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Abstract - The increasing demand for cleaner energy 

solutions has led to the exploration of renewable energy 

sources, particularly solar photovoltaic (PV) technology. 

This research focuses on the thermal management of solar 

PV systems in Tembalang Village, Central Java, 

Indonesia, where the efficiency of PV panels is significantly 

affected by temperature fluctuations caused by 

environmental factors such as pollution, wind speed, 

humidity, solar radiation, and ambient temperature. The 

study highlights the importance of effective thermal 

management systems to enhance the energy efficiency of 

PV panels, which typically operate at an average efficiency 

of around 20%. As temperatures rise, the efficiency of 

these panels can drop by 10% to 25%, necessitating the 

implementation of cooling technologies. 
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I. INTRODUCTION 

Cleaner energy solutions utilizing renewable energy 

sources like wind and solar have been created in recent 

decades in response to the drawbacks of fossil fuel sources, 

including their fluctuating costs and environmental pollution 

[1-4].One of the most intriguing technologies for producing 

renewable energy is the solar photovoltaic (PV) cell [5].The 

capacity to generate power at various scales, ease of use and 

installation, comparatively cheap maintenance costs, and the 

availability of solar radiation in various locations are the key 

factors contributing to PV cells' appeal. Because of these 

benefits, solar cell systems are used for a variety of 

applications, such as electrifying buildings in remote locations 

and powering various devices like electrolyzers and 

desalination facilities [6-9]. 

PV panels, which are extensively used to generate 

electricity, have surface temperatures that are influenced by a 

number of external factors, including pollution, wind speed, 

humidity, solar radiation, and ambient temperature. These 

factors have a detrimental effect on the PV panel's energy 

efficiency. PV panels can have their temperature controlled 

using a variety of cooling methods. The two primary types of 

cooling technologies—passive and active cooling systems—

differ in how they regulate the cells' working temperatures 

[10-11]. 

The average silicon photovoltaic cell has an efficiency of 

about 20%, meaning that solar panels are not entirely effective 

at turning sunlight into electrical energy [12-13]. The 

remaining energy is converted to heat, which significantly 

lowers the panel's efficiency and power production [14]. The 

majority of solar panels undergo testing at 25 °C under 

Standard Test Conditions. The output efficiency drops by 

roughly 10% to 25% as the temperature rises [15-17]. 

Hosouli et al., [18] on their research presents a significant 

advancement in the design of Solar Photovoltaic Thermal 

(PVT) collectors, specifically targeting the issue of cell 

cracking caused by thermal expansion. The study found that a 

2 mm H-pattern cavity design significantly reduces directional 

expansion, thereby minimizing breakage risks. Sohani et al., 

[19] explores the performance and advantages of bifacial 

photovoltaic (bPV) panels compared to traditional monofacial 

photovoltaic (mPV) panels, focusing on their thermal, optical, 

and electrical characteristics. The bPV panels can harness 

sunlight from both sides, resulting in a 13.90% increase in 

annual energy production compared to mPV panels. Barbosa 

et al., [20] investigates innovative cooling methodologies for 

photovoltaic (PV) systems which focused on a novel 

aluminum serpentine heat exchanger that allows direct contact 

between the cooling liquid and the surface of a PV-thermal 

panel, which is essential for maintaining optimal operating 

temperatures and enhancing system performance and 

highlighted that a wider PDMS serpentine significantly 

improved cooling performance over a narrower one, achieving 

an average increase in efficiency of 92% due to enhanced heat 

transfer surface area. 

This research will focus on the heat transfer of 

photovoltaic solar panels in the Tembalang area in Central 

Java. This research will also use ANSYS software to carry out 
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simulations and collect data experimentally every week from 

November 2023 to November 2024. 

II. METHODOLOGY 

Figure 1 shows a frequently used photovoltaic schematic 

and Table 1 details each function of the photovoltaic 

parts.When combined with PCMs, these systems' overall 

efficiency—which is the sum of their thermal and electrical 

performance—is higher than that of PV and thermal collectors 

used independently. The PCMs initially absorb the wasted 

heat from the PV panel as latent heat, which lowers the PV's 

surface temperature and increases electrical efficiency. 

