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The increasing global energy demand and environmental concerns have 
intensified the search for sustainable alternative fuels. Rice husk, an 
abundant agricultural by-product in rice-producing countries, has attracted 
growing attention as a promising biomass resource. However, previous 
studies have mainly focused on technical conversion processes, while 
limited research has systematically examined publication trends and 
thematic developments in this field. Therefore, this study aims to analyze 
global research trends on rice husk biomass as an environmentally friendly 
alternative fuel using a bibliometric approach. Data were collected from 
the Scopus database covering publications from 2020 to 2026 using 
relevant keywords related to rice husk biomass and renewable energy. The 
data were analyzed using VOSviewer and Microsoft Excel to identify 
publication growth, dominant journals, collaboration networks, and 
keyword trends. The results show a significant increase in publications, 
reaching a peak in 2024, with Renewable Energy as the leading publication 
source. Keyword co-occurrence analysis revealed major themes such as 
biofuels, pyrolysis, combustion, and emission control. Thematic mapping 
indicates that combustion efficiency and thermal performance remain core 
research topics, while pelletizing and environmental assessment are 
emerging themes. This study provides insights into research directions and 
highlights the importance of technological innovation, efficiency 
improvement, and sustainability assessment to enhance rice husk 
utilization as a renewable energy source. 
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1. INTRODUCTION 
 The global energy crisis, rising fossil fuel prices, and increasing environmental concerns have 
encouraged many countries to accelerate the transition toward renewable energy sources. Fossil fuel 
dependence not only threatens long-term energy security but also contributes significantly to greenhouse 
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gas emissions and climate change(Harahap, Nasution, and ... 2020). Therefore, developing sustainable and 
environmentally friendly alternative energy sources has become a global priority(Mesin et al. 2021). 
 Among renewable energy resources, biomass has gained considerable attention due to its 
abundance, renewability, and relatively carbon-neutral characteristics(Hasrudy Siregar et al. 2022; 
Madhubashani et al. 2021). In agricultural countries such as Indonesia, agricultural residues represent an 
important biomass resource with significant energy potential. One of the most abundant agricultural wastes 
is rice husk, a by-product of rice milling that accounts for approximately 20–30% of total rice grain 
weight(Surahmanto et al. 2023). 
 Indonesia is one of the largest rice-producing countries in the world, generating millions of tons 
of rice husk annually. However, a large portion of this residue remains underutilized or is disposed of 
through open burning, causing environmental pollution and wasting potential energy resources. This 
condition creates opportunities to convert rice husk into value-added renewable fuel products(Budiyono et 
al. 2023). 
 Rice husk possesses favorable fuel characteristics, including lignocellulosic composition, wide 
availability, and calorific values ranging from 13–16 MJ/kg. It can be converted into useful energy through 
combustion, gasification, pyrolysis, briquetting, and pelletizing technologies(Siregar, Siregar, and Effendi 
2021). However, several challenges remain, such as high ash content, low bulk density, conversion 
efficiency limitations, and emission concerns. 
 Previous studies have primarily focused on technical performance and conversion technologies. 
However, limited studies have comprehensively mapped global research trends, publication growth, 
collaboration networks, and emerging themes related to rice husk biomass utilization. This indicates a 
research gap in understanding the scientific development of this topic from a bibliometric 
perspective(Khamis et al. 2026). 
 Therefore, this study aims to conduct a bibliometric analysis of rice husk biomass research 
published in the Scopus database from 2020 to 2026. This study contributes by identifying publication 
trends, leading journals, collaboration patterns, and future research opportunities to support sustainable 
biomass energy development. 
 
