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Abstract

This study critically examines the integration and management of renewable energy through
bibliometric analysis and the application of advanced technologies, aiming to uncover major research
trends, technological innovations, and ongoing challenges in the field. By analysing scientific
publications from 2021 to 2023 using the Scopus and Web of Science databases, the research focuses
on critical topics such as renewable energy management, advanced technologies, and emerging global
collaborations. The findings reveal a substantial rise in research output, particularly in solar and wind
energy, alongside a growing emphasis on international cooperation. Notably, advanced technologies
like the Internet of Things (10T), artificial intelligence (Al), and blockchain are identified as pivotal in
enhancing the operational efficiency and control of renewable energy systems. However, critical
challenges persist, such as the lack of robust policy frameworks, insufficient infrastructure, and the
complexity of system integration. This research underscores the necessity of adopting a
multidisciplinary approach and comprehensive policy support to facilitate long-term, sustainable energy
solutions. These insights offer valuable guidance for researchers, industry professionals, and
policymakers in shaping future strategies to optimise the use of renewable energy.
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1.  Introduction

In recent decades, renewable energy has become a significant concern worldwide as a solution to reduce
dependence on fossil fuels and mitigate the impacts of climate change. Renewable energies such as
solar power, wind and bioenergy offer sustainable and environmentally friendly alternatives [1-6]. As
awareness of the importance of sustainability increases, research and innovation in renewable energy
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technology continues to grow [7—10]. This visualisation overview of the bibliometric analysis provides
insight into how various concepts and technologies relate to each other in the context of renewable
energy. The integration of advanced technologies such as artificial intelligence, hybrid energy storage
and thermal management plays a crucial role in increasing the efficiency and effectiveness of renewable
energy systems [11-15] Artificial intelligence, for example, can be used to optimise energy
management, predict energy demand, and increase the resilience of energy systems. Energy storage
technologies, including batteries and fuel cells, enable more effective and stable energy storage, thereby
overcoming the intermittency problems often associated with renewable energy sources such as wind
and solar [16-19].

Renewable energy has experienced significant growth in recent years, driven by increasing awareness
of climate change and the need to reduce dependence on fossil fuels [20-22]. Technologies such as
solar, wind and hydroelectric power have experienced rapid developments in efficiency and production
costs [23-26]. For example, falling solar panels and wind turbine costs have made renewable energy
more affordable and competitive than conventional energy sources [27-30]. According to a report from
the International Renewable Energy Agency (IRENA), global renewable energy capacity has more than
doubled in the last decade, with solar and wind power as the main contributors [31-34]. This reflects
substantial investment and policies supporting the green energy transition in many countries.
Additionally, innovations in energy storage and smart grid integration have played an essential role in
accelerating the adoption of renewable energy [35—38]. More advanced battery technology enables
more efficient energy storage, which is essential for overcoming the intermittency problems often
associated with renewable energy sources [39-43]. Additionally, advances in power grid management
systems have increased the ability to integrate multiple renewable energy sources into existing power
grids, improving the stability and reliability of energy supply [36,44—46]. Proactive government
policies, financial incentives and international commitments to reduce carbon emissions have also
driven the growth of this sector [47-50]. Although challenges remain, especially regarding
infrastructure and regulatory adjustments, the outlook for renewable energy remains bright, with more
countries committing to achieving clean energy targets in the coming decades.

Thermal management is also an essential aspect of renewable energy systems. An efficient thermal
management system can improve the performance and lifespan of energy storage devices and reduce
operational costs [51-55]. In the context of hybrid electric vehicles, good thermal management not only
improves fuel efficiency but also extends battery life and reduces the risk of system failure [56—59].
Visualisation of the bibliometric analysis shows that research in this field continues to grow, with many
studies focusing on innovation and improvement of thermal management technologies [60—64]. This
research also shows that the adoption of renewable energy technology is not only significant from a
technical perspective but also from an economic and social aspect. For example, climate change
mitigation and circular economy sustainability are important focuses in recent research [65-67]. The
use of renewable energy in various sectors, including industry and transportation, has the potential to
reduce greenhouse gas emissions and create a more sustainable economy [47,68—71]. This visualization
shows the close relationship between these concepts, underscoring the importance of a multidisciplinary
approach in renewable energy research.

In the context of renewable energy integration and management, a growing body of literature reflects
the importance of effectively managing energy resources to meet the ever-increasing global energy
demand. For example, bibliometric analysis for 2007-2022 shows a significant increase in publications
related to energy storage and intelligent control technologies in distributed grids, with an average annual
growth rate of 15% [72—75]. In addition, technological advances such as artificial intelligence (Al) and
machine learning-based optimisation algorithms have improved operational efficiency and energy
demand prediction in hybrid systems that combine multiple renewable energy sources, such as
photovoltaics and wind turbines [76—78]. With the depletion of fossil fuels and the increasing need to
reduce carbon emissions, recent studies indicate that adopting these technologies could reduce
operational costs by up to 25% and carbon emissions by 30% in the next 10 years. A review of the
existing literature suggests that although many studies have found these technologies' potential, most
still focus on simulation models or specific case studies. To get a complete picture, we need a review
that includes global trends, technical challenges, and advanced technology applications. This makes this
review significant, as it fills the gap in the literature by providing a broader map of renewable energy
management using advanced technologies.
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This study aims to identify and analyse the relationships between various concepts in the renewable
energy field, including thermal management, energy storage, and advanced technologies such as
artificial intelligence and hybrid electric vehicles. This study maps critical trends and relationships in
scientific literature through bibliometric analysis while providing insights into how advanced
technologies can support integrating and adopting renewable energy more effectively. More
specifically, this study also focuses on how these technologies can improve the efficiency of renewable
energy systems, optimise energy management, and minimise environmental impacts, with the hope of
providing recommendations that policymakers and industry can use in driving the transition to a more
sustainable energy system.

