International Journal of Research in Vocational Studies (IJRVOCAS) -

Vol. 5, No. 2, August 2025, pp. 13~21 .
Print ISSN 2777-0168| Online ISSN 2777-0141| DOI prefix: 10.53893 m

. S .. . Check for
https://journal.gpp.or.id/index.php/ijrvocas/index @ updates

Hybrid Passive Cooling System for Rooftop Photovoltaics
with Varying Height Clearances

Pebi Dian Fauzi®> *, RD. Kusumanto? & Abu Hasan?

! Magister Program, Renewable Energy Engineering, Politeknik Negeri Sriwijaya, Palembang, Indonesia
23 Renewable Energy Engineering, Politeknik Negeri Sriwijaya, Palembang, Indonesia

Email address:

pebicaester@gmail.com
*Corresponding author

To cite this article:

Fauzi, P. D., Kusumanto, R., & Hasan, A. Hybrid Passive Cooling System for Rooftop Photovoltaics with Varying Height Clearances.
International Journal of Research in Vocational Studies (IJRVOCAS), 5(2), 13-21. https://doi.org/10.53893/ijrvocas.v5i2.428

Received: 05 24, 2025; Revised: 06 13, 2025; Accepted: 07 04, 2025; Published: 08 25, 2025

IJRVOCAS is licensed under a Creative Commons Attribution 4.0 International License.

Abstract: The increasing adoption of rooftop photovoltaic (PV) systems as a renewable energy source is often hindered by
the negative impact of high operating temperatures on their efficiency. To address this, a hybrid passive cooling system offers a
promising solution to enhance the power output of PV panels while supporting environmental sustainability. This study
investigates the effects of varying the height clearance between a PV panel and the roof surface on the thermal performance and
energy efficiency of a hybrid passive cooling system. The research integrates a passive cooling setup, which utilizes natural
airflow without additional energy consumption, with a thermoelectric generator (TEG) based on a Peltier module to convert
waste heat into supplementary electrical energy. The study employed both simulation and experimental methods to analyze the
thermal and energy performance of the system at different height configurations. Five identical 30W Maysun solar panels were
tested at heights of 1 cm, 5 cm, 10 cm, 15 cm, and 20 cm, with data on temperature and voltage collected throughout the day.
The results indicate that increasing the installation height significantly improves air circulation, leading to lower panel
temperatures and higher voltage outputs. The optimal configuration was found to be at a height of 20 cm, which consistently
yielded the highest voltage. Furthermore, the integration of a Peltier module with a heatsink proved effective, generating up to
623 mV of additional voltage by converting waste heat. These findings provide valuable insights and practical recommendations
for designing more efficient rooftop PV installations, contributing to the advancement of sustainable building technologies and
the global effort to reduce carbon emissions.
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1. Introduction

The growing global energy demand has intensified the  Rooftop PV installations are increasingly popular as they
reliance on fossil fuels, leading to significant greenhouse gas  utilize existing building surfaces to produce power [3]. These
emissions and environmental concerns [1]. This has spurred  systems not only contribute to reducing carbon emissions but
the development and adoption of renewable energy also offer economic benefits to homeowners through
technologies, with photovoltaic (PV) systems being a  decreased energy bills and potential government incentives
prominent solution for generating clean electricity [2].  [4].
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A critical factor affecting the performance of PV panels is
their operating temperature [5]. High temperatures cause a
significant decrease in the conversion efficiency and power
output of the panels [6]. Therefore, effective cooling systems
are essential to maintain optimal PV panel temperatures and
maximize energy generation [7]. Passive cooling systems,
which function by utilizing natural thermal processes and
airflow without consuming extra energy, present an attractive
solution [8]. Implementing passive cooling techniques can
enhance the efficiency of PV systems, potentially improving
energy output by mitigating the adverse effects of high
operating temperatures on panel performance [9].

The clearance or height between the PV panel and the roof
surface can influence the natural airflow and heat distribution
beneath the panel, thereby affecting the efficacy of passive
cooling [10]. This research explores this relationship by
systematically varying the installation height [11]. Moreover,
this study introduces a hybrid approach by integrating a Peltier
module, a thermoelectric device, into the system [12]. The
Peltier module not only assists in monitoring temperature but
also functions as a Thermoelectric Generator (TEG),
converting the waste heat absorbed from the PV panel into
additional electrical energy [13]. This innovative integration
of a Peltier module could significantly enhance the overall
energy efficiency of PV systems by utilizing waste heat, thus
addressing both cooling and energy generation challenges
[14].