 
2. METHOD 
 The research method used in this study is a bibliometric method with a quantitative descriptive 
approach. This approach was chosen to systematically analyze the development of scientific publications 
related to the potential of rice husk biomass as an environmentally friendly alternative fuel. The bibliometric 
method allows for the identification of research patterns, scientific collaborations, and topic trends based 
on quantitative data from the scientific literature(Duque-Acevedo et al. 2022; Khamis et al. 2026). The 
primary data source was obtained from the Scopus database, an internationally reputable database with 
extensive coverage of scientific publications. The data used was limited to journal articles published 
between 2020 and 2026 to ensure the novelty and relevance of the research. The search process was 
conducted using a combination of keywords such as "biomass," "rice husk," "renewable energy," 
"bioenergy," and "agricultural waste" with the help of Boolean operators (AND, OR) to obtain specific and 
focused results. 
 The data collection technique involved several stages: identification, screening, and selection of 
articles. In the identification stage, all documents relevant to the keywords were collected from Scopus. 
Next, a screening process was conducted based on inclusion criteria, including document type (journal 
article), language (English), and topic relevance to the research focus. Duplicate or irrelevant articles were 
eliminated to maintain data validity. After the selection process, the data was exported in CSV or RIS 
format to facilitate further analysis. This study used VOSviewer software to visualize the bibliometric 
network and Microsoft Excel to process descriptive data, such as publication distribution, keyword 
frequency, and author and institutional contributions. 
 Data analysis was conducted using several key techniques: co-authorship analysis to identify 
collaboration patterns among researchers, keyword co-occurrence analysis to uncover dominant themes and 
interrelationships between topics, and citation analysis to assess the influence and contribution of 
publications in the field. Furthermore, research trend analysis was conducted to observe the development 
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of the number of publications and the evolution of topics over time. The overall research process included 
keyword selection, data collection from Scopus, article screening and selection, data extraction, analysis 
using VOSviewer and Excel, and network visualization and interpretation of results. This process ensures 
that the research results provide a comprehensive overview of the development of rice husk biomass 
research as an alternative energy source. 
 
 
3. RESULTS AND DISCUSSION 

1. Most Relevant Sources 
To understand how scientific publication trends in rice husk biomass are evolving, it is important 

to first identify the most active and influential journal sources. This analysis provides an overview of the 
primary channels for research dissemination and identifies the dominant scientific centers in the field of 
biomass-based renewable energy(Geethakarthi 2021). 
 

Figure 1. Most Relevant Sources 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Most Relevant Sources 
 

Based on this visualization, the Renewable Energy journal is the most dominant publication source 
with the highest number of documents(Sasongko et al. 2024). This indicates that the journal has a strong 
focus on renewable energy issues, including biomass. Furthermore, the presence of proceedings such as the 
AIP Conference Proceedings and the IOP Conference Series indicates that research developments are also 
frequently presented in scientific forums. Other journals, such as the Journal of Cleaner Production, indicate 
the link between biomass and environmental sustainability issues. This distribution demonstrates that 
biomass research is interdisciplinary and spread across various reputable scientific platforms(Cho et al. 
2025). 

To gain a more comprehensive understanding of the distribution of scientific publications in the 
field of rice husk biomass, it is necessary to identify the most active and significantly contributing journal 
sources(Stefanelli et al. 2023). This analysis is essential for identifying centers of knowledge dissemination 
and journals with a strong focus on biomass-based renewable energy development. The results of the data 
processing are then presented in the following table. 
 

Table 1. Top Publication Sources on Rice Husk Biomass Research 
NO Journal Source Number of 

Documents 
1 Renewable Energy 10 
2 AIP Conference Proceedings 6 

https://doi.org/10.31949/j-ensitec.v12i02.18019


 J-ENSISTEC (Journal of Engineering and Sustainable Technology) 
 Vol. 12|No. 02 June 2026 

ISSN : 2477-359X (Online) 
ISSN: 2407-6007 (Print) 

 

 

DOI: https://doi.org/10.31949/j-ensitec.v12i02.18019  
Computer Science | Industrial Engineering | Mechanic Engineering | Civil Engineering 

10492 

3 IOP Conference Series: Earth and Environmental Science 5 
4 Journal of Cleaner Production 4 
5 Energy Sources, Part A: Recovery, Utilization and Environmental Effects 3 
6 Biomass and Bioenergy 3 
7 Sustainability (Switzerland) 2 
8 Energy Reports 2 
9 Renewable and Sustainable Energy Reviews 2 