 

Figure 1: PV Schematic [21] 

Table 1: PV Schematic Function 

Component Function 

PV Panel 
Converts sunlight into electrical 

energy 

Aluminum 

Casing 

Protects the PV panel and provides 

structural support 

Copper Tube 
Conducts water through the system 

and transfers heat 

PCM 

(Paraffin 

Wax) 

Absorbs and stores heat from the PV 

panel, releasing it when needed 

Water In 
Inlet for cold water entering the 

system 

Water Out 
Outlet for heated water exiting the 

system 

Constituent materials such as tempered glass, EVA, PV, 

and PVF have main properties as shown in Table 2 [22]. 

These constituent materials are equipped with properties such 

as density, thermal conductivity, and specific heat. 

 

Table2: Properties of EVA, PV, and PVF constituents 

Material 

Thermal 

Conductivity 

(K) (W/m.K) 

Density 

(ρ) 

(kg/m³) 

Specific 

Heat 

Capacity 

(Cp) 

(J/kg.K) 

Tempered 

Glass 
1.8 3000 500 

EVA 0.35 960 2090 

PV 148 2330 677 

PVF 0.2 1200 1250 

The main problem with solar panels in this simulation 

knows how the heat flux is distributed on the solar panel. In 

this simulation, we use data on the distribution of heat 

temperatures in Tembalang. In the data we have, it is found 

that every month and every week certainly has a different heat 

flux distribution. Table 3 shows calculations for determining 

heat flux in the Tembalang area. 

Table 3: n value for determined the heat flux [23] 

Month n for ith Day of Month 

January i 

February 31+i 

March 59+i 

April 90+i 

May 120+i 

June 151+i 

July 181+i 

August 212+i 

September 243+i 

October 273+i 

November 304+i 

December 334+i 

Table 4 also shows the climate factors that occur in the 

Tembalang. This factor is used to calculate further heat flux. 

Table 4: Correction Factors for Climate Types [23] 

Climate Type r₀ r₁ r2 

Tropical 0.95 0.98 1.02 

Midlatitude summer 0.97 0.99 1.02 

Subarctic summer 0.99 0.99 1.01 

Midlatitude winter 1.03 1.01 1.00 
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There are several parameters that must be met by PV in 

this simulation, including declanation (𝛿), horizontal collector 

(cos𝜃𝑧), atmospheric transmission (𝜏𝑏 ), and radiation (𝐺𝑜𝑛 ) 

[23]. The declanation can be representing below: 

 

𝛿 = 23.45 sin  360
284 + 𝑛

365
  (1) 

For a horizontal collector, the angle is the sun's zenith angle 

which will be given as in the following equation: 

cos 𝜃𝑧 = cosφ cos𝛿 cos𝜔 + sin ∅ sin 𝛿 (2) 

 

Where: 

𝜔 = hour angle, where the angular displacement of the 

sun towards the east or west of the local meridian due to the 

rotation of the earth on its axis is 15 per hour; morning 

negative, afternoon positive. 

φ = latitude, where is the north or south corner of the 

equator, north is positive. 

The atmospheric transmission for radiation emission 

equation is as follows: 

𝜏𝑏 = 𝑎0 + 𝑎1𝑒𝑥𝑝  
−𝑘

cos𝜃𝑧

  (3) 

 

Where: 

𝑎0 = 0.4237 − 0.00821 6 − 𝐴 2 

𝑎1 = 0.5055 − 0.00595 6,5 − 𝐴 2 

𝑘 = 0.2711 − 0.01858  2,5 − 𝐴 2 

 

 𝐺𝑜𝑛  is the incidence of extraterrestrial radiation in a plane 

normal to the radiation on the n-th day. The equation is as 

follows: 

𝐺𝑜𝑛 =  𝐺𝑠𝑐  1 + 0.033 cos
360𝑛

365
  (4) 

Where: 

𝐺𝑠𝑐 =  1.000110 + 0.034221 cos𝐵 + 0.001280 sin𝐵

+ 0.000719 cos 2𝐵 + 0.000077 sin 2𝐵  

 

 

Figure 2: Map of Tembalang Region 

Table 5 will show temperature data obtained from 

November 2023 to November 2024 in the Tembalang area. 

