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Abstract. This study investigates the use of a rice husk—resin composite as
a passive thermal dampening layer to reduce temperature rise in photovoltaic
(PV) modules. High operating temperature remains a major performance
barrier for PV systems, particularly in tropical regions where solar radiation
is consistently high, leading to reduced voltage, efficiency, and long-term
material degradation. To address this issue, a bio-insulating composite made
from waste rice husk is proposed as a low-cost, environmentally friendly
thermal suppressor. The composite layer was attached directly to the rear
surface of the PV module and tested against a baseline module under natural
outdoor conditions. Temperature, electrical parameters, and irradiance were
recorded using thermocouples, a data logger, and standard PV
instrumentation. The results show that the composite effectively reduces
module temperature by approximately 2-3°C, increases open-circuit
voltage, improves fill factor, and enhances overall electrical performance.
The maximum power point (MPP) increased by up to 20.7% compared with
the module without the thermal dampening layer. These findings
demonstrate that rice husk—resin composite provides a practical passive
cooling solution and offers a promising pathway for boosting PV
performance in hot climates.
Keywords: Passive cooling, Photovoltaic, Temperature, Rice husk,
Maximum power point.

1 Introduction

The solar energy as a renewable energy source is growing in line with increasing global
energy needs and demands for carbon emission reductions. Photovoltaic (PV) systems are
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the most widely adopted technology for converting solar energy into electricity. However,
solar panel performance is significantly affected by environmental factors, particularly
temperature. When solar panels operate under high irradiance, energy is absorbed and
released as heat, increasing the temperature on PV module surface. An increase in
temperature reduces the open-circuit voltage at the maximum power point (V;,,y,), thereby
directly affecting the efficiency of energy conversion. Several studies have shown that
crystalline PV modules can experience a power loss of approximately —0.45% to —0.50% for
every 1°C increase in power output above standard conditions [1]. This significant
temperature effect is a major challenge for tropical countries like Indonesia, which
experience high radiation intensity and hot ambient temperatures year-round, so a heat
management strategy is needed to maintain the performance and lifespan of PV panels.

In the context of temperature control, various studies have evaluated the use of biomass-
based insulation materials such as rice husks. Rice husks have unique chemical and physical
characteristics, including a silica content of 15-22% and a porous microstructure, resulting
in low thermal conductivity. A study by Tous et al. reported that rice husk-based insulators
have a thermal conductivity of approximately 0.073 W/m-K, making them a good candidate
for bio insulation [2]. Another study by Khan et al. confirmed that composites made from
rice husk and natural fibres can be processed into insulation sheets with good thermal and
mechanical stability, making them suitable for heat control applications [3]. In addition,
research about materials shows that insulation materials made from recycled rice husks can
achieve thermal conductivity as low as 0.04 W/m-K, a value equivalent to or better than that
of some commercial insulation materials [4]. These findings demonstrate that rice husk is a
potential biomass source for developing a heat-insulating material, although most research to
date has focused only on building applications such as walls, ceilings, and interior panels.

As research into insulation materials has progressed, other studies have examined the
impact of temperature on PV panel performance. In their comprehensive review, Skoplaki
and Palyvos confirmed that the relationship between module temperature and power output
is linear, with higher temperatures negatively affecting panel power output [5]. In addition to
decreasing efficiency, high temperatures also accelerate the degradation of the encapsulant
layer and solder joints, potentially leading to a decrease in long-term performance [6], [7].
Meanwhile, other experiments showed that passive cooling techniques can increase output
power by up to 8—12% compared to panels without cooling [8]. This finding emphasizes that
temperature control is a strategic component in solar energy optimization.

In addition to decreased efficiency due to rising temperatures, another operational
problem that frequently arises in PV systems is partial shading, a condition in which part of
the module is shaded by trees, buildings, dust, or dirt [9], [10]. Partial shading not only
reduces the irradiance received by the module but also causes a temperature imbalance in the
PV cells. The shaded cell transforms from an energy producer into a resistive load through
which current from other cells must flow, causing it to experience localized temperature
increases, or local overheating. A study of partial shading showed that it can cause mismatch
losses of up to 30—40% and increase the risk of hot spots in the module [11]. This condition
further exacerbates the effects of reduced performance due to high ambient temperatures,
especially in tropical areas, where panels already operate at high temperatures.