10 Materials Today: Proceedings 2 
 
The following table shows that the Renewable Energy journal is the most dominant publication 

source with the highest number of documents. This indicates that the journal plays a strategic role in 
disseminating research related to renewable energy, particularly biomass(Jagnade and Panwar 2024). 
Furthermore, the presence of proceedings such as the AIP Conference Proceedings and the IOP Conference 
Series indicates that research development is also encouraged through international scientific forums. 
Journals such as the Journal of Cleaner Production and Biomass and Bioenergy reflect the integration of 
energy and environmental sustainability. Overall, this distribution demonstrates that rice husk biomass 
research is developing multidisciplinary and is spread across various reputable scientific 
platforms(Srivastava et al. 2023). 
 

2. Documents by Year 
In addition to publication sources, the dynamics of research development can also be observed 

through trends in the number of publications over time. This analysis is important to determine the extent 
to which the topic of rice husk biomass is gaining or losing attention in the global scientific community. 

 
Figure 2. Annual Publication Trends (2022–2026) 

 
The graph shows an increase in the number of publications from 2022 to a peak in 2024. This 

reflects growing interest in biomass energy as an alternative solution amid the global energy crisis. 
However, after this period, there is a decline in 2025 and 2026, likely influenced by limited recent data or 
a change in research focus(Wu et al. 2025). Overall, this trend confirms that biomass research is still in its 
developing phase and remains relevant for further study. 
 

3. Network Visualization (Co-occurrence Keywords) 

https://doi.org/10.31949/j-ensitec.v12i02.18019
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To gain a deeper understanding of the scientific structure of biomass research, an analysis of the 
relationships between the concepts used by researchers is necessary(Xu et al. 2026). These relationships 
can be identified through the appearance of associated. keywords in various scienti publications. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Keyword Co-occurrence Network 
 

The visualization shows that "biomass" is the main hub in the research network, with strong links 
to keywords such as "biofuels," "pyrolysis," and "fuels." This indicates that the primary research focus lies 
on biomass energy conversion processes. Furthermore, links to keywords such as "emission control" and 
"air quality" indicate a concern for environmental impacts. The resulting clusters reflect the existence of 
several research subfields developing in parallel, such as conversion technology and environmental 
aspects(Przybyla and Nadaleti 2023; Siregar et al. 2024). 

To understand the conceptual structure of rice husk biomass research, an analysis of the 
interrelationships between keywords used in scientific publications is necessary. This analysis aims to 
identify key themes and the relationships between emerging research topics. The results of the co-
occurrence analysis are then summarized in the following table to provide a more structured overview. 
 

Table 2. Most Frequent Keywords in Rice Husk Biomass Research 
No Keywords Frequency (Occurrence) Description 
1 Biomass High Main research topic 
2 Biofuels High Biomass energy conversion 
3 Pyrolysis High Biomass processing technology 
4 Fuels Medium Energy application 
5 Pelletizing Medium Fuel quality improvement 
6 Combustion Medium Combustion process 
7 Emission Control Medium Environmental impact 
8 Air Quality Low–Medium Environmental quality 
9 Carbon Monoxide Low Gas emissions 

10 Agricultural Waste Medium Biomass source 
 

The table above shows that the keyword "biomass" is the primary focus of research, indicating 
that the focus of studies is still oriented towards the use of biomass as an energy source(Le et al. 2022). The 
strong association with keywords such as "biofuels" and "pyrolysis" indicates that much research is directed 
at energy conversion technologies. Furthermore, the emergence of keywords such as "emission control" 

https://doi.org/10.31949/j-ensitec.v12i02.18019
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and "air quality" indicates a growing concern about the environmental impacts of biomass use. Therefore, 
it can be concluded that research in this field focuses not only on technical aspects but also encompasses 
broader sustainability and environmental dimensions(Przybyla and Nadaleti 2023). 
 

4. Country Collaboration Map 
Research development is inseparable from contributions and collaboration between countries. 

Therefore, analyzing geographic distribution is crucial for identifying countries that are actively 
participating and patterns of international cooperation in biomass research. 

