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ABSTRACT

The imperative of addressing environmental sustainability and energy security has propelled extensive
research into renewable energy technologies. This study employs bibliometric analysis to explore the impact
of renewable energy research on environmental sustainability. Utilizing data from Web of Science and Scopus,
a comprehensive dataset of scholarly articles and patents was compiled. The methodology involves keyword
formulation, citation analysis, and collaboration network evaluation, supplemented by VOSviewer analysis
for network visualization. The analysis unveils thematic clusters, influential citations, and keyword
occurrences, unravelling the multifaceted nature of renewable energy research. Six thematic clusters emerge,
encompassing biomass utilization, climate change, economic growth, efficiency optimization, energy systems,
and energy consumption. Key citations provide insights into modeling techniques, sustainability indicators,
and environmental assessment methodologies. Frequent keywords, such as life cycle assessment and
technology, underscore the core pillars of the field, while less frequent terms like climate change and electricity
highlight vital concepts. The findings provide holistic insights into the growth, impact, and interconnections
within renewable energy research, offering valuable guidance for policymakers, researchers, and stakeholders
committed to advancing environmental sustainability through renewable energy solutions.
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INTRODUCTION

The 21st century has indeed witnessed a convergence of environmental concerns and energy
demand, leading to a surge in research and innovation in the field of renewable energy. Climate
change, primarily driven by greenhouse gas emissions from fossil fuel combustion, poses a
significant threat to global ecosystems and societies. As a result, there is an urgent need to transition
to cleaner and renewable energy sources [1]. Renewable energy sources, such as solar, wind, hydro,
geothermal, and bioenergy, have gained significant attention due to their potential to mitigate
climate change, reduce environmental and health impacts, and contribute to energy security and
access [2]-[5]. The Intergovernmental Panel on Climate Change (IPCC) has conducted extensive
research on the scientific, technological, environmental, economic, and social aspects of renewable
energy sources and their role in climate change mitigation [6].

Innovation in renewable energy technologies is crucial for addressing the challenges posed
by climate change and meeting the energy demands of future generations. Some of the key factors
influencing the implementation of renewable energy technologies include market failures, lack of
information, access to raw materials, and carbon footprint [2], [7]. Policymakers and stakeholders
must work together to create incentives for change, promote environmentally friendly technologies,
and develop green trade policies to advance sustainable development [8]. In addition to renewable
energy sources, nuclear technologies have the potential to play a significant role in the transition to
a global net-zero society. Nuclear energy offers controllable 24/7 energy on demand, with low

harmful emissions, high reliability, low operational expenses, and high energy density [1]. However,
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challenges such as environmental damage, fuel waste disposal concerns, limited uranium reserves,
and long construction timeframes must be addressed to ensure the successful application of nuclear
energy systems in the 21st century [1]. In conclusion, the 21st century has seen a growing focus on
renewable energy sources and innovative technologies to address the challenges posed by climate
change and increasing energy demand. Collaboration between policymakers, researchers, and
stakeholders is essential to develop and implement sustainable energy solutions that can mitigate
climate change and ensure a cleaner, greener future for all.

The depletion of finite fossil fuel reserves and the environmental impact of their extraction,
transportation, and utilization have indeed highlighted the importance of embracing renewable
energy sources. Renewable energy technologies, such as solar, wind, hydroelectric, geothermal, and
bioenergy, can help reduce carbon emissions, mitigate climate change, and enhance energy security
[9]. Governments, industries, and researchers worldwide are working to advance renewable energy
research and implementation. Solar energy is an inexhaustible, non-polluting, renewable, and clean
energy source that is gradually entering the stage of large-scale development [10]. Wind power
technology is quite mature, and the cost of wind power has become competitive in the market [10].
Hydropower is clean energy, renewable, pollution-free, and has low operating costs [10].

Bioenergy and biogas will be more usable as technologies for their production, storage, and
distribution are improved significantly [9]. Geothermal energy is the least readily available but still
holds potential [9]. In addition to these renewable energy sources, carbon capture and carbon storage
are other ways to reduce carbon emissions [10]. The transition to renewable energy sources will help
slow down the rapid rate of use and exhaustion of fossil fuels [10]. However, technologies for
exploiting renewable energy need to be developed and deployed more quickly to be most beneficial
[10]. By focusing on the development and implementation of renewable energy sources, we can work
towards a more sustainable and environmentally friendly future.

