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ABSTRACT  
Purpose – This study aims to characterize rice husks as a renewable 
energy source. It measures the absorption and absorbance of rice husk 
waste. It determines the factors that affect the efficiency of rice husks 
(RHS) as a renewable energy source. 
Design/methods/approach – Laboratory experiments and literature 
reviews were the methods used in this study. Material characterization 
was performed using a Vector Network Analyzer (VNA) to measure 
electromagnetic wave absorption and a UV-VIS spectrometer to 
measure UV absorption. 
Findings – The results of the VNA measurement of RHS HCl 0M carbon = -
3.80 dB; 1M = -13.28dB, and 3M = -12.28 dB. Absorbance measurements 
were then performed using UV-Vis. Based on the measurements 
performed, the absorbance values of each material were as follows: RH 
HCl 0M = 0.187 AU; 1M = 0.084 AU; 3M = 0.141 AU. 
Research implications/limitations – Exploring the potential of rice husks 
as an environmentally friendly and sustainable renewable energy source. 
Analyzing the physical and chemical characteristics of rice husks, 
including their carbon content, to determine the energy efficiency that 
can be generated through various conversion technologies such as 
combustion, activation, and measurement.  
Originality/value – This study focuses on the potential of rice husks as a 
renewable energy source. 
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Introduction  

Electricity has become a primary need for the global community (Kabeyi & 
Olanrewaju, 2022). This need should be accompanied by new discoveries that are 
inexpensive, environmentally friendly, and effective to use (Bradu et al., 2022). Solar cells are 
one solution that can be used to maintain energy stability (Łysień et al., 2022). With the 
advancement of science, an optimal raw material for solar cells has been discovered, 
namely selenium (a semiconductor), which has photoconductivity properties (Alwadai et 
al., 2022). 

Semiconductor materials are materials that have properties between conductors 
and insulators (Łysień et al., 2022). A characteristic property of semiconductor materials is 
their ability to conduct electric current under certain conditions and have higher resistivity 
than conductors (P. Zhang et al., 2024). Semiconductor materials also have valence bands 
and conduction bands (Siu, 2022). Electric current can flow through semiconductor 
materials when electrons from the valence band are transmitted to the conduction band. 
When the ambient temperature increases, the electrons in the material have enough energy 
to jump to the conduction band, making the semiconductor more conductive (Rahayu, 
2022).  

Natural semiconductor materials include silicon, AlGaAs, GaN, InP, ZnSe, CdTe, and 
CIGs (Malik et al., 2010) and (A. Du et al., 2022). Silicon is a chemical element with the symbol 
Si and atomic number 14 in the periodic table of elements (Pastuszak & Węgierek, 2022). 
Silicon can be found in organic materials (Nora Dwy, 2023). Based on XRF testing, rice husks 
contain 80.4% silica (SiO2) (Aprida, 2018). Other studies confirm that the silica content in rice 
husks is greater than 80%, ranging from 87% to 97% (Sandya et al., 2019). In addition to their 
high silica content, rice husks also exhibit strong electromagnetic (EM) absorption 
(Zulpadrianto et al., 2018). 

Furthermore, due to the abundance of rice husks and their unique chemical 
properties, several researchers have conducted critical reviews of the processing and 
application of rice husks to produce various silicon-based and activated carbon materials. 
The discussion covers processing methods, the influence of various parameters on the 
pyrolysis stage, and the role of physical, chemical, and thermal treatments in the activation 
and consolidation mechanisms of activated carbon (Zulpadrianto et al., 2018). In addition, 
a flow chart illustrates the various SiO2 production pathways (Soltani et al., 2015). Further 
research relates to the physical, chemical, and morphological characteristics of rice husk 
ash and the effect of rice husk combustion conditions on these characteristics—the use of 
rice husk ash as a binding material. The use of rice husk ash has been proven to significantly 
increase the durability of concrete (Singh, 2018).  

