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Abstract -- Bioenergy conversion technology plays a crucial role in 

addressing global energy challenges by converting biomass into usable 
energy, such as electricity, heat, and biofuels. Although the volume of 

research in this field continues to grow rapidly, a comprehensive analysis 

of trends, knowledge structure, and contributions of key actors is still 

scarce. Through a bibliometric analysis utilizing data from scientific 
databases, this study reveals publication patterns, journals, and influential 

contributors, including authors, institutions, and countries. Furthermore, 

this study maps the H-index, generates a word cloud to identify core 

themes, and explores the thematic structure and emerging research areas. 
Further analysis was conducted using a three-field plot based on 

keywords, publication sources, and country of origin to understand 

research dynamics. These findings offer crucial insights into the evolution 

of bioenergy research, identify knowledge gaps, and open opportunities 
for cross-disciplinary collaboration to drive innovation and support global 

sustainability. 
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I.  INTRODUCTION 

A.  Background 

The increasing demand for sustainable energy sources has spurred significant attention toward bioenergy 

conversion technologies [1,2]. These technologies function to convert biomass into usable forms of energy, 

such as electricity, heat, and biofuels, which are essential in facing global energy challenges. Bioenergy is 

recognized as a renewable and environmentally friendly energy source, thereby contributing to the 

reduction of greenhouse gas emissions and climate change mitigation [3]. Rapid advancements in bioenergy 

conversion technology, from biochemical to thermochemical processes, have resulted in extensive 

academic and industrial research. However, a systematic analysis is needed to understand the trends, main 

focuses, and future opportunities of this continuously evolving knowledge. 

Bibliometric analysis, as a quantitative approach to reviewing academic literature, offers an effective 

tool for mapping the research landscape of bioenergy conversion technology [4]. By analyzing publication 

trends, citation networks, and major contributions, bibliometric studies provide insights into the evolution 

of this field and help identify knowledge gaps. This analysis is crucial for guiding future research, driving 

innovation, and aligning scientific efforts with global energy sustainability goals [5]. 

B.  Rumusan Masalah 

Although research on bioenergy conversion technology continues to grow rapidly, there is still a lack of 

comprehensive understanding regarding the main trends, knowledge structure, and future direction in this 

field. Researchers and policymakers often face challenges in identifying the most influential studies, key 

contributors, and core thematic areas. This lack of insight can lead to fragmented research efforts, 

duplication of work, and missed opportunities for cross-disciplinary collaboration [6]. 

To address these challenges, a bibliometric analysis is required to systematically review the existing 

literature on bioenergy conversion technology. This study aims to provide a comprehensive overview of 

the field, reveal important research themes, and propose directions for future exploration. Thus, this 

research aims to bridge the gap between existing knowledge and the urgent need for innovative bioenergy 

solutions [7].  
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C.  Research Objectives 

This study aims to conduct a bibliometric analysis of bioenergy conversion technology with the 

following objectives: 

 

• Identify publication trends and patterns in bioenergy conversion technology research over time. 

 

• Identify leading journals that have published research in this field.x` 

 

• Analyze the most influential authors, institutions, and countries in this domain. 

 

• Map the H-index and Word Cloud of published journals. 

 

• Map the thematic structure of research, including core topics and emerging areas. 

 

• Conduct a three-field plot analysis based on keywords, sources, and countries. 

 

This study focuses on peer-reviewed articles, conference proceedings, and reviews published in 

reputable journals and databases. The analysis encompasses research on various bioenergy conversion 

technologies, including biochemical methods (e.g., fermentation, anaerobic digestion), thermochemical 

methods (e.g., pyrolysis, gasification), and hybrid approaches. Using bibliometric tools and software, this 

study evaluates key metrics such as citation counts, keyword occurrences, and collaboration networks. The 

scope of the research is global, reflecting the international nature of bioenergy research and its implications 

for sustainable development [8]. 

