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This study aims to analyze the development of research on floating 
photovoltaic (FPV) power plants as a sustainable solution for land-limited 
areas using a bibliometric approach. Data were collected from the Scopus 
database during 2015–2025 and analyzed using VOSviewer and 
Bibliometrix to examine publication trends, country productivity, keyword 
networks, and thematic development. The results show that FPV-related 
publications have increased significantly in recent years, with China 
emerging as the leading contributor to scientific output. Keyword analysis 
reveals that major research themes include solar energy, renewable 
energy, and solar power generation, while floating photovoltaic remains 
an evolving topic. In addition to addressing land scarcity issues, FPV 
technology offers additional benefits such as improved solar panel 
efficiency and reduced water evaporation. However, technical, economic, 
and environmental challenges remain important concerns for future 
studies. Overall, FPV demonstrates strong potential as an innovative 
renewable energy solution that supports sustainable energy development 
in areas with limited land availability. 
 

Keywords:  
Bibliometric analysis  
Floating photovoltaic 
Land limitation 
Renewable energy 
 

IEEE style in citing this 
article:  
R. Romatona, A. Ramadhan, D. 
J. Panani, S. N. Naylah, E. A. 
Zharif, Yuhani, and M. A. As-
Silmy, “Floating Solar Power 
Plants as a Sustainable Solution 
in Land-Constrained Areas: A 
Bibliometric Analysis,” J-
ENSITEC (Journal of 
Engineering and Sustainable 
Technology), vol. 12, no. 2, pp. 
10508-10514, 2026. 
 
Doi : 
https://doi.org/10.31949/j-
ensitec.v12i02.18038 

  
 
1. INTRODUCTION 

 The increasing global energy demand driven by population growth, urbanization, and 
industrialization has intensified pressure on conventional energy systems, which remain heavily dependent 
on fossil fuels[1], [2] This dependence not only triggers energy crises due to resource limitations but also 
significantly contributes to greenhouse gas emissions that accelerate global climate change. Numerous 
studies indicate that the energy sector is the primary contributor to carbon dioxide emissions, making the 
transition toward low-carbon energy systems a strategic global priority[3], [4]. In this context, the 
development of renewable energy has become increasingly urgent as a long-term, sustainable, and 
environmentally friendly solution. Solar energy, particularly through photovoltaic (PV) technology, holds 
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a strategic position due to its abundant availability and continuously improving energy conversion potential 
driven by technological advancements[5], [6]. 
 However, the implementation of conventional ground-mounted solar power plants faces 
significant challenges, particularly related to land availability. This issue becomes critical in regions with 
high population density and rapid urbanization, where competition for land use among residential, 
industrial, and agricultural sectors is increasingly intense[7]. These limitations have driven technological 
innovation in the form of floating photovoltaic (FPV) systems, which utilize water surfaces such as 
reservoirs, lakes, and dams as installation sites for solar panels. FPV not only provides a solution to land 
scarcity but also opens opportunities for the simultaneous optimization of water and energy resources[8]. 
 These limitations have driven technological innovation in the form of floating photovoltaic (FPV) 
systems, which utilize water surfaces such as reservoirs, lakes, and dams as installation sites for solar 
panels. FPV not only provides a solution to land scarcity but also opens opportunities for the simultaneous 
optimization of water and energy resources[9]. In addition, the presence of panels on water surfaces can 
reduce evaporation rates, contributing to water conservation, particularly in arid and semi-arid regions[10]. 
FPV also allows for more efficient space utilization without sacrificing productive land. However, this 
technology faces several challenges, including structural design complexity, relatively high installation 
costs, the need for mooring systems, potential ecological impacts on aquatic ecosystems, and long-term 
operational and maintenance issues[11]  
 Although research on floating photovoltaic (FPV) systems has increased significantly, previous 
studies have mostly focused on technical performance, economic feasibility, or case-specific environmental 
impacts. Limited studies have systematically mapped the global research landscape of FPV in relation to 
land constraints and sustainability challenges using bibliometric approaches[12]. Although research on 
floating photovoltaic (FPV) systems has increased significantly, previous studies have mostly focused on 
technical performance, economic feasibility, or case-specific environmental impacts. Limited studies have 
systematically mapped the global research landscape of FPV in relation to land constraints and 
sustainability challenges using bibliometric approaches[13]. 
 
