load Flow Analysis of PV System Integration in Universitas Andalas Distribution System,” 

in 2019 3rd International Conference on Electrical, Telecommunication and Computer Engineering, ELTICOM 2019 - 

Proceedings, 2019, doi: 10.1109/ELTICOM47379.2019.8943836. 
[2] H. Satria, R. Rosnelly, and W. Wanayumini, “Classification of Random Forest Method on Photovoltaic Temperature and IoT 

Monitoring for Energy Conversion,” in International Conference on Green Energy, Computing and Intelligent Technology 2024 
(GEn-CITy 2024), 2024, pp. 1–6, doi: 10.1049/icp.2025.0282. 

[3] A. R. Amelia, Y. M. Irwan, W. Z. Leow, M. Irwanto, I. Safwati, and M. Zhafarina, “Investigation of the effect temperature on 

photovoltaic (PV) panel output performance,” International Journal on Advanced Science, Engineering and Information 
Technology, vol. 6, no. 5, 2016, doi: 10.18517/ijaseit.6.5.938. 

[4] F. Gutiérrez-Martín, J. A. Díaz-López, A. Caravaca, and A. J. Dos Santos-García, “Modeling and simulation of integrated solar 

PV - hydrogen systems,” International Journal of Hydrogen Energy, vol. 52, 2024, doi: 10.1016/j.ijhydene.2023.05.179. 
[5] T. M. I. Riayatsyah, T. A. Geumpana, I. M. R. Fattah, S. Rizal, and T. M. I. Mahlia, “Techno-Economic Analysis and 

Optimisation of Campus Grid-Connected Hybrid Renewable Energy System Using HOMER Grid,” Sustainability, vol. 14, no. 13, 

2022, doi: 10.3390/su14137735. 
[6] A. B. Pulungan, L. Son, S. Syafii, S. Huda, and U. Ubaidillah, “Design and Implementation Data Logger with Integrated Circuit 

Multiplexer for Solar Panel Park,” TEM Journal, vol. 11, no. 1, 2022, doi: 10.18421/TEM111-54. 

[7] A. Hussien, A. Eltayesh, and H. M. El-Batsh, “Experimental and numerical investigation for PV cooling by forced convection,” 
Alexandria Engineering Journal, vol. 64, 2023, doi: 10.1016/j.aej.2022.09.006. 

[8] E. Vartiainen, G. Masson, C. Breyer, D. Moser, and E. R. Medina, “Impact of weighted average cost of capital, capital 

expenditure, and other parameters on future utility-scale PV levelised cost of electricity,” Progress in Photovoltaics: Research 
and Applications, vol. 28, no. 6, 2020, doi: 10.1002/pip.3189. 

[9] M. Herrando et al., “A review of solar hybrid photovoltaic-thermal (PV-T) collectors and systems,” Progress in Energy and 

Combustion Science, vol. 97. p. 101072, 2023, doi: 10.1016/j.pecs.2023.101072. 
[10] H. Satria, R. B. Y. Syah, D. Ramdan, M. K. Zuhanda, J. Windarta, and A. Y. Abdelaziz, “Potential microgrid model based on 

hybrid photovoltaic / wind turbine / generator in the coastal area of North Sumatra,” The Indonesian Journal of Electrical 

Engineering and Computer Science (IJEECS), vol. 34, no. 2, pp. 768–776, 2024, doi: 10.11591/ijeecs.v34.i2.pp768-776. 
[11] K. Terashima, H. Sato, and T. Ikaga, “PV/T solar panel for supplying residential demands of heating/cooling and hot water with a 

lower environmental thermal load,” Energy and Buildings, vol. 297, 2023, doi: 10.1016/j.enbuild.2023.113408. 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Optimization of parabolic photovoltaic and solar thermal tracker model systems using heat … (Habib Satria) 

1665 

[12] M. R. Gomaa, M. Ahmed, and H. Rezk, “Temperature distribution modeling of PV and cooling water PV/T collectors through 
thin and thick cooling cross-fined channel box,” Energy Reports, vol. 8, 2022, doi: 10.1016/j.egyr.2021.11.061. 

[13] A. El Hammoumi, S. Chtita, S. Motahhir, and A. El Ghzizal, “Solar PV energy: From material to use, and the most commonly 

used techniques to maximize the power output of PV systems: A focus on solar trackers and floating solar panels,” Energy 
Reports, vol. 8. 2022, doi: 10.1016/j.egyr.2022.09.054. 