The development of local biomass resources remains an important strategy for 
supporting sustainable energy systems, particularly in agricultural waste management. 
Rice husk waste is abundantly available and has been widely studied for its potential use in 
energy-related applications; however, previous studies have predominantly focused on its 
role as a fuel or energy source, while the fundamental material characteristics that underpin 
such applications have not been sufficiently addressed. In particular, systematic and 
quantitative investigations of the absorption and absorbance properties of rice husks, which 
are critical for assessing their functionality as an absorber material, remain limited. 
Addressing this gap is essential, as a clear understanding of these properties constitutes a 
necessary scientific basis before advancing toward direct energy conversion applications. 
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Therefore, the present study focuses on the characterization of rice husk waste as an 
absorber material by analyzing its absorption and absorbance behavior, along with relevant 
physical and chemical characteristics. By providing measurable and experimentally 
grounded insights, this study aims to contribute a foundational reference for the potential 
utilization of rice husks in future renewable energy (Tjiwidjaja & Salima, 2023) and 
sustainability-oriented applications, while indirectly supporting efforts to reduce 
agricultural waste, dependence on fossil energy, and greenhouse gas emissions (Wibowo, 
2024). 

Methods 

Laboratory experiments were conducted as part of this research (Anantasia & 
Rindrayani, 2025). This approach focuses on innovation and the development of 
technologies based on local materials that have the potential to support the development 
of renewable energy. This research uses rice husk materials. These materials were chosen 
for their abundant availability, low cost, and potential as renewable energy sources. By 
utilizing these local materials, it is hoped that solutions can be provided that are not only 
environmentally friendly but also sustainable for the community. 

The laboratory experiments used in this study referred to the steps of experimental 
research and design (Setiyo & Waluyo, 2025). The research was conducted at three 
locations: the Physics Laboratory of the Faculty of Tarbiyah and Teacher Training at UIN 
Imam Bonjol Padang, the Physics Laboratory of Padang State University, and the Chemistry 
Laboratory of UIN Sultan Syarif Kasim Riau. The locations were chosen because they had 
adequate facilities to carry out all stages of the research.  

The research stages began with a preliminary study that included a literature review 
of rice husk materials and a needs analysis (Akhter et al., 2023). This study aims to 
understand the characteristics of rice husks and their potential in renewable energy. After 
the preliminary study, the research progressed to the characterization of rice husks. This 
stage included several main steps, as follows: 

1. Carbonization is carried out at a temperature of 110 °C (Saha et al., 2023; Z. Wang et al., 
2023). The carbonized material is then activated using 1 Molar and 3 Molar HCl solutions 
(Dharmarajan et al., 2024). Activation is carried out to ensure that the material can 
support energy conversion efficiency (Wei et al., 2023). 

2. Physical and Chemical Testing: The activated material is tested using a Vector Network 
Analyzer (VNA) to measure electromagnetic wave absorption and a UV-Vis 
spectrometer to determine the energy gap. This test aims to ensure that the material’s 
chemical composition meets the standards required for renewable energy applications.  

This study employed a purely experimental, characterization-based research design 
to evaluate the intrinsic material properties of rice husk–derived carbon as an absorber 
material. Rice husk samples were cleaned, dried, and ground to a particle size of 100–200 
µm to ensure material homogeneity. Carbonization was conducted at 110 °C for 2 hours, a 
temperature selected to induce an initial structural transformation while preserving key 
organic components, as reported in previous studies of biomass-based materials. 
Chemical activation was performed with 1 M, 2 M, and 3 M hydrochloric acid (HCl) solutions, 
allowing evaluation of different activation intensities. For each condition, 20 g of carbonized 
material was immersed in the activating solution and stirred continuously for 1 hour to 
promote uniform acid–carbon interaction. The samples were then precipitated for 48 hours, 
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washed with distilled water until the pH reached 6–7, filtered, and dried at 110 °C for 2 hours 
to obtain activated carbon. 