 
2. METHOD 

 This study employed a quantitative bibliometric approach to analyze the scientific development 
of floating photovoltaic (FPV) research as a sustainable solution in land-constrained areas. Bibliometric 
analysis was selected because it enables a systematic and objective evaluation of publication trends, 
research productivity, collaboration networks, and thematic evolution within a specific field. The data were 
collected from the Scopus database, which was selected due to its broad coverage of peer-reviewed 
international publications and reliable indexing system. Data retrieval was conducted in April 2025. The 
search was limited to publications published between 2015 and 2025. The search query used in Scopus was 
formulated as follows: TITLE-ABS-KEY (“floating photovoltaic” OR “floating solar” OR “floating solar 
power plant” OR “floating PV” OR FPV) AND PUBYEAR > 2014 AND PUBYEAR < 2026. This query 
was designed to capture relevant studies discussing FPV systems and related terminology. The inclusion 
criteria consisted of: (1) journal articles, (2) English-language publications, and (3) documents directly 
related to floating photovoltaic systems. Meanwhile, conference papers, book chapters, editorials, notes, 
and unrelated publications were excluded. Duplicate records were also removed during the screening stage.  
 The inclusion criteria in this study consisted of: (1) peer-reviewed journal articles, (2) English-
language publications, (3) studies within the fields of energy, environment, and sustainability, and (4) 
documents explicitly addressing FPV or related technologies. Meanwhile, the exclusion criteria included 
conference proceedings, books, editorials, and articles lacking substantive relevance. The data selection 
process was conducted in three main stages: identification, by collecting all documents based on the defined 
keywords; screening, by reviewing titles and abstracts to remove duplicates and irrelevant documents; and 
final inclusion, which involved determining the final set of articles that met all criteria. 

Subsequently, bibliographic data were extracted, including information on authors, publication 
year, country affiliations, journals, citation counts, and keywords. These data were then processed using 
VOSviewer and Bibliometrix (R package), which are widely used tools in bibliometric analysis for mapping 
knowledge structures and relationships among publications[14], [15]. The analyses conducted included co-
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occurrence analysis to identify relationships among keywords, co-authorship analysis to map collaborations 
among authors and countries, citation analysis to determine publication impact, and trend analysis to 
examine the dynamics of research topic development over time. 
 In the process of bibliometric network mapping, several analytical parameters were defined, such 
as minimum occurrence thresholds (e.g., ≥5 keyword occurrences), citation thresholds, and clustering 
techniques to group research topics into thematic clusters based on relational proximity. The research stages 
were systematically structured, beginning with data collection, followed by data cleaning, bibliometric 
analysis, network visualization, and result interpretation. Narratively, the research flowchart begins with 
database selection, followed by keyword formulation, data retrieval, screening and eligibility checking, 
data extraction, bibliometric analysis, and concludes with interpretation and synthesis of findings.  

This approach enables a comprehensive identification of research patterns while providing a strong 
foundation for formulating future research directions related to FPV as a sustainable energy solution in 
land-constrained regions. 
 
3. RESULTS AND DISCUSSION  
3.1 Authors’ Production over Time 
 As an initial step in understanding the dynamics of scientific contributions, the following 
visualization presents the pattern of author productivity over a given period. This graph provides an 
overview of publication intensity as well as the consistency of contributions from leading authors in the 
field of floating photovoltaic (FPV) and renewable energy[13], [16]. 
 

 
Figure 1. Co-authorship network among researchers in FPV studies  

 Based on the graph, it can be observed that several authors, such as Huang L., Zhang Y., and Li 
X., demonstrate a significant increase in productivity, particularly during the 2024–2025 period. Larger 
circle sizes indicate a higher number of publications, while the color gradient reflects the number of 
citations per year. This suggests that not only has the quantity of publications increased, but their scientific 
impact has also grown[17]. 
 On the other hand, there are also authors who exhibit relatively stable but less dominant 
productivity patterns. This phenomenon indicates an uneven distribution of contributions, where only a 
small number of authors act as key drivers in the development of FPV research. Such a condition is common 
in emerging research fields, where core authors play a central role in shaping the direction of scientific 
advancement. 
 
3.2 Country Scientific Production 
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 To obtain a broader perspective, the subsequent analysis focuses on the geographical distribution 
of scientific production. The following world map illustrates the contribution of each country to 
publications related to the research topic.. 

 
Figure 2. Global distribution of FPV research publications by country 

 The visualization shows that China significantly dominates scientific production compared to 
other countries, followed by nations such as the United States, India, and several European countries. This 
dominance can be associated with substantial investments in renewable energy technologies as well as high 
energy demand in these countries. In addition, the availability of research infrastructure and strong policy 
support plays an important role in increasing publication output[12]. 
 Meanwhile, developing countries in Southeast Asia, Africa, and Latin America demonstrate 
relatively lower contributions. This indicates the existence of a global research gap, particularly in the 
context of FPV implementation in regions with abundant water resources that remain underutilized. These 
findings highlight the importance of international collaboration to expand the global adoption of FPV 
technology[18]. 
 