II.  METHOD 

A quantitative research approach was employed, using keywords such as bioenergy, energy conversion, 

and technology as the foundational aspects of the study [9]. A detailed PRISMA method was applied, as 

illustrated in Figure 1, to ensure a structured and systematic data screening process aligned with the 

keywords. This approach ensures scientifically valid and high-quality results while assessing the influence 

of the journals. Bibliometrics was deemed a suitable instrument for this purpose [10]. 

 

In addition to providing a comprehensive overview of the intellectual, conceptual, and social framework 

of the subject, the methodology used in this paper enhances the relevance of the research. Furthermore, this 

study employs a systematic literature review combined with bibliometric analysis to present quantitative 

data from various journal articles discussing the use of renewable energy in the context of bioenergy [1,11–

13]. 

 

The systematic literature review conducted in this study aims to identify research related to biomass, 

bioenergy, technology, and energy conversion from Scopus databases. The retrieved data were then 

processed using bibliometric analysis with the assistance of R Studio's Biblioshiny application, which 

enables researchers to map and visualize topics and subtopics related to bioenergy challenges, technology, 

and energy conversion. The articles analyzed in this review were obtained from the Scopus database, 

allowing for analysis using the Bibliometrix and Biblioshiny packages [14]. These databases enable the 

extraction of bibliographic metadata, including authors, keywords, publication year, article sources, main 

topics reviewed, key findings, and citations, as well as impact metrics such as H-index, word clouds, 

thematic maps, and three-field plots [15].  
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Figure 1. PRISMA Flowchart for Literature Search and Data Extraction 

III.  RESULT AND DISCUSSION 

 

A.  Literature Search Result 

The increasing global discussion on bioenergy is illustrated in Figure 2, which shows the total number 

of articles collected from 2019 to 2024 using the keywords Bioenergy, Technology, and Energy Conversion 

[1,12,16]. The graph indicates that 2021 saw the highest number of publications, followed by a decline in 

2022 and a gradual increase in 2023 and 2024 [17]. 

 
Figure 2. Published Articles 
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The journals focusing on energy conversion are presented in Figure 3. The collection of journals 

publishing articles on bioenergy, technology, and conversion [18] shows that the journal Energies published 

the most articles, with 15 documents. This was followed by Sustainability and Biomass and Bioenergy, 

which were also major sources with over 8 documents each. Other journals such as Heliyon, Journal of 

Cleaner Production, and Biomass Conversion and Biorefinery also contributed a number of articles, though 

fewer than the top three. Other sources like Journal of Physics: Conference Series, Catalysts, Energy 

Reports, and Fuel had smaller contributions but remained relevant to the research topic. 

 
Figure 3. Journal Sources 

   

A review of the collected journals was conducted to identify key findings, along with publication years 

and total citations, as explained in Table 1. The table provides an overview of journals analyzed from 2019 

to 2024 using the keywords bioenergy, technology, and conversion. The collected articles were reviewed 

based on their main topics and abstracts to identify key research points, along with publication years and 

citation counts [4,9,19]. 

 
TABLE I.  

Review of Article Main Topics and Important Findings 

Article 

Review 

Code 

Review Main Topic Publication 

Year 

Total 

Citation 

Important Findings 

[20] Analysis of the impact of 

technology in bioenergy 

processing 

2021 36 Optimization of BMW to calculate categories and 

indicators for consistent and reliable comparisons. The 

highest positive impact was achieved using 

fermentation and anaerobic digestion systems. 

[21] Bioenergy technology for 

agricultural residues using a 

Pythagorean fuzzy 

discrimination-based 

approximation approach 

2021 29 Conversion of agricultural residues (ARs) into energy 

supports regional energy development, agricultural 

sector growth, and environmental sustainability. A 

Pythagorean fuzzy set combined with the weighted 

discrimination-based approximation (WDBA) method 

was used to select ARs conversion technologies. 