Electromagnetic absorption characteristics were assessed by measuring the 
reflection coefficient with a Vector Network Analyzer (VNA) E5071C ENA series, operating over 
a frequency range of 9 kHz to 20 GHz. Measurements were conducted using a waveguide 
system with dimensions of 10 × 30 mm, and the activated carbon samples were molded into 
absorber specimens with a uniform thickness of 10 mm, chosen to ensure sufficient 
interaction between the incident electromagnetic waves and the absorber material. 
Complementary optical absorbance and energy gap analyses were performed using UV–
Vis spectroscopy. This methodological approach provides a controlled, reproducible 
framework for evaluating the absorption-related properties of rice husk–based materials, 
serving as a foundation for future application-oriented studies. 

Result 

Research on the potential of rice husks as renewable energy has been conducted, 
both through experimental research and literature reviews. The following is an explanation 
of the results of the research that has been carried out. 

1. Characterization of Rice Husks (RHS) 
RHS silica is a sustainable, environmentally friendly, economical, and versatile 

alternative to conventional silica sources. Among various methods of extracting silica from 
RHS, acid leaching produces silica with higher purity, while new techniques such as the 
hydrothermobaric process are specifically capable of producing high-purity nanosilica. 
(Taiye et al., 2024). Despite challenges such as limited access to high-quality rice husks and 
variations in silica content in husks, the RHS extraction method shows promising prospects 
for sustainable silica production while addressing waste management and environmental 
issues (Taiye et al., 2024).  The silica content in rice husks can be used as a natural power 
generator by transferring the heat energy produced (Steven et al., 2023). 

Special properties of silica such as surface area, size, biocompatibility, and high 
functionality (September et al., 2023). Silica production from industrial agricultural waste 
demonstrates sustainability and potential for waste reduction (September et al., 2023). 
Although considered waste, it can be a useful component for sustainable progress and 
further technological development. In green synthesis, significant efforts have been made 
to replace toxic chemicals and reduce energy consumption with the same amount and 
quality of silica. Methods for reducing silica to silicon are also discussed, with specific 
properties that have potential applications in electronic devices, as well as modern 
technologies such as batteries, supercapacitors, and solar cells (September et al., 2023). 

2. Electromagnetic Wave Absorption Capacity of Rice Husks 
Measurements of the electromagnetic wave absorption value of rice husks using a 

Vector Network Analyzer (VNA) show the ability of RHS to absorb electromagnetic waves, as 
shown in Table 1. 
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Table 1 

Results of EM wave absorption measurements of activated rice husk carbon with varying 
HCl activation agents. 

Concentration  Reflection Loss(dB) Reflection Coefficient     Absorption 

0 M -3,80 0,42 58% 

1 M -13,28 0,05 95% 

3 M -12,28 0,06 94% 

Table 1 shows the differences in carbon absorption capacity of RHS activated with 
varying concentrations of HCl. Under non-activated conditions (0 M), the reflection loss 
value was -3.80 dB with a reflection coefficient of 0.42, resulting in an energy absorption 
capacity of 58%. Activation using a 1 M HCl concentration resulted in a reflection loss of -
13.28 dB with a reflection coefficient of only 0.05. Furthermore, when the HCl concentration 
was increased to 3 M, the absorption capacity of activated carbon from RHS actually 
decreased slightly compared to the 1 M treatment. The reflection loss value was recorded at 
-12.28 dB with a reflection coefficient of 0.06. 

3. Ultraviolet Absorbance Value of Rice Husks. 
In this study, measurements were taken of the absorbance of biomass waste in the 

form of RHS that had been processed into activated carbon through an activation process 
with varying concentrations of HCl. The main purpose of these measurements was to 
determine the material's ability to absorb UV energy, particularly when tested using the UV-
Vis spectrophotometry method in the wavelength range of 200–700 nm (T. Wang et al., 
2025). High absorbance indicates the material's ability to absorb energy better (B. Wang et 
al., 2023). Thus, it has great potential to be used as a renewable and sustainable energy 
source. 