 
Figure 4. Country Collaboration Map 

 
The map shows that countries such as China, India, and Indonesia have made significant 

contributions to biomass research. This is closely related to the availability of biomass resources in these 
countries. Furthermore, cross-regional collaboration is evident, particularly between Asia, Europe, and 
Africa. This collaboration reflects the fact that biomass research is a global issue that requires synergy 
between countries in technology development and implementation(Pueyo 2026). 
 

5. Thematic Map 
To understand the direction and position of the development of research topics, a thematic 

mapping is needed that is able to group the main issues based on their level of importance and maturity in 
the scientific literature. 
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Figure 5. Thematic Map of Research Topics 

The thematic map shows that topics like "combustion" and "thermal efficiency" fall into the motor 
themes category, meaning they are highly developed and play a significant role in research. Meanwhile, 
"briquettes" and "calorific value" fall into the basic themes category, which serve as the foundation for 
research but still require further development. Themes like "gasification" fall into the niche themes 
category, which are specific but well-developed. Meanwhile, "biomass" and "pelletizing" fall into the 
emerging or declining themes category, indicating potential new trends or declining interest. This mapping 
provides a strategic overview of the future direction of biomass research(Kole et al. 2022). 
 
 

4. CONCLUSION 
 This study analyzed the development of global research on rice husk biomass as an environmentally 
friendly alternative fuel using a bibliometric approach. The results indicate a significant increase in scientific 
publications, particularly during the 2022–2024 period, reflecting the growing international interest in 
renewable energy solutions based on agricultural biomass. Renewable Energy was identified as the most 
dominant publication source, showing that this topic has gained strong attention within the field of 
sustainable energy research. 
 Furthermore, keyword network analysis revealed that the major research focus is concentrated on 
biomass conversion technologies such as pyrolysis, combustion, and biofuels, along with increasing 
attention to environmental aspects such as emission control and air quality. Thematic mapping also showed 
that combustion efficiency and thermal performance remain central themes, while pelletizing, briquetting, 
and environmental assessment have emerged as promising future research areas. International collaboration 
among countries such as China, India, and Indonesia demonstrates that rice husk biomass research has 
broad global relevance, particularly in countries with strong agricultural sectors. 
 The scientific contribution of this study lies in providing a comprehensive overview of publication 
trends, research hotspots, collaboration patterns, and thematic evolution in rice husk biomass studies. These 
findings can serve as a strategic reference for researchers, policymakers, and industry stakeholders in 
developing sustainable biomass energy programs. Future studies are recommended to focus on techno-
economic feasibility analysis, life cycle assessment, emission reduction technologies, supply chain 
optimization, and pilot-scale implementation to enhance the practical utilization of rice husk biomass as a 
competitive renewable energy source. 
 
ACKNOWLEDGEMENTS 
 The authors would like to express their sincere gratitude to Al-Azhar University Medan for 
providing academic support and research facilities. We also thank all parties who contributed to the 
completion of this study, especially those who assisted in data collection and analysis. This research did 
not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors. 
 
REFERENCES 
[1] Budiyono, B., H. H. A. Matin, I. Y. Yasmin, and I. S. Priogo. 2023. “Effect of Pretreatment and C/N Ratio in Anaerobic 

Digestion on Biogas Production from Coffee Grounds and Rice Husk Mixtures.” International Journal of Renewable Energy 
Development 12(1):209–15. https://doi:10.14710/ijred.2023.49298. 

[2] Cho, Y., S. H. Lee, Y. Park, T. Chen, K. S. Lee, S. E. Park, O. S. Jeon, D. Hong, Y. P. Jeon, Y. J. Yoo, S. Y. Park, and Y. 
Piao. 2025. “A Rice Husk-Derived SiOx/C Composite for Effective Lithium-Sulfur Battery Separator Modification.” 
Nanoscale 17(20):12950–62. https://doi:10.1039/d4nr05435k. 