[22] Utilization of coffee waste 

using ultrasonic technology 

2020 25 Exploration of coffee waste as a source of oil for 

biodiesel production, diverting it from municipal waste 

to energy. Ultrasonic and Soxhlet extraction methods 

were used to optimize oil yield from waste coffee 

grounds (WCG). 

[23] Thermochemical processes 

for producing bioenergy and 

biofuels from biomass 

2022 15 Conversion of biomass into bioenergy and various 

biofuels through thermochemical processes, including 

dry processes (torrefaction, combustion, gasification, 

pyrolysis) and wet processes (liquefaction, supercritical 

water gasification, hydrothermal carbonization). 

[24] Providing a resource catalog 

of biomass, conversion 

technologies, and SQL-

based data 

2024 1 Consistently and comprehensively provides information 

for bioenergy analysis, integrating datasets on 141 raw 

materials, 259 conversion technologies, and 134 energy 

supply concepts. The BENOPT model was used to 

simulate technologies in electricity, heat, and 
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transportation sectors. 

[25] A research perspective on 

integrated bioenergy-based 

technologies 

2019 1 Conversion methods such as direct combustion, 

anaerobic digestion, fermentation, oil extraction, 

transesterification, pyrolysis, and gasification to 

produce bioenergy, biofuels, and biodiesel from 

biomass. 

[26] A critical review of 

integrating waste into 

bioenergy conversion 

systems 

2022 23 Enhancing profitability in waste management systems 

for biofuel production while reducing greenhouse gas 

emissions. Classification of biomass waste to match 

appropriate conversion methods, leveraging synergies 

between raw materials, processes, and by-products. 

[27] Potential and conversion of 

biomass and bioenergy 

2023 8 Potential of agricultural biomass to generate electricity 

and biofuels. Discussion of effective policies and 

strategies for biomass utilization, along with challenges 

in decentralized waste separation for biomass 

conversion. 

[28] Bioenergy conversion 

utilizing agricultural waste 

for environmentally friendly 

approaches 

2024 3 Biochemical and thermochemical technologies used to 

convert agricultural waste into bioenergy (e.g., biogas, 

bio-oil, biofuels) as a solution to meet energy demands 

while providing environmental benefits and reducing 

greenhouse gas emissions. 

[5] A comprehensive review of 

sustainable biofuel and 

bioenergy production from 

biomass waste using 

microwave technology 

2021 229 Use of microwave (MW) heating technology in 

processing biomass waste to produce biofuels and 

bioenergy. Discussion of challenges in processing raw 

materials with electromagnetic microwave fields. 

[29] A review of AI-based 

applications for bioenergy 

systems 

2021 71 Use of AI technology to predict biomass properties and 

optimize conversion processes. AI-generated data 

facilitates improved biomass conversion models and 

biofuel end-use applications. 

[30] Utilization of biomass in 

bioenergy decarbonization 

for chemical looping and 

pacification 

2024 9 Information on bioenergy technology with carbon 

capture and storage for biomass production. Reduction 

of greenhouse gases through chemical looping 

processes to enhance biomass conversion efficiency. 

 

Figure 4 illustrates the journals with the highest H-index [31]. Based on the collected data, Energies has 

the highest H-index of 9, followed by GCB Bioenergy and Renewable and Sustainable Energy 

Reviews with H-indices of approximately 8 and 7, respectively. Other journals such 

as Sustainability, Biomass and Bioenergy, and Frontiers in Energy Research also have relatively high H-

indices, ranging from 5 to 6, indicating significant influence despite being lower than the top journals. In 

contrast, Bioresource Technology, Applied Energy, and Nature Communications have relatively lower 

influence or less direct relevance to the field of bioenergy and conversion [32,33]. 