Table 5: Collected Data Temperature 

Month Week Temperature (℃) 

November 2023 

1 32.7 

2 32.71 

3 32.51 

4 32.49 

December 2023 

1 32.98 

2 32.87 

3 33.03 

4 32.89 

January 2024 

1 32.99 

2 32.87 

3 32.57 

4 32.74 

February 2024 

1 32.96 

2 32.98 

3 33.08 

4 33.31 

March 2024 

1 33.33 

2 33.41 

3 33.43 

4 32.94 

April 2024 

1 33.12 

2 34.09 

3 33.82 

4 33.79 

May 2024 

1 33.91 

2 34.08 

3 34.22 

4 34.21 

June 2024 

1 34.34 

2 34.73 

3 34.53 

4 34.12 
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July 2024 

1 34.82 

2 34.66 

3 34.56 

4 34.78 

August 2024 

1 34.52 

2 34.39 

3 34.83 

4 34.91 

September 

2024 

1 34.85 

2 34.77 

3 35.01 

4 35.16 

October 2024 

1 35.04 

2 34.96 

3 34.42 

4 34.03 

November 2024 

1 33.69 

2 33.57 

3 33.89 

4 34.35 

To solve this case, ANSYS Steady State Thermal will be 

used. The meshing obtained in the PV geometry is 280,625 

elements with a skewness of 0.99 (Figure 3). 

 

Figure 3: PV Geometry Meshing Setup 

After Meshing and Setup have been carried out (inputting 

temperature according to the data obtained, calculating heat 

flux, etc.), the next step is to run a simulation to see the results 

of the PV. 

III. RESULTS AND DISCUSSIONS 

Table 6 shows the results obtained based on numerical 

simulations using ANSYS Steady State Thermal. This result 

consists of total temperature (the overall temperature of the 

PV), PV temperature (the temperature of the PV collector), 

and heat flux from the PV. 

Table 6: Results from the Simulation 

Month Week 
Total 

(℃) 
PV (℃) 

Heat Flux 

(W/𝐦𝟐) 

Nov-

23 

1 644.46 538.62 2.0815× 106 

2 659.76 551.27 2.1335× 106 

3 674.85 563.72 2.1856× 106 

4 690.12 576.34 2.2376× 106 

Dec-

23 

1 705.9 589.47 2.2897× 106 

2 721.08 602 2.3417× 106 

3 736.52 614.8 2.3938× 106 

4 751.3 626.93 2.4459× 106 

Jan-24 

1 759.42 633.73 2.4719× 106 

2 766.94 639.93 2.4979× 106 

3 728.42 608.02 2.3678× 106 

4 743.88 620.84 2.4198× 106 

Feb-24 

1 767.03 640.02 2.4979× 106 

2 772.4 644.46 2.5161× 106 

3 782.44 652.78 2.55× 106 

4 797.95 665.65 2.6021× 106 

Mar-

24 

1 803.32 670.09 2.6203× 106 

2 809.29 675.04 2.6403× 106 

3 811.45 676.83 2.6476× 106 

4 805 671.41 2.6273× 106 

Apr-24 

1 813.05 678.1 2.6541× 106 

2 821.66 685.39 2.6802× 106 

3 805.72 672.16 2.6268× 106 

4 803.02 669.92 2.6177× 106 

May-

24 

1 806.5 672.82 2.6291× 106 

2 807.89 674 2.6333× 106 

3 808.42 674.46 2.6346× 106 

4 808.25 674.32 2.6341× 106 

Jun-24 

1 808.77 674.77 2.6354× 106 

2 809.69 675.6 2.6372× 106 

3 809.11 675.08 2.6359× 106 

4 808.09 674.17 2.6338× 106 

Jul-24 

 

1 809.93 675.82 2.6377× 106 

2 809.39 675.34 2.6364× 106 

3 809.21 675.18 2.6362× 106 

4 809.82 675.71 2.6375× 106 

Aug-

24 

1 809.14 675.11 2.636× 106 

2 808.89 674.88 2.6356× 106 

3 809.97 675.85 2.6378× 106 

4 810.1 675.97 2.638× 106 

Sep-24 

1 810.1 675.88 2.6379× 106 

2 809.76 675.67 2.6373× 106 

3 810.4 676.23 2.6387× 106 

4 810.73 676.53 2.6393× 106 

Oct-24 

1 810.49 676.31 2.6389× 106 

2 810.22 676.08 2.6382× 106 

3 808.95 674.94 2.6357× 106 

4 807.8 673.92 2.6331× 106 

Nov-

24 

1 805.56 672.01 2.6267× 106 

2 805.29 671.76 2.6262× 106 

3 806.45 672.78 2.629× 106 

4 808.81 674.8 2.6355× 106 
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Based on Table 6, it can be seen that the temperature and 

heat flux values will increase as the month period increases, 

accompanied by the declanation and radiation parameters. 