The novelty of this research lies in its holistic approach that combines various aspects of technology
and sustainability and its contribution to help policymakers, researchers, and practitioners develop more
effective strategies to achieve energy sustainability. According to recent research, there has been a
significant advancement in the management and integration of renewable energy due to the growing
urgency to address climate change and the global shift toward sustainable energy sources. Recent
bibliometric analysis shows a considerable increase in studies focusing on developing and applying
advanced technologies such as smart grids, energy storage systems, and artificial intelligence. Recent
trends indicate the optimization of energy distribution networks, integrating distributed energy sources,
and applying predictive technologies for maintenance aimed at reducing downtime and operational
costs. In addition, recent research trends also highlight the importance of blockchain technology in
improving security and transparency in renewable energy management systems, as well as the role of
the Internet of Things (IoT) in monitoring and managing energy usage in real-time. The concept of
'energy as a service' is also gaining attention, where energy consumers can participate in energy markets
through more decentralized schemes. Cross-sector collaboration between academia, industry, and
policymakers is increasingly crucial to addressing existing challenges, including regulation and
financing, to accelerate the transition to a more sustainable, low-carbon future.

2. Methodology

In this study, a search of the Scopus and Web of Science databases was conducted using a set of
keywords designed to cover critical topics related to the integration of renewable energy and advanced
technologies. Keywords such as renewable energy, energy management, and advanced technology were
the focus to ensure a broad coverage of publications relevant to current trends in renewable energy. In
Scopus, the search used strings like "renewable energy AND energy management AND technology
along with changes to include different technical terms, such as smart grid, energy storage, and
hydrogen technologies, to find studies about the newest developments in energy management and
storage technologies. Meanwhile, in Web of Science, the search was structured using the strings
renewable energy AND integration AND advanced technology, ensuring that publications focusing on
integrating renewable energy with the global energy grid and advanced technologies were identified.
The combination of these carefully designed search strings allowed for a comprehensive analysis of
publications from 2021 to 2023 related to renewable energy, grid integration, and advanced technology
applications.
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Fig. 1. Flowchart of data search and analysis using VOSviewer
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Fig. 1 shows the literature research workflow, which starts by searching for scientific articles using
Publish/Perish software with the keywords renewable energy and energy management. The articles
found are then collected as data to be analyzed using VOSviewer software, which functions for
bibliometric analysis. The results are then interpreted and discussed in the analysis and discussion stage
until the research is complete.

This research uses bibliometric analysis methods to explore research trends and advanced technology
applications in renewable energy integration. Articles relevant to the research topic were identified and
downloaded for further analysis. The collected data was analysed using VOSviewer software.
VOSviewer is a tool used to create network maps and visualise bibliometric data. The analysis process
involves the following steps:

a. Raw data from the database was extracted and reformatted to be compatible with VOSviewer.
This step includes removing duplicates and filtering out irrelevant articles.

b. Using VOSviewer, a keyword network is built based on the frequency of occurrence and co-
occurrence of keywords in selected articles. Keywords that appear together in the same article
are connected by lines, with the line thickness indicating the strength of the relationship.

¢. VOSviewer groups keywords into different clusters based on their proximity and relationship.
Each cluster is identified with a different colour, making the results easier to interpret.

d. The resulting network maps were analysed to identify key themes, critical relationships
between concepts, and current research trends in renewable energy and related technologies.

To ensure the validity of the results, a cross-check was carried out on some of the most frequently
occurring articles, and additional analysis was carried out to verify the critical relationships identified
from the visualisation. In addition, consultations with experts in renewable energy and advanced
technology were conducted to gain additional insight and confirm the analysis results. The results of
the bibliometric analysis are presented in the form of visual network maps, tables, and graphs that depict
the distribution of keywords and the relationships between concepts and main research clusters. A
detailed explanation of key findings, research trends, and potential applications of advanced
technologies in renewable energy integration is included in the research report.

The period from 2021 to 2023 is highly relevant for understanding renewable energy trends due to
significant developments influenced by various global and technological factors. Bibliometric analysis
of scientific publications from Scopus and Web of Science databases with keywords such as renewable
energy, energy management, and advanced technologies shows several critical reasons for the
importance of this period. First, increasing global awareness of climate change is driving the adoption
of clean energy as countries strive to meet the accelerated carbon emission reduction targets set by the
Paris Agreement. Second, technological innovations, especially in energy storage, efficiency, and the
integration of intelligent technologies such as Al and 10T, are advancing rapidly, enabling broader and
more effective implementation of renewable energy. Third, following the COVID-19 pandemic, many
countries are directing their policies and economic stimulus to accelerate the clean energy transition,
creating jobs and driving sustainable growth. In addition, increased funding for research and
development and policy support from various countries are also important factors that accelerate the
growth of the renewable energy sector during this period. Analysis of scientific publications during this
period helps us understand the direction of technological developments, challenges, and opportunities
in the transition to clean energy.

This study used explicit inclusion and exclusion criteria to ensure transparency and replication.
Inclusion criteria included articles published between 2021-2023 in English, peer-reviewed, and
focused on renewable energy, energy management, and advanced technologies. Articles also examined
the latest technological innovations, such as energy storage, smart grids, and hydrogen technologies.
Conversely, exclusion criteria included articles that only provided an overview without empirical
analysis, theoretical articles without practical applications, publications that were not available in full
text, and works that were irrelevant to the main keywords or published in languages other than English.
With these criteria, the study focused on the most relevant and quality articles while ensuring that the
selection process could be repeated transparently.
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3.  Results

Before 2021, several significant developments laid the foundation for today’s renewable energy
research and advanced technologies. Advances in energy storage technologies, particularly lithium-ion
batteries, have enabled large-scale energy storage to address the challenges of renewable energy
intermittency. In addition, the development of intelligent grids has enabled real-time monitoring and
more efficient load management, supported by Al and loT technologies, which have improved grid
stability. Green hydrogen technology was also developed before 2021 as a potential solution for
decarbonising the industrial and transportation sectors. On the policy side, the 2015 Paris Agreement
has played a crucial role in driving massive investment in clean energy, accelerating innovation and
research in renewable energy today. All these developments have laid a strong foundation for continued
innovation in renewable energy integration and more efficient energy management.