[3] Duque-Acevedo, M., I. Lancellotti, F. Andreola, L. Barbieri, L. J. Belmonte-Ureña, and F. Camacho-Ferre. 2022. 

https://doi.org/10.31949/j-ensitec.v12i02.18019


 J-ENSISTEC (Journal of Engineering and Sustainable Technology) 
 Vol. 12|No. 02 June 2026 

ISSN : 2477-359X (Online) 
ISSN: 2407-6007 (Print) 

 

 

DOI: https://doi.org/10.31949/j-ensitec.v12i02.18019  
Computer Science | Industrial Engineering | Mechanic Engineering | Civil Engineering 

10496 

“Management of Agricultural Waste Biomass as Raw Material for the Construction Sector: An Analysis of Sustainable and 
Circular Alternatives.” Environmental Sciences Europe 34(1). https://doi:10.1186/s12302-022-00655-7. 

[4] Geethakarthi, A. 2021. “Novel Approaches towards Sustainable Management of an Agricultural Residue-The Rice Husk.” 
Nature Environment and Pollution Technology 20(1):349–55. https://doi:10.46488/NEPT.2021.V20I01.040. 

[5] Harahap, U. N., R. H. Nasution, and ... 2020. “Energi Murah Dan Kreatif Dengan Sampah Industri.” Prioritas: Jurnal … 
(70):21–26. 
https://www.jurnal.harapan.ac.id/index.php/Prioritas/article/view/212%0Ahttps://www.jurnal.harapan.ac.id/index.php/Priorit
as/article/download/212/130. 

[6] Hasrudy Siregar, Zufri, Riana Puspita, Muhammad Fazri, Muji Trisilo, Rosendra Ikhwan, Simon Petrus Simorangkir, Kota 
Kisaran Timur, and Sumatra Utara. 2022. “Ahmad Yani, Kisaran Naga, Kec. Kota Kisaran Timur, Kisaran, Sumatra Utara 2,3 
Teknik Industri, Fakultas Teknik Dan Komputer.” Jln. Sosial Km 5 Jl. Sosial No 2(2):2022–2808. 

[7] Jagnade, P., and N. L. Panwar. 2024. “Kinetic and Thermogravimetric Analysis of Rice Husk and Its Derived Biochar.” Letters 
in Applied NanoBioScience 13(2). https://doi:10.33263/LIANBS132.086. 

[8] Khamis, M. S., N. I. A. Roslan, T. Selvam, N. M. M. Abd Rahman, W. A. A. Q. I. Wan-Mohtar, A. S. Saufi, N. L. Syahirah 
Mustapa, M. S. Osman, N. A. S. Feisal, N. H. Kamaludin, and T. N. B. Tengku Ibrahim. 2026. “Functional Bioplastics from 
Agricultural Wastes: Precursor Engineering, Composite Strategies, and Sustainable Packaging Performance.” Bioresource 
Technology 445. https://doi:10.1016/j.biortech.2026.134082. 

[9] Kole, A. T., B. A. Zeru, E. A. Bekele, and A. V Ramayya. 2022. “Design, Development, and Performance Evaluation of Husk 
Biomass Cook Stove at High Altitude Condition.” International Journal of Thermofluids 16. 
https://doi:10.1016/j.ijft.2022.100242. 

[10] Le, T. M., U. P. N. Tran, Y. H. P. Duong, Q. D. Nguyen, V. T. Tran, P. T. Mai, and P. K. Le. 2022. “Sustainable Bioethanol 
and Value-Added Chemicals Production from Paddy Residues at Pilot Scale.” Clean Technologies and Environmental Policy 
24(1):185–97. https://doi:10.1007/s10098-021-02097-w. 

[11] Madhubashani, A. M. P., D. A. Giannakoudakis, B. M. W. P. K. Amarasinghe, A. U. Rajapaksha, P. B. T. Pradeep Kumara, 
K. S. Triantafyllidis, and M. Vithanage. 2021. “Propensity and Appraisal of Biochar Performance in Removal of Oil Spills: A 
Comprehensive Review.” Environmental Pollution 288. https://doi:10.1016/j.envpol.2021.117676. 

[12] Mesin, Teknik, Fakultas Teknik, Universitas Asahan, Jalan Jend, Ahmad Yani, Kisaran Naga, Kisaran Tim, and Sumatera 
Utara. 2021. “Deputi,+1.+GREEN+TEKNOLOGI+hal.%5B1-5%5D.” 1(1):1–5. 