Figure 4-6 will provide a further description of the distribution 

of temperature and heat flux based on each period. 

 

Figure 4: Total Temperature 

 

Figure 5: PV Temperature 

 

Figure 6: Heat Flux 

Figure 7 shows the total temperature based on simulation 

results. In the provided ANSYS Steady State Thermal 

simulation, the temperature distribution appears to be 

concentrated in the center of the PV panel due to a localized 

heat source or sink. This could be caused by a manufacturing 

defect, such as a crack or a hotspot in the cell, can lead to 

increased heat generation. 

 

Figure 7: Total Temperature Result from Simulation 

Figure 8 shows that the highest PV temperature is likely 

concentrated in the center due to a combination of factors of 

PV generate heat as they absorb sunlight and convert it into 

electricity. This heat is primarily generated in the photovoltaic 

cells themselves. 

 

Figure 8: PV Temperature Result from Simulation 

IV. CONCLUSION 

The temperature of the solar cell will affect its conversion 

efficiency. The higher the temperature, the efficiency will 

generally decrease. Heat Flux is the rate of heat transfer per 

unit area. In the PV context, heat flux generally refers to the 

heat lost from the solar cell to the surrounding environment. 

Some of the solar energy that should be converted into 

electricity is instead converted into heat. This means more 

heat energy has to be dissipated by the solar cells.  The 

temperature difference between the solar cell and the 
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surrounding environment will be greater. This will increase 

the driving force for heat transfer, so the heat flux will also 

increase. Heat flux can occur through conduction, convection 

and radiation. Increasing temperature will increase the 

contribution of these three mechanisms. An increase in heat 

flux means the solar cell loses more heat. This indicates the 

need for a better cooling system to keep solar cell 

temperatures low and increase efficiency. Increasing the 

temperature value in the ANSYS Steady State Thermal 

simulation will cause an increase in the heat flux value in the 

solar cell. This is a natural physical phenomenon and can be 

explained by the basic principles of heat transfer. By 

understanding this relationship, we can perform better PV 

system design and optimization. 

REFERENCES 

[1] Amin, Toghi Eshghi, Ghasempour Roghayeh, Razi 

Fatemeh, and PourfayazFatollah. ―Evaluation of 

Nanoparticle Shape Effect on a Nanofluid Based Flat-

Plate Solar Collector Efficiency.‖ Energy Exploration 

& Exploitation 33, no. 5 (October 1, 2015): 659–76. 

https://doi.org/10.1260/0144-5987.33.5.659. 

[2] Wang, Yong, Mojtaba Lak Kamari, S. Haghighat, and 

Phuong Thao Thi Ngo. ―Electrical and Thermal 

Analyses of Solar PV Module by Considering Realistic 

Working Conditions.‖ Journal of Thermal Analysis and 

Calorimetry 144, no. 5 (May 16, 2020): 1925–34. 

https://doi.org/10.1007/s10973-020-09752-2. 

[3] Daghigh, Roonak, RoonakShahidian, and Hooman 

Oramipoor. ―A Multistate Investigation of a Solar 

Dryer Coupled With Photovoltaic Thermal Collector 

and Evacuated Tube Collector.‖ Solar Energy 199 

(February 25, 2020): 694–703. 

https://doi.org/10.1016/j.solener.2020.02.069. 

[4] Sharifpur, Mohsen, Mohammad Hossein Ahmadi, 

JaroonRungamornrat, and Fatimah Malek Mohsen. 

―Thermal Management of Solar Photovoltaic Cell by 

Using Single Walled Carbon Nanotube 

(SWCNT)/Water: Numerical Simulation and 

Sensitivity Analysis.‖ Sustainability 14, no. 18 

(September 14, 2022): 11523. 

https://doi.org/10.3390/su141811523. 

[5] Lal, Deepak Kumar, Bibhuti Bhusan Dash, and A K 

Akella. ―Optimization of PV/Wind/Micro-

Hydro/Diesel Hybrid Power System in HOMER for the 

Study Area.‖ International Journal on Electrical 

Engineering and Informatics 3, no. 3 (September 30, 

2011): 307–25. 

https://doi.org/10.15676/ijeei.2011.3.3.4. 