Research related to publication distribution by year and country applied in this manuscript aims to
explain how research trends related to renewable energy and energy management are developing in
various countries from 2021-2023. In addition, the main keywords and relationships between themes in
renewable energy can direct readers to the findings from the keyword co-occurrence analysis, which
shows dominant topics such as energy storage technology, green hydrogen, and smart grids.
Furthermore, the collaboration of authors and institutions on renewable energy research can explain the
collaboration network formed between researchers and global institutions in advancing renewable
energy technologies. Finally, advanced technology applications in energy management: innovations
and challenges can focus on how advanced technologies such as Al, 10T, and energy storage are used
to overcome the challenges of integrating renewable energy into the electricity grid. With a more
detailed sub-heading structure, readers can more easily navigate and understand each section of the
findings relevant to renewable energy integration and advanced technology applications.

Table 1 comprises various technological applications in renewable energy and electric vehicles. The
Application category stands out with a total link strength of 8 and 6 occurrences, indicating the
importance of technology application in renewable energy research in 2022. This category shows that
the study primarily focuses on the practical application of the technology being developed, covering
various related fields with energy and the environment. Furthermore, the categories Fuel cell and
Thermal management also play an essential role in this cluster. The Fuel cell category has a total link
strength of 14 and 5 occurrences, indicating that research related to fuel cells is receiving significant
attention. This research is essential for developing more efficient and environmentally friendly energy
technology. Likewise, Thermal management shows a total link strength of 18 and 9 occurrences,
emphasising the importance of thermal management in developing renewable energy technologies.
Effective thermal management is critical to improving the efficiency and sustainability of energy
systems.

Other categories, such as Hybrid electric vehicles, deep reinforcement learning, and energy conversion,
show significant total link strengths and occurrences. This indicates that research does not just focus on
one aspect of technology but covers various approaches and solutions to overcome renewable energy
challenges. The hybrid electric vehicle category, with a total link strength of 7 and 6 occurrences, shows
that hybrid electric vehicles are a very active research area. Likewise, the categories deep reinforcement
learning and dynamic programming demonstrate the application of advanced methods in optimising
and managing energy systems, showing how the latest technologies are applied to solve complex
problems in the field of renewable energy.

Table 1. Cluster 1 is the relationship between technology applications and renewable energy
Weight Total link

Id Categories Links strength Occurrences Year

2 Application 8 8 6 2022.1667
11 Comparative study 3 3 3 2022
17 Deep reinforcement learning 5 6 5 2022.2
18 Dynamic programming 3 4 3 2022.3333
21 Energy conversion 5 8 4 2022
26 Fuel cell 12 14 5 2022
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Weight Total link

Id Categories Links strength Occurrences Year
29 Hybrid electric vehicle 5 7 6 2022.1667
40 PCM 3 5 3 2022
41 Plug 2 3 4 2022
44 Progress 5 8 5 2022
48 Rule 6 8 7 2022
59 Term 7 7 4 2022
60 Thermal management 11 18 9 2022

The bibliometric visualisation shows some of the main clusters in renewable energy research. These
include energy storage, thermal management, artificial intelligence, hybrid electric vehicles, and
sustainability. Different colours identify these clusters, each indicating close relationships between the
concepts. The results of the analysis show that artificial intelligence and energy storage technology are
closely related to research areas. Keywords such as deep reinforcement learning and hybrid energy
storage frequently appear together, indicating that this research often explores how artificial intelligence
can improve the efficiency and effectiveness of energy storage systems.

The visualisation also shows that thermal management and hybrid electric vehicle technology are
significant focus areas. Keywords such as thermal management and hybrid electric vehicles appear in
the same cluster, indicating that effective thermal management is the key to improving hybrid electric
vehicles' performance and service life. Another prominent cluster covers the concepts of sustainability
and climate change mitigation. Keywords such as sustainability, climate change, and circular
bioeconomy indicate that renewable energy research should not only focus on technical aspects but also
environmental and social impacts. Network visualisation shows the complex interconnections between
various concepts in renewable energy research. The relationship between energy conversion, fuel cells,
and renewable energy sources shows that technological innovation in energy conversion and renewable
energy sources is the focus of this research.
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Fig. 2. Renewable energy bibliometric network map

Fig. 2 shows a network map of keywords in research on renewable energy from 2022 to 2024. The
keywords relate to various aspects of renewable energy integration and management. Some main
keywords that stand out are storage, wind energy, sustainability, artificial intelligence, and thermal
management. These keywords indicate that current research focuses not only on renewable energy
production but also on storage, thermal management, and the application of advanced technologies,
such as artificial intelligence, to increase the efficiency and effectiveness of renewable energy.
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Keyword developments from 2022 to 2024 indicate new trends and focus in renewable energy research.
For example, keywords such as artificial intelligence and deep reinforcement learning indicate the
increasing use of advanced technologies in renewable energy management and integration. In addition,
there is also increasing interest in sustainability and renewable energy sources, which reflects growing
concern for environmental sustainability and reducing carbon emissions. The relationship between these
keywords indicates multidisciplinary integration, combining technical, management, and ecological
aspects in renewable energy research. The time trends represented by colours in this network map
provide additional insight into research progress. Newer keywords, such as dynamic programming and
hybrid energy storage, appear in yellow, indicating that these topics are the focus of recent research. In
contrast, older keywords such as production and waste appear in blue, indicating that these topics have
been fundamental in renewable energy research but may have changed how they are addressed. Overall,
this figure shows that renewable energy research continues to develop rapidly, adopting new
technologies and focusing on sustainability to achieve clean and efficient energy goals.

In this network map, several technologies have strong relationships, shown in Fig. 2. For example, the
words related to thermal management, fuel cells, and hybrid electric vehicles (in red) show a strong
relationship between these technologies. Technologies such as fuel cells and hybrid electric vehicles
are more widely used in thermal management, which is very important for the efficiency and stability
of electric vehicles. This shows that these technologies are more commonly applied in the automotive
or transportation sectors that require effective thermal management. On the other hand, storage
technology appears in the middle of the diagram with extensive links to other terms such as renewable
energy source and power system. This indicates that energy storage technology plays a central role and
is flexible, which can be used in various sectors or areas that require stability and sustainability of
renewable energy sources. The green word cluster includes terms such as sector, station, renewable
energy source, and sustainability. The relationship between these terms indicates that renewable energy
sources are becoming increasingly crucial in specific sectors, especially those focused on sustainability.
These sectors are likely to include the energy industry and public infrastructure sectors, with a high
focus on reducing environmental impacts and implementing cleaner energy. In addition, the terms
mitigation and production connected to renewable energy sources indicate that the production sector,
especially those related to processing or heavy industry, may be more inclined to use renewable energy
sources as an effort to mitigate climate change.