Figure 1 

Graph of RHS carbon measurement results using a UV-Vis spectrometer 

 

Measurements using a UV-Vis spectrophotometer on activated carbon derived from 
rice husks (RHS) with varying HCl activation showed differences in absorbance patterns in 
the 200–700 nm wavelength range. The three curves obtained illustrate the differences in 
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material characteristics based on the chemical treatment applied. The sample without 
activation (X0) is shown by the green curve, 1 M HCl activation (X1) by the red curve, while 3 
M HCl activation (X2) is illustrated by the blue curve. In general, it can be observed that the 
unactivated sample shows the highest absorbance value, with a peak approaching 0.20 at 
a wavelength of around 300 nm. This indicates that RHS has natural functional groups, such 
as silica and organic compounds, which are still quite dominant in absorbing ultraviolet light 
energy. Meanwhile, the activated samples show a lower absorbance pattern, indicating a 
significant change in the material structure. This difference provides an initial indication that 
chemical activation plays an important role in changing the optical properties of activated 
carbon, as well as affecting its ability to absorb light and electromagnetic waves. 

The RHS sample activated with 1 M HCl (X1) showed a relatively low absorbance value 
compared to the other two samples, with a maximum of only about 0.09. This indicates that 
the chemical activation process was able to dissolve impurities and remove most of the 
functional groups that initially contributed to the absorbance. With the reduction of these 
light-absorbing groups, the pore structure of the activated carbon becomes more open and 
regular. The decrease in absorbance does not mean that the material loses its overall 
absorptive capacity, but rather indicates an improvement in optical properties towards a 
more stable condition for non-optical applications. 1 M activation can be considered the 
optimum condition for forming the character of RHS activated carbon. Although its 
absorbance is low, this is closely related to the increase in surface area and pore regularity, 
which are more conducive to absorbing electromagnetic waves. Therefore, this significant 
change not only shows the effect of dissolution but also the process of engineering the 
internal structure of the material, leading to better performance in the context of renewable 
energy. 

In the RHS sample with 3 M HCl activation (X2), the absorbance value was between 
the two previous conditions, with a peak of around 0.14. Although the result was lower than 
the sample without activation, the higher absorbance compared to 1 M activation indicated 
a balance between impurity dissolution and excessive erosion of the pore structure. Too high 
a concentration of HCl can damage part of the pore walls, thereby reducing the regularity 
of the material structure. However, the absorbance value, which is still quite significant, 
indicates that samples with 3 M activation still retain the ability to absorb large amounts of 
light energy. Overall, these UV-Vis measurement results show a trend that chemical 
activation with HCl has a significant effect on the optical properties of RHS activated carbon, 
with a concentration of 1 M providing the most stable conditions. The changes in absorbance 
values shown by the curve not only reflect optical properties but are also related to the 
material's ability to absorb non-optical energy, including electromagnetic waves. Thus, this 
study supports the idea that RHS waste can be developed as a sustainable renewable 
energy material through appropriate chemical activation processes. 

Discussion 

The use of rice husk biomass as a raw material for activated carbon for renewable 
energy applications reflects a sustainable, economical, and environmentally friendly 
approach (Akhter et al., 2023). Indonesia, as an agricultural country, produces millions of 
tons of rice husk waste every year (Wahditiya et al., 2025). Rice husks are a by-product of 
rice milling, accounting for 20% of the weight of paddy rice, which has been mostly 
discarded or used only as traditional solid fuel (Ramírez et al., 2024). Characterization of the 
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physical and chemical properties of this biomass provides an in-depth picture of its 
potential as a renewable energy material (Arshad & Moin, 2025). 

In the current development of science and technology, the issues of renewable 
energy and sustainability are becoming a major concern, along with the depletion of fossil 
fuel reserves and the negative impact of their use on the environment. One solution that has 
been widely studied is the use of biomass waste as a raw material to produce functional 
materials with high added value (Kammen, 2006). The silica and activated carbon content 
of this waste has a large pore structure, making it effective as an electromagnetic wave 
absorber (Zulpadrianto et al., 2018).  