[14] W. N. A. W. Roshdan, H. Jarimi, A. H. A. Al-Waeli, O. Ramadan, and K. Sopian, “Performance enhancement of double pass 

photovoltaic/thermal solar collector using asymmetric compound parabolic concentrator (PV/T-ACPC) for façade application in 
different climates,” Case Studies in Thermal Engineering, vol. 34, 2022, doi: 10.1016/j.csite.2022.101998. 

[15] A. H. A. Al-Waeli, K. Sopian, H. A. Kazem, and M. T. Chaichan, “Photovoltaic/Thermal (PV/T) systems: Status and future 

prospects,” Renewable and Sustainable Energy Reviews, vol. 77. 2017, doi: 10.1016/j.rser.2017.03.126. 
[16] N. A. Dunne, P. Liu, A. F. A. Elbarghthi, Y. Yang, V. Dvorak, and C. Wen, “Performance evaluation of a solar photovoltaic-

thermal (PV/T) air collector system,” Energy Conversion and Management: X,  vol. 20, 2023, doi: 10.1016/j.ecmx.2023.100466. 

[17] A. M. A. Alshibil, I. Farkas, and P. Víg, “Multi-aspect approach of electrical and thermal performance evaluation for hybrid 
photovoltaic/thermal solar collector using TRNSYS tool,” International Journal of Thermofluids, vol. 16, 2022, doi: 

10.1016/j.ijft.2022.100222. 

[18] G. Yıldız, A. E. Gürel, İ. Ceylan, A. Ergün, M. O. Karaağaç, and Ü. Ağbulut, “Thermodynamic analyses of a novel hybrid 
photovoltaic-thermal (PV/T) module assisted vapor compression refrigeration system,” Journal of Building Engineering, vol. 64, 

2023, doi: 10.1016/j.jobe.2022.105621. 

[19] K. Bilen and İ. Erdoğan, “Effects of cooling on performance of photovoltaic/thermal (PV/T) solar panels: A comprehensive 
review,” Solar Energy, vol. 262. 2023, doi: 10.1016/j.solener.2023.111829. 

[20] D. González-Peña, I. Alonso-deMiguel, M. Díez-Mediavilla, and C. Alonso-Tristán, “Experimental analysis of a novel PV/T 

panel with PCM and heat pipes,” Sustainability, vol. 12, no. 5, 2020, doi: 10.3390/su12051710. 
[21] H. Chouikhi and B. M. A. Amer, “Performance Evaluation of an Indirect-Mode Forced Convection Solar Dryer Equipped with a 

PV/T Air Collector for Drying Tomato Slices,” Sustainability, vol. 15, no. 6, 2023, doi: 10.3390/su15065070. 

[22] E. F. Abbas et al., “High performance evaluation of a PV/T hybrid system connected with a thermal store unit holding parafn 
wax,” International Journal of Low-Carbon Technologies, vol. 17, pp. 1158-1165, 2022, doi: 10.1093/ijlct/ctac087. 

[23] M. Gül and E. Akyüz, “Hydrogen generation from a small-scale solar photovoltaic thermal (PV/T) electrolyzer system: numerical 

model and experimental verification,” Energies, vol. 13, no. 11, 2020, doi: 10.3390/en13112997. 
[24] M. T. Erdinc, C. Kutlu, S. Unal, O. Aydin, Y. Su, and S. Riffat, “Performance improvement potential of a PV/T integrated dual-

source heat pump unit with a pressure booster ejector,” Thermal Science and Engineering Progress, vol. 37, 2023, doi: 

10.1016/j.tsep.2022.101534. 
[25] H. Wang, J. Zhang, N. Hu, and Z. Cheng, “Comprehensive performance of pv/t-gchps under heating conditions,” Energy 

Conversion and Management: X, vol. 20, 2023, doi: 10.1016/j.ecmx.2023.100406. 

[26] H. Liang, F. Wang, L. Yang, Z. Cheng, Y. Shuai, and H. Tan, “Progress in full spectrum solar energy utilization by spectral beam 
splitting hybrid PV/T system,” Renewable and Sustainable Energy Reviews, vol. 141. 2021, doi: 10.1016/j.rser.2021.110785. 

[27] Y. Krishna, M. Faizal, R. Saidur, K. C. Ng, and N. Aslfattahi, “State-of-the-art heat transfer fluids for parabolic trough collector,” 

International Journal of Heat and Mass Transfer, vol. 152. 2020, doi: 10.1016/j.ijheatmasstransfer.2020.119541. 
[28] A. Z. Hafez et al., “Design analysis of solar parabolic trough thermal collectors,” Renewable and Sustainable Energy Reviews, 

vol. 82, pp. 1215-1260, 2018, doi: 10.1016/j.rser.2017.09.010. 