In the blue group of words, the terms country, India, solar energy, and energy use are visible. This
shows that solar energy is more dominant in specific regions or countries, such as India. This may be
due to geographical factors that allow for the availability of sunlight throughout the year, as well as
energy policies that support the implementation of renewable energy in the region. Terms such as
climate change and energy demand connected to the region also show that in regions with high energy
needs and pressures from climate change, the adoption of renewable energy technologies is more
significant. Countries or regions with high environmental awareness may prefer sustainable energy
technologies. In the red cluster, terms such as dynamic programming, deep reinforcement learning, and
hybrid energy storage indicate that Al-based technologies and dynamic programming are more often
used in the context of hybrid energy or electric vehicles. These technologies may be more relevant in
areas with advanced energy infrastructure, where optimising complex energy systems is essential.
Meanwhile, the terms artificial intelligence and IoT (internet of things) at the bottom indicate the use
of digital technologies to manage and optimize energy use. This is more relevant in sectors requiring
real-time energy monitoring and control, such as the manufacturing industry or public infrastructure.

Table 2. Cluster Il Renewable Energy Integration

Id Categories Links :‘t):::]:;]hk Occurrences Plsl;?;ceaﬁzf;z/‘}%:;‘r
1 Adoption 11 12 7 2022.429

5 Article 5 5 5 2022.6

14 Country 7 7 3 2022

16  Critical Review 9 9 4 2022

23 Energy use 9 9 4 2022.25
32  Hydrogen 6 7 3 2022.333
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Id Categories Links 1:,::::12311( Occurrences P?l;?;:eaﬁzflz7§:;r
42 Power System 6 8 5 2022.2
47 Risk 5 5 4 2022
53  Stakeholder 9 10 3 2022.333
55 Station 8 8 5 2022.4
56 Storage 14 20 15 2022.133
63 Use 4 5 4 2022
65 Wind energy 8 8 6 2022

Table 2 displays the results of the bibliometric analysis carried out using VOSViewer, focusing on the
categories in Cluster Il related to renewable energy and its integration. The categories listed cover
various vital aspects such as technology adoption, scientific articles, countries, critical reviews, energy
use, hydrogen, power systems, risks, stakeholders, stations, storage, and wind energy. Each category is
measured based on several metrics, such as the number of links, total link strength, occurrences and
average score of publications per year. These categories reflect the latest research trends and focus on
renewable energy. For example, the categories adoption and stakeholders indicate the importance of
understanding how new technologies are received by society and the role of various stakeholders in the
process. The hydrogen and storage categories highlight attention to energy storage technologies and
hydrogen solutions as critical components in future energy systems. Likewise, power systems and wind
energy focus on developing and integrating power systems that use renewable energy sources. Table 2
shows that these topics are highly relevant and are current research areas, with a consistent average
publication year around 2022. This indicates a significant push in the scientific community to address
challenges and explore opportunities in renewable energy integration. This analysis provides a
comprehensive view of how various aspects are interrelated in efforts to achieve energy sustainability
and reduce dependence on fossil energy sources.

Table 3. Cluster III advanced technologies in sustainable energy

Id Categories Links Z:::Lg?hk Occurrences Pusbcl(;z:ei tl?glrf:/a)%:ar
6 Artificial intelligence 15 17 5 2022.6
13 Context 10 10 5 2022.4
20 Effectiveness 6 6 4 2022
24 Focus 4 4 3 2022.333
34 India 11 11 4 2022.25
35 Internet 8 10 4 2022.25
36 IoT 3 3 4 2022.25
50 Sector 16 18 6 2022.5
51 Solar energy 6 7 4 2022
52 Solution 15 15 7 2022.143
58 Sustainable energy 7 8 3 2022.333
61 Thing 8 10 3 2022.333

Table 3 displays the results of bibliometric analysis from Cluster 111 relating to advanced technology
and sustainable energy. The categories listed include artificial intelligence, context, effectiveness, focus,
India, internet, Internet of Things (10T), sector and solar energy, solutions (Solution), sustainable energy
(Sustainable Energy), and objects (Thing). Each category is assessed based on metrics such as number
of links, total link strength, occurrences and average score of publications per year. This analysis shows
significant attention to advanced technologies such as artificial intelligence and 10T in the context of
sustainable energy. For example, the artificial intelligence category has a high total link strength and
frequency of occurrence, indicating that the use of Al in sustainable energy is a topic of great interest
and growth. Likewise, the 10T and internet categories highlight the importance of network technologies
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in optimising the use and management of renewable energy resources. The solution category has many
links and link strengths and focuses on developing practical solutions to renewable energy challenges.
The sector and solar energy categories indicate that the research focuses on technology, practical
applications in various industrial sectors, and specific energy sources such as solar energy. It
demonstrates a holistic approach to energy sustainability, including advanced technologies and real-
world implementation. In addition, the sustainable energy category underlines the commitment to
achieving long-term sustainability through technological innovation. Overall, this table indicates that
integrating advanced technologies in the energy sector is a very active and relevant research area. This
research covers various aspects, from technology implementation and solution effectiveness to
geographic focus, such as India. It provides a comprehensive view of how advanced technologies can
achieve sustainable energy goals and overcome the challenges inherent in the global energy transition.
Fig. 3 results from a bibliometric analysis showing research trends, main keywords in renewable energy
integration and management, and advanced technology applications. Energy storage is one of the main
focuses of this analysis. Energy storage is essential in renewable energy integration because it helps
overcome the intermittent nature of energy sources such as solar and wind. Energy storage technology
allows electricity to be stored when excess production is used, when demand is high, or when production
decreases.

energy agpversion

@ form praggess

hept
corfept
case@udy
thermal agement
poweggystem mgpag
/a plye
tQrage
g ¥
criticaligeview fugheel! hybrid elégric vehicle
waste
<
d o,
renewable energy source g s e
deep reinforg@ment learning e
impogtance adoption® ¢ appligation
stakeholder : WY energy use .
windighergy state hybrid engggy storage
prodigtion an
station sector
solar: ergy unc int
sustaifigbility  mitigtion erey soligionl @ity
energyilemand ingla artificial intelligence effectigigness
d
effect. Hibg
- iot
climatgghange context h@s
rcular bigeconomy
fogs —
*%, VOSviewer A