[6] Cai, Wei, Xing Li, Akbar Maleki, Fathollah Pourfayaz, 

Marc A. Rosen, Mohammad Alhuyi Nazari, and Dieu 

Tien Bui. ―Optimal Sizing and Location Based on 

Economic Parameters for an Off-grid Application of a 

Hybrid System With Photovoltaic, Battery and Diesel 

Technology.‖ Energy 201 (April 1, 2020): 117480. 

https://doi.org/10.1016/j.energy.2020.117480. 

[7] Zhang, Weiping, Akbar Maleki, and Marc A. Rosen. 

―A Heuristic-based Approach for Optimizing a Small 

Independent Solar and Wind Hybrid Power Scheme 

Incorporating Load Forecasting.‖ Journal of Cleaner 

Production 241 (August 5, 2019): 117920. 

https://doi.org/10.1016/j.jclepro.2019.117920. 

[8] Bundschuh, Jochen, Michał Kaczmarczyk, 

NoreddineGhaffour, and Barbara Tomaszewska. 

―State-of-the-art of Renewable Energy Sources Used in 

Water Desalination: Present and Future Prospects.‖ 

Desalination 508 (March 16, 2021): 115035. 

https://doi.org/10.1016/j.desal.2021.115035. 

[9] Chu, Steven, and Arun Majumdar. ―Opportunities and 

Challenges for a Sustainable Energy Future.‖ Nature 

488, no. 7411 (August 1, 2012): 294–303. 

https://doi.org/10.1038/nature11475. 

[10] Al-Najjar, Hussein M. Taqi, and Jasim M. Mahdi. 

―Novel Mathematical Modeling, Performance 

Analysis, and Design Charts for the Typical Hybrid 

Photovoltaic/Phase-change Material (PV/PCM) 

System.‖ Applied Energy 315 (April 4, 2022): 119027. 

https://doi.org/10.1016/j.apenergy.2022.119027. 

[11] Özşimşek, Atılgan Onurcan, and Muhammed Arslan 

Omar. ―A Numerical Study on the Effect of Employing 

Porous Medium on Thermal Performance of a PV/T 

System.‖ Renewable Energy 226 (March 23, 2024): 

120327. https://doi.org/10.1016/j.renene.2024.120327. 

[12] Meillaud, F., M. Boccard, G. Bugnon, M. Despeisse, S. 

Hänni, F.-j. Haug, J. Persoz, J.-w. Schüttauf, M. 

Stuckelberger, and C. Ballif. ―Recent Advances and 

Remaining Challenges in Thin-film Silicon 

Photovoltaic Technology.‖ Materials Today 18, no. 7 

(March 31, 2015): 378–84. 

https://doi.org/10.1016/j.mattod.2015.03.002. 

[13] Van De Lagemaat, J., N.-g. Park, and A. J. Frank. 

―Influence of Electrical Potential Distribution, Charge 

Transport, and Recombination on the Photopotential 

and Photocurrent Conversion Efficiency of Dye-

Sensitized Nanocrystalline TiO2 Solar Cells: A Study 

by Electrical Impedance and Optical Modulation 

Techniques.‖ The Journal of Physical Chemistry B 104, 

no. 9 (February 10, 2000): 2044–52. 

https://doi.org/10.1021/jp993172v. 

[14] She, Xu, Alex Q. Huang, Oscar Lucia, and Burak 

Ozpineci. ―Review of Silicon Carbide Power Devices 

and Their Applications.‖ IEEE Transactions on 

Industrial Electronics 64, no. 10 (January 17, 2017): 

8193–8205. https://doi.org/10.1109/tie.2017.2652401. 



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 8, Issue 12, pp 167-174, December-2024 

https://doi.org/10.47001/IRJIET/2024.812025  

© 2024-2017 IRJIET All Rights Reserved                     www.irjiet.com                                        173                                                                    
 

[15] Lameirinhas, Ricardo a. Marques, João Paulo N. 

Torres, and João P. De Melo Cunha. ―A Photovoltaic 

Technology Review: History, Fundamentals and 

Applications.‖ Energies 15, no. 5 (March 1, 2022): 

1823. https://doi.org/10.3390/en15051823. 

[16] Ilse, Klemens K., Benjamin W. Figgis, Volker 

Naumann, Christian Hagendorf, and Jörg Bagdahn. 

―Fundamentals of Soiling Processes on Photovoltaic 

Modules.‖ Renewable and Sustainable Energy Reviews 

98 (September 25, 2018): 239–54. 

https://doi.org/10.1016/j.rser.2018.09.015. 