In this context, understanding the trajectory and impact of renewable energy research on
environmental sustainability becomes paramount. Bibliometric analysis, a quantitative method
rooted in the analysis of scientific publications and citations, provides a systematic approach to
measure the influence and growth of a field. By dissecting the landscape of renewable energy
research through bibliometric lenses, this study seeks to uncover hidden trends, identify key
contributors, and map the collaborative networks that underpin the advancement of this critical
domain.

The 21st century has witnessed an unprecedented convergence of environmental concerns
and energy demand, compelling humanity to seek sustainable alternatives to conventional energy
sources. Climate change, driven primarily by the emission of greenhouse gases from fossil fuel
combustion, poses a grave threat to global ecosystems and societies. The urgent need to transition to
cleaner and renewable energy sources has led to a surge in research and innovation in the field of
renewable energy. This research aims to delve into the impact of renewable energy research on
environmental sustainability, employing the powerful lens of bibliometric analysis to elucidate

trends, patterns, and influences.

LITERATURE REVIEW

A. Renewable Energy and Environmental Sustainability
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Renewable energy sources, such as solar, wind, hydroelectric, geothermal, and bioenergy,
offer significant environmental and economic benefits compared to conventional energy sources like
fossil fuels. Some of these benefits include. Renewable energy sources produce little to no
greenhouse gas emissions, which helps mitigate climate change. For example, a life cycle assessment
of an onshore wind farm in India found that its global warming potential was 98.8% lower than that
of a coal power plant [11]. Renewable energy sources generally have a lower ecological impact than
conventional energy sources. Life cycle assessments (LCAs) have shown that renewables have lower
emissions, reduced water consumption, and decreased waste generation compared to conventional
energy sources [12]. By reducing the combustion of fossil fuels, renewable energy sources can help
improve air quality and reduce health problems associated with air pollution. Renewable energy
sources can help countries reduce their dependence on imported fossil fuels, enhancing energy
security and independence.

The renewable energy sector has the potential to create numerous jobs in manufacturing,
installation, and maintenance of renewable energy systems. Investments in renewable energy can
stimulate economic growth by creating new industries and business opportunities. Renewable
energy sources can contribute to sustainable development by providing clean, reliable, and
affordable energy to communities, particularly in remote or underdeveloped areas. Renewable
energy sources do not pose the same environmental risks as conventional energy sources, such as oil
spills, nuclear accidents, or air pollution from coal-fired power plants. In conclusion, increasing the
share of renewable energy sources in the global energy mix can lead to significant environmental
and economic benefits, including reduced greenhouse gas emissions, improved air quality,

enhanced energy security, job creation, and sustainable development [11], [12].

B. The Growing Landscape of Renewable Energy Research

The growth of renewable energy research has indeed been substantial in response to
mounting environmental challenges. Publications related to renewable energy have exhibited an
exponential increase, signifying the heightened interest and commitment of researchers. This growth
underscores the global recognition of renewable energy as a critical avenue for sustainable energy
transition.

Some recent studies in renewable energy research include: A study on the dynamic effects
of fossil fuel energy, nuclear energy, renewable energy, and carbon emissions on Pakistan's economic
growth [13]. A bibliometric analysis of solar thermal system control methods, which found that
recent developments in control methods focus on solar thermal to power and hybrid systems [14]. A
study on thermal growth in solar water pumps using Prandtl-Eyring hybrid nanofluid, which is a
solar energy application [15]. An evaluation of resources and potential measurement of wind energy
to determine the spatial priorities for the construction of wind-driven power plants in Damghan City
[16]. A study examining the relationship between green energy, non-renewable energy, financial
development, and economic growth with carbon footprint using panel data from 63 emerging and
developed economies [17]. An analysis of the relationships between patenting trends and research
activity for green energy technologies, focusing on renewable energy, hydrogen power, and
decarbonization [18]. These studies and many others demonstrate the ongoing commitment to
renewable energy research and the development of innovative solutions for sustainable energy

transition.
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METHODS

The methodology used in this study aims to assess the impact of renewable energy research
on environmental sustainability using bibliometric analysis. The systematic approach includes data
collection, database selection, keyword formulation, citation analysis, evaluation of collaboration

networks, and utilization of VOSviewer for network visualization and analysis [19], [20].