This study aims to evaluate the impact of varying PV panel
installation heights on the thermal performance of a passive
cooling system and to analyze the energy conversion potential
of an integrated Peltier module [15]. The novelty of this
research lies in its hybrid system approach, which combines
passive cooling through adjustable height with energy
harvesting from waste heat, a departure from conventional
installations where PV panels are mounted flush with the roof
[16]. The hypothesis is that an optimal installation height
exists that maximizes natural convection, thereby cooling the
panel and improving overall system efficiency, which is
further enhanced by the energy generated by the Peltier
module [17].

The findings from this study could provide valuable insights
into optimizing PV panel performance and contribute to the
broader adoption of innovative cooling strategies in solar
energy systems [18]. This research could pave the way for
more efficient designs in solar energy systems, ultimately
leading to enhanced sustainability and reduced reliance on
fossil fuels [19]. The integration of innovative cooling
strategies, such as the use of Peltier modules, may
significantly improve the efficiency and sustainability of
photovoltaic systems in the long term [20].

The potential for enhanced energy generation through such
hybrid systems aligns with current trends in renewable energy
technology development [21]. The results of this research
could inform future designs of photovoltaic systems,
promoting greater efficiency and sustainability in renewable
energy technologies [22]. Implementing these cooling
techniques could lead to substantial improvements in energy
output, thereby supporting the transition to more sustainable
energy solutions and reducing greenhouse gas emissions [23].

Incorporating advanced cooling methods can not only enhance
photovoltaic efficiency but also contribute to the overall
effectiveness of renewable energy systems in mitigating
climate change impacts [24]. Furthermore, the application of
these cooling methods can help maintain optimal operating
temperatures for photovoltaic panels, thus maximizing their
energy conversion efficiency and longevity [25]. In addition,
ongoing research into innovative materials and technologies is
essential to further enhance the performance and durability of
these cooling systems, ensuring their viability in diverse
environmental conditions [26]. This holistic approach not only
optimizes energy production but also fosters innovation in the
renewable energy sector, paving the way for more resilient and
adaptive energy infrastructures [27]. These advancements will
not only drive down costs but also enhance the scalability of
renewable energy solutions, making them more accessible to
a broader range of consumers and industries [28].

2. Materials and Methods

The extensive research undertaking transpired over a
protracted period, specifically from August 2024 to February
2025, within the parameters of a residential structure situated
in the city of Palembang, located in the province of South
Sumatra.

2.1. Experimental Setup

The fundamental element at the heart of the meticulously
designed experimental configuration was comprised of five
identical solar panels, each possessing a capacity of 30 watts,
specifically manufactured by the Maysun company, which
were uniformly selected in terms of both type and dimensions
to guarantee a high degree of consistency and precision in the
subsequent results obtained from the experimentation. A
comprehensive elucidation of the technical specifications
pertaining to these solar panels is systematically presented and
elaborated upon in the detailed documentation provided within
Table 1.

Table 1: Solar Panel Specifications

Merk
Solar Specifications Teknik
Panel
Model MS30M-36
Rated Maximum Power (Pm) 30W
Voltage at Pmax (Vmyp) 18,6V
Maysun Current at Pmax (Imp) 1,62A
Open-Circuit Voltage (Voc) 22,80V
Short-Circuit Current (Isc) 1,76 A
Maximun System Voltage 1000 VDC
Maximum Series Fuse Rating 10A

These panels were meticulously affixed onto highly
adjustable brackets that provided the capability to establish the
height clearance from the surface of the roof at precisely five
distinct levels, which were meticulously calibrated to be 1
centimeter, 5 centimeters, 10 centimeters, 15 centimeters, and
20 centimeters respectively. A thermoelectric Peltier module,
specifically designated as TEC1-12706, was strategically
installed beneath a photovoltaic panel with the primary
objective of efficiently converting thermal energy into



electrical energy. The functional performance of the Peltier
module was subjected to rigorous testing protocols both with
and without the incorporation of a heatsink affixed to its cold
side to thoroughly assess the consequential impact on the
efficiency of energy generation.