[17] Vázquez, Manuel, and Ignacio Rey‐Stolle. 

―Photovoltaic Module Reliability Model Based on 

Field Degradation Studies.‖ Progress in Photovoltaics 

Research and Applications 16, no. 5 (March 3, 2008): 

419–33. https://doi.org/10.1002/pip.825. 

[18] Hosouli, Sahand, Siddhi Bagde, Muhammad Talha 

Jahangir, Shabahat Hasnain Qamar, Nathan Formosa, 

and Joao Gomes. ―Mitigating PV Cell Cracking in 

Solar Photovoltaic Thermal Collectors With a Novel H-

pattern Absorber Design.‖ Applied Thermal 

Engineering 242 (January 23, 2024): 122516. 

https://doi.org/10.1016/j.applthermaleng.2024.122516. 

[19] Sohani, Ali, Mohammad Hassan Shahverdian, Hoseyn 

Sayyaadi, Saman Samiezadeh, Mohammad Hossein 

Doranehgard, Sandro Nizetic, and Nader Karimi. 

―Selecting the Best Nanofluid Type for a Photovoltaic 

Thermal (PV/T) System Based on Reliability, 

Efficiency, Energy, Economic, and Environmental 

Criteria.‖ Journal of the Taiwan Institute of Chemical 

Engineers 124 (March 7, 2021): 351–58. 

https://doi.org/10.1016/j.jtice.2021.02.027. 

[20] Barbosa, F., G. Nobrega, R.R. Souza, R.P. Ralha, E.M. 

Cardoso, J.E. Pereira, I.S. Afonso, et al. ―Heat Transfer 

Experimental and Numerical Study of a Three-Sided 

Serpentine With the Operating Fluid Directly 

Contacting the PV Cell Back.‖ Case Studies in Thermal 

Engineering 61 (August 24, 2024): 105029. 

https://doi.org/10.1016/j.csite.2024.105029. 

[21] Awad, Muthanna Mohammed, Omer Khalil Ahmed, 

Obed Majeed Ali, Naseer T. Alwan, Salam J. Yaqoob, 

Anand Nayyar, Mohamed Abouhawwash, and Adel 

Fahad Alrasheedi. ―Photovoltaic Thermal Collectors 

Integrated With Phase Change Materials: A 

Comprehensive Analysis.‖ Electronics 11, no. 3 

(January 22, 2022): 337. 

https://doi.org/10.3390/electronics11030337. 

[22] Teo, H.G., P.S. Lee, and M.N.A. Hawlader. ―An Active 

Cooling System for Photovoltaic Modules.‖ Applied 

Energy 90, no. 1 (February 5, 2011): 309–15. 

https://doi.org/10.1016/j.apenergy.2011.01.017. 

[23] Duffie, John A., and William A. Beckman. Solar 

Engineering of Thermal Processes, 2013. 

https://doi.org/10.1002/9781118671603. 

 

AUTHORS BIOGRAPHY 

 

Reyhan Kevin Akmal Setia Abdrian, 

An Undergraduate Mechanical 

Engineering Student at Diponegoro 

University which have an interested in 

energy conservation and construction 

field. 

 
 

Faza Hadiyan, An Undergraduate 

Mechanical Engineering Student at 

Diponegoro University which have an 

interested in construction field. 

 
 

Dhia Adli Djoeyo, An Undergraduate 

Mechanical Engineering Student at 

Diponegoro University which have an 

interested in material engineering field. 

 

Muhammad Rafli At Thariq, An 

Undergraduate Mechanical Engineering 

Student at Diponegoro University which 

have an interested in construction field. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 8, Issue 12, pp 167-174, December-2024 

https://doi.org/10.47001/IRJIET/2024.812025  

© 2024-2017 IRJIET All Rights Reserved                     www.irjiet.com                                        174                                                                    
 

 

 

 

 

 

 

******* 

Citation of this Article: 

Reyhan Kevin Akmal Setia Abdrian, Faza Hadiyan, Dhia Adli Djoeyo, & Muhammad Rafli At Thariq. (2024). Solar PV 

Thermal Management System: A Case on Tembalang Village, Central Java, Indonesia. International Research Journal of 

Innovations in Engineering and Technology - IRJIET, 8(12), 167-174. Article DOI 

https://doi.org/10.47001/IRJIET/2024.812025  

 

https://doi.org/10.47001/IRJIET/2024.812025