Fig. 3. Visualization of relationships between various keywords

Additionally, keywords such as thermal management and fuel cells indicate significant interest in
thermal management and fuel cell technologies as solutions to increase the efficiency and reliability of
renewable energy systems. Thermal management is critical in maintaining the optimal performance of
energy storage devices and energy conversion systems. Fuel cells, on the other hand, offer great
potential to produce electricity with high efficiency and very low emissions, making them an essential
component in future energy systems. Other outstanding topics are renewable energy sources,
sustainability, and production. This shows that research also focuses on renewable energy sources,
sustainability and energy production. Sustainability is critical in developing renewable energy
technologies, which aim to reduce environmental impacts and ensure energy availability for future
generations. Research in this area also covers adopting renewable energy technologies in various sectors
and countries and mitigating the challenges faced in large-scale integration. Finally, this analysis shows
a strong interest in using advanced technologies such as artificial intelligence and deep reinforcement
learning in renewable energy management. These technologies optimise energy system operations,
predict energy demand and production, and improve efficiency. Thus, this bibliometric analysis
provides a comprehensive picture of the research and technological advances that play a role in
integrating and managing renewable energy and indicates the expected future directions in this field.

Compared with previous studies, this study's topic network shows an increasing link between smart
technology and energy management, which is not as straightforward as in previous studies [79]. The
report noted the importance of renewable energy integration through storage technology and grid

©Scholar Publishing https://e-journal.scholar-publishing.org/index.php/ijate



International Journal of Automotive & Transportation Engineering (2025) Vol 1, 17-40

management but did not explicitly highlight the role of artificial intelligence (Al). Meanwhile, Rana
[80] stated that research trends focus more on developing physical technologies, such as solar and wind,
without much attention to smart technologies, such as Al and loT. However, Al and loT emerge as
integral to energy management solutions in this latest topic map. This indicates a shift from technical
optimisation to data-driven energy grid prediction and optimisation technologies. This shows how
recent developments in machine learning and optimisation technologies have influenced the direction
of renewable energy research.

Table 4 displays the results of bibliometric analysis from Cluster 1V relating to sustainability and
resilience in the energy system. The categories listed include circular bioeconomy, climate change,
Covid effects, energy demand, mitigation, pandemic, production, pyrolysis (Pyrolysis), section
(Section), and sustainability (Sustainability). Each category is assessed based on metrics such as number
of links, total link strength, occurrences and average score of publications per year. This analysis shows
that significant attention is paid to issues affecting the sustainability and resilience of energy systems
in the context of global challenges. The Climate Change and COVID categories highlight the
importance of understanding the impact of climate change and pandemics on energy systems. These
categories have many links and strengths, indicating that research in this area is a highly relevant and
critical topic. The Pandemic category also shows how global emergencies affect energy demand and
production.

The energy demand and mitigation categories show attention to how energy demand is managed and
mitigation efforts undertaken to reduce negative environmental impacts. With significant link strength
and events, the sustainability category is committed to achieving a sustainable energy system. This
research on mitigation and sustainability shows that efforts to reduce climate change's impacts and
increase energy systems' resilience are critical. Overall, this table indicates that research in Cluster IV
focuses on challenges and solutions to ensure sustainable and resilient energy systems. From bio-
circular economy uses to pyrolysis and energy production, these categories reflect a holistic approach
to addressing complex environmental and global issues. This analysis provides a comprehensive view
of how research and innovation can help develop energy systems more resilient to future changes and
challenges.

Table 4. Cluster IV sustainability and resilience in energy systems

Total link Score Average
Id Categories Links strength Occurrences Publications/
year

8 Circular bioeconomy 4 5 3 2022
10 Climate Change 9 13 4 2022.25
15 Covid 11 13 4 2022
19 Effect 14 15 9 2022.222
22 Energy demand 11 12 5 2022.2
37 Mitigation 12 14 5 2022
39 Pandemic 8 10 3 2022
43  Production 14 20 9 2022.111
45 Pyrolysis 7 8 3 2022.333
49  Section 12 13 7 2022.143
57  Sustainability 12 17 8 2022
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Fig. 4. Renewable energy topic density map

Fig. 4 shows a topic density map generated using VOSviewer software, which identifies key research
topics in renewable energy based on the frequency of occurrence and relationships between keywords
in the literature. The map's colour indicates the density of the frequently occurring topic; the lighter the
colour, the higher the frequency of the related keyword in the publications. The most frequently
occurring issues in the renewable energy literature are storage, wind energy, artificial intelligence, and
renewable energy sources, all shown in very bright yellow on the map. This indicates a strong focus of
the research community on these areas, especially on energy storage technologies, which are critical to
integrating renewable energy into the electricity grid. In addition, the map also shows several clusters
representing related subtopics. For example, topics such as thermal management and fuel cells relate to
thermal energy management technologies and fuel cells, which are in one cluster.

On the other hand, technologies such as deep reinforcement learning and artificial intelligence appear
in different clusters, indicating intelligent technologies' critical role in optimising and managing
renewable energy systems. This is also evident from keywords such as loT and dynamic programming,
which indicate the application of modern technologies in renewable energy management. The topics of
uncertainty and effectiveness show challenges regarding the reliability of renewable energy systems,
which are also a significant concern in current research. Overall, this map provides essential insights
into the current research focus and technologies applied in developing renewable energy systems and
the challenges that still need to be addressed.

Compared to previous studies, this topic map shows an increasing focus on intelligent technologies such
as artificial intelligence (Al) and the Internet of Things (1oT), which were not widely discussed in
previous studies, such as the study by [81-83] only covered the application of Al in renewable energy
system optimisation to a limited extent. In contrast, in this topic map, Al emerges as one of the critical
topics that continue to grow along with the increasing adoption of this technology in various renewable
energy applications, including energy management, load prediction, and grid optimisation. Similarly,
Rana [80,84,85] reported that research on energy storage and renewable energy sources (such as wind
and solar) dominated the literature. Still, in this latest analysis, there is a more explicit shift towards
more efficient storage technologies, the application of machine learning algorithms, and the
management of the complexity of hybrid systems. Furthermore, topics such as deep reinforcement
learning and blockchain, now essential parts of renewable energy system management, were not widely
explored in previous literature, indicating significant technological developments in recent years
[79,86,87]. Therefore, this topic map provides a more modern perspective on research trends and
challenges in renewable energy integration.