The process of data acquisition was thoroughly automated
through the utilization of an Arduino Uno platform that was
seamlessly integrated with direct current voltage sensors for
enhanced precision. This sophisticated system was
meticulously designed to ensure that voltage readings from all
five panels were captured simultaneously and in real-time,
thereby effectively addressing the potential inaccuracies that
are commonly associated with manual measurements
conducted using multimeters. The comprehensive monitoring
system, which comprised the Arduino and the associated
sensors, was carefully enclosed within a protective box panel,
specifically engineered to shield it from various environmental
factors, including but not limited to dust and moisture that
could potentially impair its functionality.

2.2. Research Procedure

The empirical investigation adhered to a meticulously
organized methodological protocol, which is comprehensively
in the

delinecated and visually represented schematic

illustration provided in Figure 1.
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Figure 3: Peltier Installation

A more elaborate and comprehensive rendition of the
flowchart delineated in the preceding text would be provided
here, meticulously illustrating the fundamental stages, which
include the processes of Preparation, System Installation,
Initial Testing, Data Collection, and Data Analysis, thereby
ensuring a thorough understanding of the methodology
employed in the study.

In the initial phase of Preparation and Calibration, every
single instrument utilized in the study, encompassing both the
Direct Current voltage sensors as well as the infrared
thermometer, underwent a rigorous examination and
meticulous calibration process to comprehensively guarantee
the utmost accuracy and reliability of the measurements
obtained during the experimental procedures.

During the Installation phase, the adjustable brackets and
photovoltaic panels were meticulously and securely affixed to
the rooftop at the predetermined height variations specified in
the experimental design. Furthermore, the Peltier module was
carefully attached to the underside of one of the panels, and all
components were systematically wired to the Arduino-based
data logging system, ensuring seamless functionality and data
integrity.

In terms of Data Collection, the primary variables that were
systematically gathered included the DC voltage output
produced by each individual photovoltaic panel, along with
the surface temperature of each panel. These measurements
were diligently recorded on an hourly basis, specifically from
09:00 AM to 03:00 PM. Additionally, the voltage generated by
the Peltier module was meticulously measured under two
distinct conditions: one with the application of a heatsink and
the other without, providing valuable comparative data.

The study was methodologically divided into two distinct
experimental groups, which were designed to facilitate a more
comprehensive analysis of a broader spectrum of heights.
Group 1 concentrated on the heights of 1, 5, 10, 15, and 20
centimeters, with the photovoltaic panels positioned
adjacently to one another. In contrast, Group 2 explored the
heights of 20, 40, 60, 80, and 100 centimeters, with the panels
arranged separately; however, the detailed results that are
presented herein primarily focus on Group 1, as it exhibited
the most substantial and significant changes throughout the
experimental observations.
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3. Results and Discussion
3.1. Effect of Height on PV Panel Temperature and Voltage

The outcomes derived from the experimental observations
unequivocally illustrate a distinct and significant correlation
that exists between the elevation at which the photovoltaic
panels are installed, the temperature of their surface, and the
resultant voltage output produced by these panels. It was
methodically documented that ensuring ample vertical
clearance from the roof's surface promotes enhanced air
circulation around the panels, which consequently facilitates
the effective dissipation of heat, thereby aiding in the
reduction of the operational temperature of the photovoltaic
panels. This enhanced cooling mechanism, in turn, fosters a
more consistent and optimal voltage output, thereby
improving overall efficiency.

Table 2 provides a comprehensive presentation of the
meticulously recorded measurements pertaining to both
voltage and temperature for the panels classified under Group
1, which pertain to those installed at heights ranging from 1 to
20 centimeters, and these measurements were diligently taken
at various intervals throughout the day to capture the dynamic
changes in conditions.