[13] Przybyla, G., and W. C. Nadaleti. 2023. “Emissions and Efficiency of Pure CO and H2-Rich Simulated Gases Combustion 
with Peach and Rice Biomasses Syngas Characteristics: A Renewable Energy Pathway for the Agroindustrial Sector in Rio 
Grande Do Sul, Brazil.” Energy Conversion and Management 282. https://doi:10.1016/j.enconman.2022.116375. 

[14] Pueyo, C. D. R. 2026. “Continuous-Flow Rice Husk Gasification for Small-Scale Bakery Operations.” Journal of Solid Waste 
Technology and Management 52:244–55. https://doi:10.5276/jswtm/iswmaw/521-2/2026.244. 

[15] Sasongko, N. A., M. L. D. Wardani, N. G. Putra, E. Hilmawan, G. A. Pertiwi, N. S. Laili, N. Ariyanto, T. Handayani, M. 
Anda, and D. Goodfield. 2024. “Biomass Co-Firing in Coal Power Plants: Analyzing Combustion Characteristics and Emission 
Reductions.” Evergreen 11(4):3576–94. https://www.scopus.com/pages/publications/85213678729?origin=resultslist. 

[16] Siregar, Zufri H., San L. Siregar, and Andre Effendi. 2021. “From the Experimental Results of Briquettes Using a Portable.” 
Jurnal Vorteks 02(02):115. 

[17] Siregar, Zufri Hasrudy, Arif Fadillah Nasution, Muhammad Fazri, Refiza Refiza, Riana Puspita, Husni Thamrin, and Asmara 
Sari Nasution. 2024. “The Effect of Fuel Mixture Composition on Gasoline.” Jurnal Ilmiah Teknik Mesin, Industri, Elektro,an 
Sipil 05(02):394–402. https://doi:10.54123/vorteks.v5i2.389. 

[18] Srivastava, N., R. Singh, I. Ahmad, M. Asiri, S. C. Tripathi, A. K. Rai, P. K. Mishra, and V. K. Gupta. 2023. “Biologically 
Derived Copper Oxide-Based Nanocatalyst Using Moringa Oleifera Leaves and Its Applications in Hydrolytic Enzymes and 
Biohydrogen Production.” Bioresource Technology 376. https://doi:10.1016/j.biortech.2023.128847. 

[19] Stefanelli, E., S. Vitolo, N. Di Fidio, and M. Puccini. 2023. “Tailoring the Porosity of Chemically Activated Carbons Derived 
from the HTC Treatment of Sewage Sludge for the Removal of Pollutants from Gaseous and Aqueous Phases.” Journal of 
Environmental Management 345. https://doi:10.1016/j.jenvman.2023.118887. 

[20] Surahmanto, F., A. A. P. Susastriawan, S. S. Rahayu, and B. W. Sidharta. 2023. “Performance and Sustainability Evaluation 
of Rice Husk-Powered Dryer under Natural and Forced Convection Mode.” Engineering and Applied Science Research 
50(6):626–32. doi:10.14456/easr.2023.65. 

[21] Wu, L., S. Guan, W. Si, B. Zhou, J. Wang, S. Guo, G. Zhu, M. Wang, G. J. Hong Melvin, H. Ogata, J. Ortiz-Medina, M. 
Tanemura, Y. A. Kim, M. Terrones, M. Endo, and Z. Wang. 2025. “Rational Design of High-Efficiency Interfacial Solar 
Evaporator with Low Evaporation Enthalpy Based on Biomass-Derived Materials and Silica Aerogel.” Separation and 
Purification Technology 362. https://doi:10.1016/j.seppur.2025.131736. 

[22] Xu, Y., X. Ye, X. Guan, Y. Ruan, L. Zhang, and X. Hu. 2026. “A Study on Optimizing Lignocellulosic Biomass Pelletizing 
Process under the Coupling Effect of Multiple Factors.” Biomass and Bioenergy 207. 
https://doi:10.1016/j.biombioe.2025.108698. 

 
 
 
 

https://doi.org/10.31949/j-ensitec.v12i02.18019