Another phenomenon closely related to temperature changes is hot spots, a condition
where one or more cells experience extreme heating due to shading, microcracks, or internal
connection damage. Hot spots can raise local cell temperatures to over 100°C, well above the
module's normal operating temperature. It can lead to delamination, encapsulant damage, and
even permanent failure of PV cells. According to a recent study, hot spots are a significant
cause of reduced module lifespan and require preventive measures focused on thermal
management [12]. Because temperature is the primary driver of this damage, module thermal
control strategies, particularly passive ones, are becoming increasingly important not only to
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maintain efficiency but also to prevent long-term damage from thermal degradation, partial
shading, and hot spots.

While numerous studies have identified the thermal characteristics of rice husk and the
impact of temperature on PV panel performance, studies that directly integrate rice husk bio-
insulating materials as passive heat sinks in PV modules remain limited. Most approaches to
PV panel thermal management focus on active cooling systems such as water or air cooling,
which require additional energy, higher costs, and intensive maintenance. Meanwhile,
research on rice husks has primarily focused on their application as building insulation, rather
than as part of a passive solar panel cooling system. The lack of research evaluating rice
husk-resin composites as heat-insulating layers installed parallel to the bottom of PV modules
creates a significant research gap that needs to be addressed.

Based on this gap, this study proposes the development of a passive heat-insulating layer
based on rice husk-resin composites installed parallel to the bottom of PV modules. This
layer aims to reduce heat transfer from the module's rear, thereby lowering the panel's
operating temperature. This approach is designed as a simple, low-cost, and environmentally
friendly passive solution that utilizes abundant biomass waste in Indonesia. Furthermore, this
method requires no additional equipment or external energy, making it feasible for large-
scale application in existing PV systems. The main contributions of this research include the
direct application of rice husk composite materials as thermal insulators for PV modules, the
evaluation of their impact on panel temperature and power output, and the presentation of a
new alternative for improving PV efficiency without the use of active cooling systems. Thus,
this study provides a new approach to bio-material-based thermal management, which has
not been widely explored in the scientific literature.

2 Research Methods

2.1 Characteristics of rice husk

Rice husk is one of the most significant biomass waste streams in Indonesia and possesses
physical and chemical properties that enable it to be used as a heat-insulating material.
Compositionally, rice husk is composed of cellulose (32-35%), hemicellulose (23—26%),
lignin (19-20%), and a relatively high silica (SiO2) content of 15-22% by dry weight. This
silica content gives rice husk superior heat resistance compared to other biomass, while also
providing rigidity and resistance to thermal decomposition. Furthermore, the microstructure
of rice husk consists of an epidermal layer with natural pores that trap air, reducing the
material's ability to conduct heat.

The thermal characteristics of rice husk have been extensively studied. Tous et al.
reported that rice husk-based insulation panels had thermal conductivities of approximately
0.073 W/m-K. Research developed an insulation material based on recycled rice husks and
achieved a thermal conductivity of 0.04 W/m-K, comparable to that of commercial insulation
materials such as Styrofoam [6]. Its high silica content, porous structure, and low density
make rice husks highly effective as bio insulators.

In composite form, rice husks are often mixed with epoxy resin to enhance mechanical
stability and environmental resistance. Epoxy resin acts as a matrix that binds the rice husk
granules, strengthening the structure and facilitating the formation of specific geometries,
such as heat-insulating sheets. Khan et al. demonstrated that rice husk-resin composites
produce materials with high processing flexibility and stable thermal properties, making them
suitable for insulation applications in buildings and engineering devices. Based on these
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characteristics, rice husk-resin composite materials are considered suitable for use as passive
heat insulators for PV modules.

2.2 PV module characteristics

This study uses a 50 Wp monocrystalline photovoltaic module. The electrical
characteristics of the PV module are influenced by solar irradiation, cell temperature, and the
internal conditions of the photovoltaic cell. Mathematically, the characteristics of the current-
voltage (I-V) relationship can be explained using a single-diode model (1). In the single-
diode model, the output current I and voltage V depend on the photogenerated current I,
and the diode’s internal behavior [13].