Table 2: Voltage and Temperature Measurements for Group

O'clock Height PV PV Panel
(cm) Voltage Temperature
V) °0)
09.00 1 22,22V 34,20 °C
5 22,45V 32,90 °C
10 22,48V 32,90 °C
15 22,68V 32,20 °C
20 22,76 V 30,70 °C
10.00 1 21,98 V 28,90 °C
5 22,04V 29,00 °C
10 22,12V 29,00 °C
15 22,14V 29,10 °C
20 22,36 V 29,30 °C
11.00 1 22,09V 47,00 °C
5 22,15V 42,00 °C
10 22,40V 41,80 °C
15 2241V 40,09 °C
20 22,50 V 39,40 °C
12.00 1 20,80 V 35,50 °C
5 20,86 V 33,60 °C
10 20,90 V 32,90 °C
15 20,95V 32,00 °C
20 21,24V 31,50 °C
13.00 1 22,44V 36,80 °C
5 22,45V 33,30 °C
10 22,50 V 33,10 °C

15 22,58V 32,50 °C
20 22,81V 32,20 °C
14.00 1 21,65V 30,80 °C
5 21,68 V 28,30 °C
10 21,72V 28,20 °C
15 21,82V 28,00 °C
20 21,83V 27,00 °C
15.00 1 21,44V 30,40 °C
5 21,47V 28,20 °C
10 21,51V 28,10 °C
15 21,62V 27,61 °C
20 21,63V 27,00 °C

The meticulously gathered empirical data that has been
thoroughly presented in this study elucidates a distinctly
observable and reliably consistent correlation that exists
between the vertical elevation of solar panels and the
corresponding measurements of both temperature and voltage
outputs, which are crucial for understanding their
performance. Specifically, the voltage generated by these solar
panels exhibits a discernible and systematic pattern of increase
that consistently tends to correlate positively with the
augmented height of installation; notably, the elevation of 20
centimeters consistently manifests the most significant voltage
production, particularly during the critical hours of peak solar
radiation, which typically occur around 13:00, thereby
underscoring the essential and pivotal role that height plays in
the optimization of the overall performance of solar panels in
various environmental conditions.

This established and well-documented pattern of results
provides robust and compelling support for the hypothesis
positing that the enhancement of air circulation, which is
effectively facilitated by the elevation of solar panels to greater
heights, significantly mitigates the detrimental impacts on
operational efficiency that are typically induced by the
elevated temperatures encountered during prolonged solar
exposure.

Although the comprehensive scope of the experimental
testing was methodically structured with the primary objective
of investigating heights that extend up to an impressive
maximum of 100 centimeters, it became increasingly apparent
that the most significant enhancements in performance were
predominantly observed within the relatively constrained
interval of 1 to 20 centimeters; however, it is critical to note
that beyond the threshold of 40 centimeters in height, the
incremental increase in voltage output became markedly
negligible and statistically insignificant, thereby indicating a
plateau in performance gains as greater elevations are
achieved, which is a crucial consideration for future research
and practical applications in solar panel installations.
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Figure 5: PV Panel Voltage and Temperature against Altitude at 10.00
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Figure 10: PV Panel Voltage and Temperature against Altitude at 15.00
(Group 1)

3.2. Performance of the Peltier Module

The implementation of a Peltier module within the context
of a thermoelectric generator (TEG) has unequivocally
demonstrated its extraordinary capability in the proficient
collection and conversion of heat energy into usable electrical
energy, showcasing its potential in energy sustainability and
efficiency. The enhancement of operational efficiency and the
overall performance metrics of this intricate system were
significantly elevated through the deliberate integration of a
heatsink affixed to the cold side of the module, a strategic
modification that effectively optimized the temperature
differential (AT) across the junctions of the thermoelectric
module, thus leading to a substantial increase in its energy
conversion efficiency and overall functionality.

The data presented in Table 3 provides a thorough
comparative analysis of the voltage output generated by the
Peltier module, juxtaposing scenarios in which a heatsink was
employed with those in which it was absent, thereby
illuminating the critical implications of thermal management
practices on the electrical performance characteristics of the
module and its operational viability in various applications.

Table 3: Peltier Module Voltage Output

O'clock  Height PV PV Panel
(cm) Voltage Temperature
(4] O

09.00 20 22,14V 49,3 °C

40 21,87V 47,8 °C

60 22,00V 48,6 °C

80 21,85V 47,9 °C

100 22.19V 46,3 °C
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The empirical data, which has been painstakingly and
scrupulously derived from an extensive and comprehensive
analysis of the myriad experimental variables under scrutiny,
unequivocally suggests that the strategic and methodical
integration of a heatsink into the intricate and sophisticated
experimental apparatus has resulted in a remarkable and
noteworthy amplification of voltage output, an enhancement
that, in the overwhelming majority of instances that were
carefully and meticulously monitored throughout the
exhaustive duration of the experimentation process, surpasses
twofold the initial measurements that were systematically
documented at the outset of the investigation.