Data Collection

To build a comprehensive data set, relevant scientific articles, conference papers, reviews,
and patents related to renewable energy and environmental sustainability were collected. Databases
known for their extensive coverage of scientific literature-Web of Science, Google Schoolar and

Scopus-were used to ensure a robust collection with the help of Publish or Perish (pOP) software.

Table 1. Metric Data

Publication years | : 1995-2023
Citation years : 28 (1995-2023)
Paper : 980

Citations : 128026
Cites/year : 4572.36
Cites/paper :130.64
Cites/author : 55180.06
Papers/author : 379.52
Author/paper :3.35

h-index : 164

g-index : 331

hl,norm : 98

hl,annual :3.50
hA-index 162

Papers with ACC | :1,2,5,10,10:897,844,698,495,265

Keyword Formulation

Proper selection of keywords is essential for retrieving relevant literature. A combination of
controlled vocabulary terms and free text keywords were used. Keywords included various
dimensions of renewable energy (solar, wind, hydro, geothermal, bioenergy) and environmental

sustainability (e.g., carbon footprint, climate change, ecological impacts).

VOSviewer Analysis

To uncover the complex network of collaborations, this study used VOSviewer-a powerful
software specifically designed to visualize and analyze bibliometric networks. VOSviewer facilitates
the creation of maps of co-authorship, co-citation and co-occurrence of keywords, offering insights

into research trends and collaboration patterns.
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RESULTS AND DISCUSSION
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Figure 1. Mapping Results

This analysis ofidentifies several impactful research areas in renewable energy that
contribute significantly to environmental sustainability. Solar energy emerged as a dominant theme,
with much research focusing on photovoltaic technology and its role in reducing carbon emissions.
Wind energy research also showed great impact, especially in terms of harnessing wind power for
electricity generation. These findings reflect the alignment of research priorities with the imperative

to mitigate climate change.
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Figure 2. Research Trend

Analysis of publication trends reveals an exponential growth in renewable energy research
output over the past two decades. The exponential curve signifies the escalating interest in the field,
indicating its centrality in the pursuit of sustainable energy solutions. Notably, the growth is driven
by increased cross-disciplinary collaboration, as researchers from diverse fields contribute their

expertise to tackle complex energy and environmental challenges.

Table 2. Results Cluster

Most frequent
Cluster Total keywords Keyword
Items
(occurrences)
1 13 Biomass (20), Energy | Biomass, carbon footprint, construction,
Security (25), contribution, electricity, energy security, energy
Sustainable Energy (25) | sustainability, metric, stability, sustainability
impact, sustainable energy, wind power, work
2 11 Climate Change (20), | Bioenergy, change, climate change, conservation,
Conservation (30) ecosystem service, management, natural resource,
opportunity, role, scenario, water
3 10 Economic Growth (30), | Clean energy, economic growth, energy
Policy (20) conservation, energy demand, energy efficiency,
health, investment, policy, sustainable
development, technology
4 8 Efficiency (20) Efficiency, energy, environmental performance,
evolution, measuring, non renewable resource,
process, renewable resource
5 8 Energy system (25) Building, energy system, energy use, green
building, ica, life cycle, life cycle assessment,
renewable energy technology
6 3 Energy Consumption | Benefit, energy consumption, green roof
(25)

The thematic clusters revealed through analysis provide a nuanced view of the multifaceted
landscape of renewable energy research. These clusters underscore the diverse facets of research
pursuits, ranging from technological advancements and efficiency improvements to economic
growth alignment and policy integration. Moreover, the intersections with climate change,
conservation, and energy consumption reflect the holistic approach required for addressing complex
sustainability challenges.

The clustering analysis enriches our understanding of the interconnectedness of research
themes within renewable energy and environmental sustainability. It highlights how research areas
converge and diverge, offering potential avenues for interdisciplinary collaboration. Policymakers

can draw upon these clusters to identify synergies and prioritize research directions that align with
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overarching sustainability goals. Academics and industry stakeholders can leverage the insights to
foster cross-disciplinary collaboration and address critical knowledge gaps.