 
Figure 4. H-index Impact 

 

The productivity and scientific impact of researchers or research groups, measured by publication counts 

and citations received, are explained in Figure 5. This figure provides information on the most frequently 

occurring keywords in the collected articles related to Bioenergy, Technology, and Conversion [34,35]. The 
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word cloud shows that biomass is the most prominent keyword, indicating its importance as a primary 

source for bioenergy production in the analyzed literature [33,36]. 

 
Figure 5. Word Cloud 

 

A visual representation of data used to illustrate the relationship between specific themes and geographic 

locations in research [37] is shown in Figure 6. This figure provides an overview of renewable energy 

development grouped by level of development and relevance. The upper-left quadrant, Niche Themes, 

includes bioelectrical energy sources, electrodes, and electron transport, showing significant advancements 

but limited relevance in implementation. In the Motor Themes quadrant, biomass technology, bioenergy, 

and biofuels demonstrate mature development and high relevance in the context of renewable energy. The 

lower-right quadrant, Basic Themes, includes aspects such as nonhuman, articles, and electricity, which, 

despite high relevance, require further development. The lower-left quadrant, Emerging or Declining 

Themes, includes concepts like bioenergy, biofuels, and biogas, showing potential for growth or decline 

with development and relevance that [38,39]. 

 
Figure 6. Thematic Map 
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A data visualization commonly used in bibliometric analysis to map relationships between three key 

elements or dimensions in a dataset [40–42] is presented in Figure 7. This figure provides a comprehensive 

mapping of global bioenergy research, showing the interconnections between research topics, source 

journals, and countries. The left segment depicts main research areas, including bioethanol fermentation, 

bioenergy, anaerobic digestion, biofuels, biogas production, pyrolysis processes, gasification, biomass, and 

circular economy frameworks in the context of renewable energy. The middle segment identifies leading 

scientific journals in the field, such as Energies, GCB Bioenergy, Renewable Energy, and Bio-technology. 

The right segment highlights countries actively researching the analyzed topics. This analysis offers insights 

into current research status and identifies patterns to develop solutions for sustainable energy, particularly 

in bioenergy, technology, and conversion [12,16,28,39,43]. 

Keyword Sources Country 

 

Figure 7. Three fields plot  

 

Bioenergy conversion technology has various potential applications, from electricity generation to 

environmentally friendly fuel production, supporting the transition to a low-carbon economy [44–46]. 

Research contributions in this field have enabled the development of more efficient and sustainable 

methods, such as optimized biomass conversion and integrated hybrid technologies to enhance energy 

output. However, challenges remain, including improving technology efficiency, reducing production 

costs, and minimizing environmental impacts of conversion processes [47,48]. Future research should focus 

on developing new technologies, such as enzyme or microorganism-based bioenergy [49,50], exploring 

non-conventional raw materials, and applying artificial intelligence to optimize processes. Additionally, 

further studies on the socio-economic impacts and public acceptance of bioenergy are crucial to ensure 

widespread and sustainable adoption. 

IV.  CONCLUSION 

The main findings of this study on bioenergy conversion technology are summarized as follows 

[23,51,52]. The bibliometric analysis successfully identified publication patterns, leading journals, and key 

contributors in the field of bioenergy [53,54]. The study revealed an increasing trend in bioenergy-related 

publications over time, with several journals standing out as major sources in this domain. Additionally, 

the analysis highlighted institutions and countries with significant contributions to bioenergy research, 

emphasizing the importance of global collaboration in advancing this technology. 

 

This study also mapped the H-index of the analyzed literature, generated a word cloud to identify core 
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themes, and explored the thematic structure of research, including core topics and emerging areas. The 

three-field plot analysis based on keywords, publication sources, and countries provided further insights 

into the relationships between research themes and involved actors. 

 

The results of this study not only offer a deeper understanding of the evolution of bioenergy research 

but also help identify knowledge gaps for future studies. Thus, this chapter concludes that bioenergy 

conversion technology has significant potential to support global sustainability, with coordinated and 

collaborative research being key to optimizing innovation in this field.  
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