The maximum voltage measurement that was assiduously
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and meticulously captured during this pivotal phase of the
study soared to an impressive and remarkable pinnacle of 623
mV, a numerical value that was recorded with exacting
precision at precisely 11:00, which intriguingly coincided
perfectly with the installation of the heatsink, and this
noteworthy phenomenon was discovered to be significantly
correlated with heightened temperature readings that were
acquired from the panel, thereby underscoring the complex
and intricate relationship that exists between these interrelated
variables.

This finding, which is both compelling and enlightening in
its far-reaching implications, serves to illustrate with clarity
that the Peltier module exhibits a substantial and noteworthy
capability for effectively converting the thermal energy that is
intrinsically dissipated during its operational phase into a
viable and usable form of electrical energy that can be
harnessed and effectively utilized, thereby substantially
improving the overall performance and output efficacy of the
hybrid energy system that is currently undergoing rigorous and
intensive exploration within the framework of this research
endeavor.
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Figure 18: the optimal combination between PV panel height distance and the use of peltier modules

Table 4: peltier module measurement results

O'clock Voltage Voltage With A Voltage
Without Heatsink (mV) (mV)
Heatsink (mV)
09.00 170 339,4 169,4
10.00 198 553 355
11.00 200 623 423
12.00 314 698 384
13.00 200 453 253
14.00 139 366 227
15.00 73 147,3 74,3

800
700
600
500
400
300
200
100

09.00 10.00 11.00 12.00 13.00 14.00 15.00

e \/0ltage Without Heatsink

e \/0ltage With Heatsink

Figure 19: Feltier Module Graph
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3.3. Optimal System Configuration

Based on a meticulously conducted assessment that
thoroughly examines and systematically evaluates both the
performance metrics and operational efficiencies of
photovoltaic (PV) panels in conjunction with the energy
output generated by Peltier modules, it has been conclusively
determined that the most advantageous and optimal
configuration for this sophisticated and complex hybrid
energy system is achieved when the photovoltaic panel is
installed at a precise altitude of exactly 20 centimeters above
the terrestrial surface.

This installation height is critically beneficial, as it creates
a perfect balance between the passive cooling effects that arise
from the natural airflow patterns prevalent in the environment,
which consequently leads to the generation of the highest and
most consistently stable voltage output from the solar panel,
thereby significantly optimizing its overall operational
efficiency and effectiveness in harnessing solar energy.

Moreover, the deliberate and thoughtful integration of the
Peltier module, particularly when it is employed in
conjunction with a meticulously designed heatsink,
substantially enhances the performance of the entire system by
effectively capturing and utilizing the waste heat that is
produced during its operational phase, thus contributing
additional power generation and enhancing energy efficiency.

4. Conclusion

This research successfully demonstrated that the
performance of rooftop photovoltaic systems can be
significantly enhanced through a hybrid passive cooling
strategy. The key findings are as follows:

1. Influence of Height: Increasing the installation height
of a PV panel from the roof surface directly improves
its performance. An elevation of 20 cm was found to
be optimal in this study, as it allowed sufficient natural
airflow to cool the panel, resulting in a lower operating
temperature and a measurably higher voltage output
compared to lower clearances. It is recommended that
panels be installed with a minimum clearance of 20 cm
from the roof.

2. Hybrid System Efficacy: The integration of a Peltier
module as a thermoelectric generator proved to be a
viable method for harvesting waste heat. The use of a
heatsink is crucial, as it significantly increases the
temperature differential and, consequently, the
supplementary voltage generated.

3. Optimal Configuration: The most efficient system
configuration combines a height of 20 cm with a
Peltier module equipped with a heatsink. This setup
maximizes the primary energy output from the PV
panel while simultaneously generating additional
electricity from heat that would otherwise be lost.

Future research should explore the performance of this
hybrid system in different geographical and climatic
conditions to validate and broaden the findings. Further
enhancements could include the exploration of advanced
cooling techniques, such as incorporating phase change

materials or small fans, to further improve the efficiency of the
Peltier module and the overall system. The use of
microcontrollers for real-time data monitoring and control
proved invaluable and could be expanded for remote and
automated system management in future iterations.
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