Table 5 displays the results of the bibliometric analysis of Cluster V relating to innovative approaches
in renewable energy and the circular economy. The categories listed include architecture, case study,
circular economy, concept, form, heat, importance, order, renewable energy sources (Renewable
Energy Source), and waste (Waste). Each category is assessed based on metrics such as number of links,
total link strength, occurrences and average score of publications per year. This analysis shows that
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significant attention is peconomicapplying circular economy principles in the context of renewable
energy. The "Circular Economy" and "Waste" categories strongly focus on waste management and
efficient use of resources. With many links and link strengths, research in this category highlights the
importance of reducing waste and recycling materials to create a more sustainable energy system.

The renewable energy source category stands out with significant link strength and events, indicating
that the development and use of renewable energy sources remain a top priority. Categories such as
architecture and form reflect design and structural approaches in applying renewable energy
technologies, which are essential for effective integration in the built environment. Additionally, the
heat category highlights the focus on thermal aspects in renewable energy systems, which play an
indispensable role in energy efficiency. The case study and concept categories indicate that this research
also includes concrete case studies and the development of new concepts that can be applied in various
contexts. It provides valuable practical and theoretical insights to accelerate the adoption of renewable
energy technologies and circular economic principles. With a consistent average publication year of
around 2022, this table reflects the relevance and urgency of research in this field to face increasingly
complex energy and environmental challenges. Overall, this table indicates that research in Cluster V
focuses on developing innovative solutions to utilise renewable energy and apply circular economy
principles. This approach is essential to achieve a sustainable energy system and reduce environmental
negative impacts. This analysis comprehensively shows how various design, technology, and concept
aspects interact to create more efficient and environmentally friendly energy solutions.

Table 5. Cluster V Innovative Approaches in Renewable Energy and Circular Economy

Id Categories Links E:::ngl?hk Occurrences Pllsl)c;;z:{?(:,j:/a)%:ar
3 Architecture 3 3 3 2022
Case study 2 2 3 2022
9 Circular economy 6 8 3 2022
12 Concept 7 7 4 2022
25 Form 7 7 4 2022.5
27 Heat 4 5 3 2022
33 Importance 5 5 3 2022.333
38 Order 10 12 6 2022
Renewable energy
46 Source 11 12 8 2022.5
64 Waste 12 17 7 2022.286

Table 6 displays the results of the bibliometric analysis of Cluster VI relating to hybrid renewable
energy systems and uncertainty management. The categories listed include art (Art), HRES (Hybrid
Renewable Energy System), hybrid energy storage (Hybrid Energy Storage), state (State), and
uncertainty (Uncertainty). Each category is assessed based on metrics such as number of links, total
link strength, occurrences and average score of publications per year. This analysis shows that
significant attention is being paid to developing and optimising hybrid renewable energy systems. The
hybrid renewable energy system and hybrid energy storage categories strongly focus on hybrid
technologies that combine various renewable energy sources with efficient energy storage solutions.
With many links and link strengths, research in this category highlights the importance of hybrid
technologies in achieving sustainable and reliable energy systems.

The uncertainty category highlights the challenges faced in managing uncertainty related to the
availability of renewable energy sources and variability in energy demand. Research in this category is
essential for developing mitigation strategies that can improve the reliability and stability of renewable
energy systems. The state category focuses on the role of states and policies in supporting the
development and implementation of hybrid renewable energy technologies. The Art category included
in this cluster shows that there is also interest in creative and innovative approaches to the development
and application of renewable energy technologies. It covers the design and integration of renewable
energy systems in a broader context, including aesthetic and functional aspects. Overall, this table
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indicates that research in Cluster VI focuses on combining different renewable energy technologies to
create more efficient and reliable systems and manage the uncertainty associated with the variability of
renewable energy sources. This analysis provides a comprehensive picture of how various hybrid
technologies and uncertainty management strategies can work together to achieve sustainable energy
goals and increase the stability of the global energy system.

Table 6. Cluster VI hybrid renewable energy systems and uncertainty management

Total link Score Average

Id Categories Links Occurrences Publications/
strength
year

4 Art 4 2022.25
28 Heres 3 2022
30 Hybrid energy storage 3 2022
31 Hybrid renewable energy system 12 14 6 2022.167
54 State 8 12 9 2022.222
62 Uncertainty 7 7 6 2022.167

Based on previous research, several emerging markets for renewable energy, including hydrogen-based
solutions, offer great potential in driving the clean energy transition. One important example is the
market for green hydrogen produced using renewable energy such as solar or wind power [6,88,89].
Green hydrogen is recognised as a potential solution for decarbonising sectors that are difficult to supply
directly with renewable energy, such as heavy industry (steel, cement), long-haul transportation, and
the aviation sector. Countries like Germany, Japan, and Australia have invested significantly in green
hydrogen infrastructure and are collaborating to build international hydrogen distribution networks [90—
92]. In addition, the hydrogen vehicle market is also starting to grow, especially in heavy-duty vehicles
and public transportation applications, where electric batteries have limitations in terms of range and
efficiency. Several Asian countries, including South Korea and China, are developing hydrogen fuel
cell-based vehicle technology to reduce carbon emissions in the transportation sector [93-97].
Another example is offshore wind energy, rapidly expanding into new markets, especially in Asia and
South America [1,98]. Countries such as Vietnam, Taiwan, and Brazil are starting to develop sizeable
offshore wind projects to tap into the abundant potential of sea wind [99-102]. Technology is a critical
solution to meet the growing demand for renewable energy in regions experiencing rapid economic
growth. Previous research has also shown that energy storage technologies, such as large-scale batteries,
are starting to play a crucial role in emerging renewable energy markets, such as India and South Africa
[103-105]. With these technologies, developing countries can more effectively integrate volatile
renewable energy sources into their energy grids, thereby increasing the stability of the energy supply.
Green hydrogen, offshore wind energy, and energy storage technologies are examples of rapidly
growing renewable energy markets with great potential to support the worldwide clean energy
transition.