Table 1 data shows the difference in carbon absorption capacity of RHS activated 
with varying concentrations of HCl. Under non-activated conditions (0 M), the reflection loss 
value only reached -3.80 dB with a reflection coefficient of 0.42, resulting in an energy 
absorption capacity of 58%. This value indicates that activated carbon from RHS that has 
not undergone chemical treatment still has limited porosity and surface area, making it less 
effective at absorbing waves. This shows that the chemical activation process with HCl plays 
an important role in improving the absorption quality of activated carbon. 

Activation treatment using 1 M HCl concentration significantly improves the 
absorption capacity of activated carbon. Under these conditions, reflection loss reaches -
13.28 dB with a reflection coefficient of only 0.05, which means that almost all waves are 
absorbed. The absorption percentage reaches 95%, which is much higher than samples 
without activation. These results indicate that the use of a 1 M HCl concentration for RHS 
activation can increase EM wave absorption by 37%. 

Interestingly, when the HCl concentration was increased to 3 M, the absorption 
capacity of activated carbon from RHS actually decreased slightly compared to the 1 M 
treatment. The reflection loss value recorded was -12.28 dB with a reflection coefficient of 
0.06, and the absorption percentage decreased to 94%. Although this value is still relatively 
high, the results show that too high a concentration of HCl can cause damage to some of 
the activated carbon pore structure, thereby reducing its absorption effectiveness. 

In the non-activated condition, the relative low absorption of RHS EM waves is caused 
by the limitations of natural porosity and the presence of impurities in the material. However, 
after activation treatment with HCl, there was a significant increase in energy absorption 
capacity (Shahcheragh et al., 2023). This can be seen from the decrease in the reflection 
coefficient value and the increase in the absorption percentage value of activated carbon. 
Activation with a certain concentration of HCl, specifically 1 M, proved to be the optimum 
point that produced activated carbon with the highest absorption capacity when compared 
to activation using 3 molar HCl. This condition indicates that chemical treatment can 
effectively improve the pore structure of biomass material (Yin et al., 2023). With increased 
material porosity, its ability to absorb electromagnetic wave energy is enhanced (J. Du et 
al., 2023). Activated carbon produced from RHS after undergoing activation treatment using 
HCl solutions with varying concentrations shows potential as an energy source (Arshad & 
Moin, 2025). 

Furthermore, when measurements were taken using UV-Vis at wavelengths of 200-
700 nm (UV light), the results showed differences in absorbance values for each sample with 
different activator concentrations. RHS showed a tendency for increased absorbance at 
certain concentrations, although there were variations in the absorption peaks 
characteristic of each material. This indicates that the pore structure, surface area, and 
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activated carbon content produced are greatly influenced by the concentration of the 
activating agent used (Rianto et al., 2019). 

Conclusion  

Based on the results of this study, it can be concluded that rice husk waste exhibits 
favorable absorption and absorbance properties in the microwave and ultraviolet regions, 
indicating its potential as a functional absorber material for renewable energy–related 
applications. Among the investigated activation conditions, chemical activation using HCl 
at a concentration of 1 M provided the optimum performance, as reflected by enhanced 
electromagnetic wave absorption and more stable optical absorbance characteristics 
compared to higher acid concentrations. These findings confirm that controlled activation 
plays a crucial role in tailoring the absorber properties of rice husk–derived carbon. While 
the observed absorption behavior suggests potential applicability in energy conversion–
supporting components (Jung & Hull, 2023), such as electromagnetic absorbers (Steven et 
al., 2023) and photovoltaic-related materials (Z. Zhang et al., 2023), the present study is 
limited to material characterization and does not directly assess energy generation 
performance (Jung & Hull, 2023). Future research should therefore focus on thickness- and 
frequency-dependent absorption analysis, long-term material stability, and integration of 
rice husk–based absorbers into prototype energy devices to further validate their practical 
potential. 
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