The saturation current Iyrepresents leakage and increases with temperature, while the
series resistance R;and shunt resistance Rg,model electrical losses. The constants g, n, and
kdefine the diode’s physical and thermal properties. The cell temperature Tis crucial because
it directly influences the diode’s exponential term and strongly affects the PV module’s
electrical performance. While open circuit voltage is obtained as in (2).

a(V+IRs) V + IR
I'= Iy — Io(e” mT~ 1) — )
Rsh
Voc(T) = VOC(T‘I"Ef) + Broc(T — Tref) 2)

dengan By,.= koefisien suhu tegangan (umumnya negatif, =~ —0.30% s.d. —0.50% per °C),
Trep=25°C

Since V. decreases significantly but ;. a increases slightly, the maximum power also
decreases. P =V X I is still used to calculate power. The efficiency of a photovoltaic panel is
calculated using (3).

Pout (3)

FF is the ratio between the maximum power that the module can actually produce at the
maximum power point (MPP) and the product of the open circuit voltage (Voc) and the short
circuit current (Ig.) [14]. FF can be derived as in (4).

Vmpp ) Impp

FF =
V;)c : ISC(STC)

2.3 Experiment model

An experimental model was developed to quantitatively evaluate the effect of a rice husk—
resin composite as a passive heat-insulating layer placed on the underside of a photovoltaic
(PV) module. Two configurations were tested to obtain a clear comparison of the module's
thermal performance: (1) a standard PV module without an insulating layer as the baseline
configuration, and (2) a PV module with a rice husk-resin composite layer installed parallel
to the module's rear surface. The composites were bonded using a high-temperature silicone
adhesive to ensure good thermal contact while maintaining the module's structural integrity.
The composite as a passive layer aligns with the passive cooling design approach, in which
the material's thermal characteristics are utilized without the addition of active cooling
devices that require external energy.

Testing was conducted outdoors directly to ensure the modules received natural solar
radiation, as depicted in Fig. 1. Both PV modules were installed at an inclination of 15-20°,
the optimum angle based on the test site's latitude, to maintain consistent radiation intensity
on the panels. Three K-type temperature sensors were strategically positioned on the rear
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surface of the PV module, on the composite surface, and in the surrounding air to record
ambient temperature. Sensor readings are recorded using a data logger with a 30-second
recording interval, enabling good-resolution temperature data acquisition under maximum
heating conditions.
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Fig. 1. Experiment setup

The module's electrical parameters were measured simultaneously throughout the test.
Output voltage and current were measured with a digital multimeter and a clamp meter,
respectively, while solar irradiance was measured with an instrument-grade pyranometer.
These simultaneous measurements were necessary to calculate instantaneous power and
module efficiency, thereby directly linking performance changes to variations in the module's
operating temperature caused by the rice husk-resin composite layer. All instruments were
calibrated prior to use to ensure data consistency and minimize measurement errors.

Experiments were conducted during the peak irradiance period, 10:00-14:00 WIB, over
several consecutive days to obtain a representative module heating profile. This timeframe
was chosen because PV modules typically reach their highest operating temperatures during
this period, allowing the composite's passive cooling effect to be more clearly observed. Data
collection over several days also aimed to increase the reliability of the results and to address
irradiance variability caused by weather conditions.

Table 1. PV module parameters

Parameters Value
Maximum Power Point, MPP (W) 33
Short Circuit Current (A), Iy 1.84
Open circuit voltage (V), V. 21.6
Current at MPP (A), [, 2
Voltage at MPP (V), V,, 18
Ideality Factor 1.216

Table 1 shows the PV module parameters used in an experimental setup. Data analysis
was performed on several key parameters, including reductions in module temperature under
high-radiation-load conditions, changes in output power relative to the baseline module,
improvements in energy conversion efficiency, and comparisons of thermal and electrical
performance between the two configurations. The analysis of the results refers to the
temperature-dependent model of PV module electrical performance proposed by Skoplaki
and Palyvos, as well as the module thermal degradation mechanism as described by Maiti
and Banerjee. Using this technical approach, the experimental model was designed to provide
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a measurable understanding of the effectiveness of rice husk—resin composites as a passive
cooling solution in photovoltaic systems.

3 Results and Discussions

Fig. 2(a) shows the temperature profiles of the tested PV modules using two
configurations: with and without rice husk absorbers. It can be seen that the PV modules with
rice husk absorbers consistently had lower operating temperatures across all test samples,
with an average difference of about 2-3°C. This temperature reduction demonstrates the
effectiveness of the rice husk—resin composite in reducing heat accumulation at the module's
rear. In contrast, the modules without rice husks exhibited higher, more fluctuating
temperatures, indicating that, without a thermal insulation layer, the panels are more
susceptible to temperature increases under high radiation.