This study used several statistical parameters and thresholds to identify significant trends or correlations
in bibliometric data. One of the main parameters used is the minimum occurrence, where only
keywords, authors, or publications that appear more than a certain number of times are included in the
analysis to ensure a focus on relevant trends and not just sporadic data. For example, keywords that
appear at least 5 times in publications from 2021-2023 may be considered significant for further
analysis. In addition, the total link strength and co-occurrence frequency were also analysed, with a
minimum threshold set to determine a strong enough connection between certain elements. Statistical
analysis using Pearson correlation or regression analysis was applied to the relationship between
variables, such as the number of publications and trends in a particular energy technology, to identify
significant correlations. By setting these parameters, the study was able to locate genuinely significant
patterns and avoid overinterpreting less relevant or randomly occurring data.
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4. Discussion

The analysis results show that integrating advanced technologies such as artificial intelligence and
hybrid energy storage is a rapidly growing research area. By managing and optimising energy systems,
artificial intelligence can increase efficiency and reduce operational costs. For example, deep learning
algorithms can predict energy demand patterns and optimise energy distribution from renewable
sources. Effective thermal management is critical to maintaining the performance and reliability of
energy storage systems and hybrid electric vehicles. Research in this area focuses on developing new
materials and more efficient thermal management techniques to reduce overheating and extend the life
of energy storage devices. Research also shows that the adoption of renewable energy has a significant
impact on social and economic sustainability. For example, developing a circular economy that utilises
renewable resources can reduce waste and emissions while creating new jobs and encouraging
sustainable economic growth.

The interconnection between various concepts in bibliometric visualisation shows the importance of a
multidisciplinary approach in renewable energy research. Collaboration between scientists, engineers,
economists and environmental experts is needed to develop comprehensive and sustainable solutions.
This research underlines that advanced technology, and innovation cannot stand alone but must be
integrated with environmental and social considerations. The findings from this analysis provide
directions for future research in renewable energy. A focus on incorporating advanced technologies and
thermal management, as well as sustainability considerations, can help accelerate the adoption of
renewable energy. This research also emphasises the need for policies that support innovation and
implementation of renewable energy technologies to achieve global sustainability goals.

This bibliometric analysis fills a gap in existing literature by providing a comprehensive quantitative
approach to research trends, collaboration patterns, and the impact of scholarly work in a field. While
previous studies may have focused on qualitative or narrative reviews, this analysis highlights historical
trends, identifies international collaboration patterns, and the impact of citation-based research that has
not been widely uncovered. As such, this analysis provides new, more structured insights and helps map
the development of the topic more broadly and deeply than previous approaches.

Several essential factors will heavily influence the future integration of renewable energy sources into
global energy policy and infrastructure. First, advanced technologies such as energy storage systems,
smart grids, and digital technologies such as Al and IoT will enable more efficient integration of
renewable energy sources, such as solar and wind, into existing energy systems. These technologies
will improve grid stability, allow better energy demand prediction, and increase flexibility in managing
intermittent energy sources. Second, global energy policies and regulations will increasingly accelerate
the adoption of renewable energy. Initiatives such as net-zero emissions targets and the transition away
from fossil fuels outlined in international agreements such as the Paris Agreement encourage
governments to establish regulations and incentives that facilitate the use of clean energy. In the future,
policies promoting investment in renewable energy infrastructure and research related to advanced
technologies will be critical drivers of the successful integration of renewable energy. Third, global
energy infrastructure must be adapted to handle increasing volumes of renewable energy. This includes
building more robust, intelligent transmission grids and developing large-scale energy storage systems
to balance fluctuating supplies. Infrastructure designed to support flexibility and interconnection
between countries will also be essential, enabling cross-border energy trade and increasing the resilience
of the global energy system to disruptions. In future scenarios, proactive global policies, advanced
technological innovations, and adaptive infrastructure will be vital in accelerating the transition to
cleaner and more sustainable energy while ensuring the stable and efficient integration of renewable
energy sources into the global energy system.

Recent research on battery technology innovation and renewable energy grid integration shows
significant progress in supporting the transition to a clean energy system. In recent years, innovations
in battery technology, particularly lithium-ion and solid-state batteries, have increased energy storage
capacity and battery life while lowering production costs [106—109]. New studies are also exploring
using more affordable sodium-based batteries and environmentally friendly materials as alternatives to
lithium-ion, especially for large-scale and grid applications [110-112]. In addition, large-scale battery
technologies, such as grid-tied energy storage systems, enable better integration of intermittent
renewables, such as wind and solar, into the energy grid [35,113,114]. Using batteries to store energy
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when supply is higher than demand and release it when demand increases, grid stability and reliability
can be significantly improved. Recent renewable energy grid integration research highlights applying
dynamic programming techniques and intelligent optimisation algorithms to maximise grid efficiency
[115-117]. These methods help in real-time decision-making for load balancing, energy storage, and
renewable resource management. Dynamic programming techniques address uncertainties in renewable
energy supply and variability in energy demand by calculating optimal solutions under changing
conditions. In addition, smart grid technology, integrating intelligent technologies such as Al and
machine learning, plays a vital role in efficiently managing renewable energy distribution [118—120].
These systems use real-time data to predict energy needs, optimise power distribution, and reduce
energy waste. Combining more advanced battery technology and optimization techniques enables more
effective management of renewable energy resources and improves the future power grid's stability.

In this study, bibliometric results are measured using quantitative metrics such as total link strength,
which describes the strength of the relationship between elements such as keywords, publications, or
authors. Total link strength measures how often these elements appear in different publications,
indicating the importance or dominance of a particular theme in scientific literature. Software such as
VOSviewer is used to visualise this connection network, revealing the relationships between matters
such as renewable energy and energy management based on their frequency of occurrence. In addition,
metrics such as citation count and h-index are used to assess the impact of publications and
collaborations between authors, providing a deeper understanding of the trends, influences, and research
patterns on renewable energy and advanced technologies from 2021-2023.