[29] E. Bellos and C. Tzivanidis, “Analytical expression of parabolic trough solar collector performance,” Designs, vol. 2, no. 1, 2018, 
doi: 10.3390/designs2010009. 

[30] M. M. Aboelmaaref et al., “Hybrid solar desalination systems driven by parabolic trough and parabolic dish CSP technologies: 

Technology categorization, thermodynamic performance and economical assessment,” Energy Conversion and Management, vol. 
220, p. 113103, 2020, doi: 10.1016/j.enconman.2020.113103. 

[31] L. S. Conrado, A. Rodriguez-Pulido, and G. Calderón, “Thermal performance of parabolic trough solar collectors,” Renewable 

and Sustainable Energy Reviews, vol. 67. 2017,doi: 10.1016/j.rser.2016.09.071. 
[32] H. Satria, S. Nisworo, J. Windarta, and R. B. Y. Syah, “Performance of single axis tracker technology and automatic battery 

monitoring in solar hybrid systems,” Bulletin of Electrical Engineering and Informatics, vol. 12, no. 6, pp. 3247–3255, 2023, doi: 
10.11591/eei.v12i6.5506. 

[33] M. I. Yusoff et al., “The Development of Hybrid Cooling Photovoltaic Panel by using Active and Passive Cooling System,” CFD 

Letters, vol. 16, no. 5, pp. 107-120, 2024, doi: 10.37934/cfdl.16.5.107120. 
[34] R. M. Reffat and R. Ezzat, “Impacts of design configurations and movements of PV attached to building facades on increasing 

generated renewable energy,” Solar Energy, vol. 252, 2023, doi: 10.1016/j.solener.2023.01.040. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Habib Satria     received B.Sc. degree in Electrical Engineering Education from 

Padang State University in 2016, and M.T. degree in Electrical Engineering from Universitas 

Andalas, Indonesia, in 2018 and Engineer Professional (Ir). degree from Universitas 

Diponegoro, Indonesia, in 2022 and received an M.Kom. degree in Computer Science from 

Universitas Potensi Utama, Indonesia, with a concentration in artificial intelligence and pattern 

recognition in 2025. He has also received recognition from ASEAN Engineering in 2024. He 

is currently a lecture in Department of Electrical Engineering, Universitas Medan Area, 

Indonesia. His research interests are new and renewable energy, concerning about solar power 

plant, automatic control system, IoT, real-time simulation, green computing, pattern 

recognition, and power system. He is a member of the IAENG (International Association of 

Engineers). He can be contacted at email: habib.satria@staff.uma.ac.id. 

https://orcid.org/0000-0003-4299-9337
https://scholar.google.com/citations?user=1eORe4MAAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57779144300
https://publons.com/researcher/4171830/habib-satria/


                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 14, No. 3, June 2025: 1656-1666 

1666 

 

Dina Maizana     received B.Sc., from University of North Sumatera, Indonesia in 

1991, M.T. in Electrical Conversion from Institute of Bandung Technology, Indonesia in 1995 

and Ph.D. in Electrical System Engineering from University of Malaysia Perlis, Malaysia in 

2011. Her research interest includes electrical energy conversion, machine design, renewable 

energy, and smart grid technology. She is an Associate Professor and has written more than 

100 technical papers in national journals, international conferences, and reputable international 

journals. She can be contacted at email: maizanadina@gmail.com. 

  

 

Indri Dayana     received B.Sc. degree in Physic from Medan State University in 

2004, and M.Si. degree in Physic from University Sumatera Utara, Indonesia, in 2015 and Dr. 

degree from Universitas Sumatera Utara in 2021. She is an Associate Professor and currently a 

lecture in Department of Electrical Engineering, Universitas Medan Area, Indonesia. Her 

research interests are physic, material, energy, and electro. She can be contacted at email: 

dayanaindri@gmail.com. 

     

mailto:maizanadina@gmail.com
mailto:dayanaindri@gmail.com
https://orcid.org/0000-0001-8122-2139
https://scholar.google.com/citations?user=BCkjkx4AAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=25928013000
https://publons.com/wos-op/researcher/5062820/dina-maizana/
https://orcid.org/0009-0004-7479-8884
https://scholar.google.co.id/citations?user=GaDVBJIAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57210572859
https://www.webofscience.com/wos/author/record/47672790