Rice husk has low thermal conductivity due to its porous, silica-rich structure, allowing
it to act as an effective insulator [2]. This property enables the rice husk—resin composite to
reduce heat transfer and lower the operating temperature of the PV module. Lower module
temperatures directly contribute to higher open-circuit voltage and overall efficiency, as
reported [5].
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Fig. 2. Comparison of temperature and open circuit voltage (Voc) for: (a) PV module with
rice husk; (b) without rice husk

Meanwhile, Fig. 2(b) provides a comparison of the open-circuit voltage (Voc) values for
both configurations. The Voc of the module with the rice husk damper tends to be higher
than that of the module without the damper. This trend is consistent with the theory that Voc
decreases as cell temperature increases; thus, a decrease in module temperature with rice husk
directly increases Voc. The average increase in Voc is 0.2—0.4 V, which is a significant effect
given that the sensitivity of Voc to temperature changes is approximately —0.34%/°C. These
results indicate that the rice husk damper not only reduces module temperature but also
improves output voltage stability.
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Fig. 3 shows the comparison of Fill Factor (FF) values for ten test samples between PV
modules with and without rice husk absorbers. FF is an important parameter that describes
the quality of the -V curve and the internal efficiency of PV modules. Based on the graph,
PV modules with rice-husk absorbers show higher FF values in almost all samples. The
average FF for modules with rice husks is in the range of 0.55-0.68, while modules without
rice husks are only in the range of 0.45-0.55. This increase in FF indicates that the
temperature reduction from the rice husk layer improves cell performance, especially by
maintaining a higher Vmpp and reducing internal losses. Overall, FF increases by about 10—
15% when the rice husk layer is applied, confirming that passive cooling improves module
performance.
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Fig. 4. Comparison of [-V and P—V curves for all samples, highlighting the changes in
electrical output when rice husk is added versus when it is absent.

As shown in Fig. 4, the I-V and P-V curves of ten PV module samples show two
conditions: a solid line (without rice husk) and a dashed line (with rice husk). The I-V graphs
show that the rice husk module has a slightly higher current at load conditions near MPP than
the non-rice husk module. More importantly, the voltage near the cutoff point (Voc region)
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shows a consistent increase in the dashed curve, consistent with the previously observed
decrease in temperature in Fig. 2.

The P-V curves show a more apparent trend: the maximum power (Pmax) for each
sample increases when using the rice husk damper. It is indicated by the shift of the dashed
P—V curve above the solid curve in almost all samples. The average power increase for the
rice husk module ranges from 8 to 12%, which is significant for a passive cooling method
without external energy assistance. Its pattern confirms that the rice husk-resin composite
can lower the module's operating temperature, maintain a higher operating voltage, and
increase overall power output. These findings are consistent with the fundamental current—
voltage relationship of photovoltaic cells as described in the single-diode model [13], where
temperature directly affects the exponential diode term. As temperature decreases, the
saturation current Iis reduced, leading to a higher open-circuit voltage V,., which in turn
increases the maximum power point. Thus, the improvement observed in the P—V curves
aligns well with the theoretical expectation that electrical performance improves when
temperature-induced voltage losses are minimized.

The overall results for temperature, Voc, FF, and I-V and P-V curves show strong
consistency that the rice husk-resin damping layer provides significant performance
improvements for the PV module. Not only is there a 2-3°C decrease in average temperature
and a Voc increase of up to 0.4 V, but the most substantial effect is seen in the output power.
Based on measurements of all samples, the PV module equipped with the rice husk damper
achieved a maximum power increase of 20.7% compared to the module without the damper.
This increase far exceeds the general trend of 8—12% in passive cooling, thus confirming the
thermal effectiveness of the rice husk—resin composite material in suppressing increases in
operating temperature while maintaining a more stable working voltage at the maximum
power point. These findings reinforce that the use of bio-insulators, such as rice husk, is not
only environmentally friendly and low-cost but also provides substantial electrical benefits
for PV modules under high-temperature operating conditions.

4 Conclusions

The results confirm that the rice husk composite reduces operating temperature by 2—3°C
and significantly improves electrical performance. The module demonstrated higher Voc,
better fill factor, and a substantial increase in maximum power output, reaching 20.7%
improvement relative to the baseline. These findings indicate that rice husk—resin composite
is an effective, low-cost, and sustainable passive cooling strategy for enhancing PV efficiency
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