3.3 Thematic Map 
 In order to identify the conceptual structure of the research, the following thematic map is used to 
classify topics based on their level of importance and stage of development. emerging/declining themes. 

 

 
Figure 3. Thematic map of FPV research based on keyword clustering 
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 The analysis results indicate that themes such as “solar energy,” “renewable energy,” and “solar 
power generation” are located in the motor themes quadrant, signifying that these topics possess both high 
importance and a well-developed level of maturity. These themes serve as the primary foundation in 
renewable energy research and act as the main driving forces in the advancement of the FPV field[19]. 
 In contrast, themes such as “floating photovoltaic,” “solar panels,” and “photovoltaic system” are 
still categorized as basic themes, indicating that although they are relevant, their development has not yet 
reached full maturity. This suggests the presence of further research opportunities to deepen the technical 
and applied aspects of FPV, allowing these themes to potentially evolve into motor themes in the future[20]. 
 
3.4 Network Visualization (VOSviewer) 
 As part of the analysis of relationships among concepts, the following network visualization 
presents the interconnections between keywords in FPV research using a co-occurrence approach. This 
representation helps identify the main clusters within the research landscape. 

 

 
Figure 4. Keyword co-occurrence network of FPV research 

 It can be observed that the keywords “photovoltaics” and “solar photovoltaics” occupy central 
positions in the network with high connectivity, indicating their pivotal role in the research domain. The 
green cluster reflects a focus on economic aspects, such as economic analysis and energy transitions, while 
the red cluster is associated with technical aspects, including computational fluid dynamics and wave 
dynamics[21]. 
 In addition, the emergence of clusters related to environmental and water resource topics, such as 
water quality, ecosystems, and hydropower, indicates the presence of multidisciplinary integration in FPV 
research. This finding underscores that the development of FPV is not limited to energy aspects alone, but 
also encompasses broader environmental and sustainability dimensions[17]. 
3.5 Documents by Year 
 As a concluding part of the analysis, the following graph presents the trend in the number of 
publications over time. This visualization is essential for understanding the temporal development of 
research interest in the FPV field 
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Figure 5. Annual publication trends of floating photovoltaic (FPV) 

 The graph shows a significant increase in the number of publications starting from 2022 and 
reaching its peak in 2025. This surge reflects the growing academic attention toward FPV technology as a 
sustainable energy solution, particularly in addressing land constraints and the challenges of global climate 
change[9], [22]. 
 However, a decline is observed in 2026, which is likely due to data limitations or incomplete 
indexing of publications for the current year. Therefore, the overall trend still indicates positive growth, 
suggesting that FPV research will continue to expand and become a major focus in renewable energy studies 
in the future. 
 
4. CONCLUSION  
 Based on the results of the bibliometric analysis, research on floating photovoltaic (FPV) systems 
has shown significant development and has become an increasingly prominent topic in renewable energy 
studies. The continuously rising trend in the number of publications, particularly in recent years, indicates 
that FPV is regarded as a promising innovative solution to address land constraints in the development of 
sustainable solar energy.. 
 The analysis reveals that China dominates scientific productivity in the FPV field, followed by 
several other developed countries such as the United States and India. This dominance reflects substantial 
research investment, strong policy support, and high energy demand in these countries. However, the 
contribution from developing countries remains relatively low, thereby presenting significant opportunities 
to expand international collaboration and promote research development in regions with abundant water 
resource potential. 
 Furthermore, the keyword network analysis indicates that FPV research is evolving in a 
multidisciplinary manner, encompassing technical, economic, and environmental aspects. Core themes 
such as solar energy, renewable energy, and solar power generation emerge as dominant focal points, while 
topics such as floating photovoltaic remain in a developmental stage. This highlights opportunities for 
further research, particularly in system optimization, operational efficiency, and environmental 
sustainability. 
 Overall, FPV technology holds significant potential as a sustainable energy solution in land-
constrained regions, as it enhances spatial efficiency, supports water conservation, and expands clean 
energy capacity. Nevertheless, challenges such as high installation costs, technical complexity, and 
potential ecological impacts must still be addressed through technological innovation and further research 
to ensure the optimal and sustainable implementation of FPV in the future. 
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