5. Future Trends and Challenges

This research will improve readability and provide a clearer understanding of the direction of renewable
energy development and the challenges that may be faced in the future. In this section, the explanation
of future trends can include predictions on how technological innovations, such as green hydrogen,
solid-state batteries, and Al-based smart grids, will play a central role in overcoming current limitations
of renewable energy, such as intermittency and energy storage. Other trends that can be highlighted are
the increasing scale of offshore wind projects, the development of large-scale energy storage solutions,
and the integration of renewable energy across national borders that leverage the interconnectedness of
the global electricity grid to stabilise energy supplies.

On the other hand, the challenges section can include an analysis of policy barriers, such as differences
in regulations across countries that hinder investment in renewable energy infrastructure or limited
funding for developing new technologies, especially in developing countries. Other challenges are
technical issues, such as the need for more efficient energy storage systems and potential risks to grid
stability from high penetration of intermittent renewable energy. Supply chain resilience issues for
renewable technology raw materials, such as rare earth metals used in batteries and solar panels, must
also be considered when facing a clean energy-focused future. By dividing these trends and challenges
into separate sections, readers can more easily understand the dynamics of the future of renewable
energy and get a clear picture of the steps that need to be taken to overcome the challenges that will
arise. This section will provide vital context for further discussion on the importance of global
innovation and collaboration in achieving a sustainable energy transition.

Several countries have taken significant steps to accelerate the adoption of renewable energy, which can
serve as examples for future policy developments. For example, the European Union has set an
ambitious target through the European Green Deal, which aims to achieve carbon neutrality by 2050.
The EU has also introduced subsidies for renewable energy, such as financing offshore wind projects,
and established a carbon emissions trading system that forces industries to switch to cleaner energy
sources. These policies are expected to continue to evolve by introducing more stringent mechanisms
for the deterioration of the industrial and transport sectors. The United States, under the Inflation
Reduction Act of 2022, has allocated hundreds of billions of dollars to encourage the development of
renewable energy, including solar, wind, and green hydrogen technologies. These policies are expected
to spur investment in research and development of clean energy technologies and expand the use of tax
credits for renewable energy projects for decades to come. In the future, the US focus will likely shift
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to developing energy storage technologies and modernising the electric grid to increase the integration
of renewable energy.

In Asia, Japan and South Korea have also set ambitious targets to achieve net zero emissions by 2050,
with policies encouraging the development of hydrogen technology and offshore wind projects. Japan
is focused on the hydrogen economy, with significant investments in producing and distributing green
hydrogen. At the same time, South Korea has introduced its Fourth Basic Energy Plan, which
emphasises increasing the share of renewable energy to 30-35% by 2040. As the world's largest emitter,
China has also committed to achieving carbon neutrality by 2060. It has expanded its renewable energy
capacity through significant investments in solar, wind, and energy storage projects. China's Five-Year
Plan focuses on reducing reliance on coal and increasing the use of clean energy. In the future, China
is expected to continue to lead in the production and adoption of energy storage batteries and solar and
wind energy. In addition, developing countries such as India and Brazil are also developing policies to
accelerate the use of renewable energy. India has launched the National Solar Mission, aiming to
achieve 100 GW of solar capacity by 2030 and incorporating energy storage technology to support its
electricity grid. Meanwhile, Brazil relies on hydroelectric and wind resources, with plans to expand
offshore wind projects to increase the contribution of clean energy to its energy mix.

6.  Conclusion

This research uses bibliometric analysis to identify and analyse the relationships between various
concepts in renewable energy, with a particular focus on integrating advanced technologies such as
artificial intelligence, hybrid energy storage, and thermal management. The analysis results show a
strong interconnection between these concepts, underscoring the importance of a multidisciplinary
approach in renewable energy research and application. Bibliometric analysis reveals that energy
storage and thermal management technologies are essential in supporting the efficiency and stability of
renewable energy systems. Artificial intelligence, with applications in energy management and demand
prediction, is emerging as one of the critical themes showing great potential in improving the
performance and integration of renewable energy systems. In addition, this research highlights the
importance of hybrid electric vehicles and fuel cell technology in reducing emissions and supporting
transportation sustainability. This research also shows that the concepts of sustainability, climate change
mitigation, and circular economy are the focus of renewable energy research. The close relationship
between these concepts shows that renewable energy technologies are essential not only from a
technical point of view but also from an economic and social perspective. The keyword network
visualisation shows how various research fields are interconnected and support each other in efforts to
achieve energy sustainability.

This study highlights the unique contribution of integrating advanced technologies, such as artificial
intelligence (Al) and hybrid energy storage, which provide new insights into renewable energy
management. Al enables the analysis of large amounts of data and more thoughtful decision-making,
which is especially beneficial for managing energy from volatile renewable sources, such as solar and
wind. This technology enables energy systems to predict consumption patterns, optimize storage, and
adjust energy distribution in real time. This improves the overall efficiency and stability of the system.
On the other hand, hybrid energy storage technology addresses the variability of renewable energy
production by combining different types of storage, thus ensuring a more stable and reliable energy
supply. The integration of Al in hybrid storage systems allows for more efficient monitoring and control
of the storage process, where Al can determine the optimal time to store or release energy based on the
needs of the electricity grid. This combination of Al and hybrid storage reduces operational costs and
improves sustainability by minimizing energy waste and supporting the transition to clean energy. Thus,
this study shows how integrating these advanced technologies can be an innovative solution to the
challenges of renewable energy management, increasing flexibility and efficiency and contributing to
climate change mitigation.

The novelty of this research lies in a holistic approach that combines bibliometric analysis with a focus
on integrating advanced technologies in renewable energy. These findings provide valuable insights for
policymakers, researchers, and practitioners in developing strategies to accelerate the effective and
efficient adoption and integration of renewable energy. This research also contributes to the literature
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by mapping the latest trends and critical relationships in the field of renewable energy. This study
confirms that advanced technologies such as artificial intelligence, hybrid energy storage, and thermal
management are crucial in achieving energy sustainability. By understanding the dynamics of the
interconnection between these various concepts, more effective strategies can be developed to
encourage innovation and implementation of renewable energy, which will ultimately help reduce the
impacts of climate change and achieve global sustainability goals.
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