It's important to acknowledge certain limitations in the clustering analysis. The approach
may oversimplify complex research themes, potentially overlooking nuanced subtopics.
Additionally, the clustering process relies on predefined algorithms, which might not capture
emerging or highly specialized research areas.

The discussion of thematic clusters serves as a microcosm of the intricate web of renewable
energy research. The findings underscore the diverse array of research directions and highlight the
interplay between technological innovation, policy considerations, economic dynamics, and
environmental stewardship. As renewable energy research continues to evolve, understanding these
thematic clusters becomes integral to steering research agendas and catalyzing impactful

advancements in the pursuit of environmental sustainability.
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Figure 3. Visualization Cluster

The application of cluster analysis to the bibliometric data has revealed distinct thematic
clusters within the renewable energy research landscape. Each cluster encapsulates specific research
themes, prevalent keywords, and key concepts that offer valuable insights into the diversity of

research pursuits.
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Figure 4. Authors Collaboration

Collaboration network evaluation using VOSviewer reveals intricate webs of cooperation

among researchers. Co-authorship networks indicate the prevalence of interdisciplinary

collaborations, highlighting the fusion of engineering, environmental science, and policy expertise.

The emergence of small-world networks underscores the efficient exchange of knowledge and the

rapid dissemination of innovative ideas. International collaborations are particularly pronounced,

bridging geographical boundaries to foster global progress in renewable energy research.

Table 3. 10 High Citations

Citation | Author/Year Title
A partial least squares latent variable modeling approach for
8757 [21] measuring interaction effects: Results from a Monte Carlo simulation
study and an electronic-mall
2743 [22] Sustainability indicators: measuring the immeasurable?
2489 23] Making sustainability work: best practice in managing and measuring
corporate social, environmental and economic impacts
Application of multi-criteria decision making to sustainable energy
2483 [24] _ )
planning-A review
2465 [25] Renewable energy resources
Soil health and sustainability: managing the biotic component of soil
2408 [26] ,
quality
1976 27] Optimization methos applied to reflewable and sustainable energy: A
review
1958 [28] The triple bottom line: What is it and how does it work
1931 [29] Sustainable polymers froms renewable resources
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1784 [30] What is a green solvent? A comprehensive framework for the
environmental assessment of solvents

These key citations collectively highlight the multidimensional nature of renewable energy
research. From modeling techniques and decision-making frameworks to indicators of sustainability
and environmental assessment methodologies, each work contributes to a comprehensive
understanding of how renewable energy initiatives intersect with environmental sustainability. It's
essential to acknowledge that while these key citations provide valuable insights, the selection may
not cover the entire spectrum of seminal works in renewable energy and sustainability
measurement. Additionally, citation analysis might not capture the qualitative impact of these works
on policy, practice, or societal change. The discussion of key citations underscores the rich tapestry
of research contributions that have shaped the renewable energy and sustainability landscape. The
insights derived from these works have paved the way for informed decision-making, policy
formulation, and innovation in the pursuit of environmental sustainability through renewable

energy solutions.

Table 4. Keywords Analysis

Most occurrences Fewer occurrences

Occurrences Term Occurrences Term

60 Life cycle assessment 20 Climate change

54 Technology 20 Electricity

52 Renewable resource 19 Biomass

50 Benefit 19 Construction

47 Conservation 18 Life cycle

46 Energy efficiency 17 Carbon footprint

45 Policy 17 Measuring

45 Building 17 Energy demand

39 Energy consumption 16 Sustainability impact

37 Management 15 Energy security

34 Energy system 15 Economic growth

32 Investment 14 Wind power

30 Process 12 Green building

29 Efficiency 12 Bioenergy

29 Clean energy 10 Ecosystem service

Discussion of Most Occurrences Keywords:

The frequent occurrence keywords underscore the pivotal concepts that reverberate
throughout the renewable energy research landscape, shaping discussions and inquiries. These
terms represent the core pillars upon which the field of renewable energy and environmental
sustainability is built.

Life Cycle Assessment: With 60 occurrences, "Life Cycle Assessment” (LCA) stands as a

foundational concept. LCA serves as a comprehensive tool for evaluating the environmental impact
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of renewable energy technologies, spanning from resource extraction to disposal. This reflects the
field's commitment to holistic sustainability evaluations.

Technology: A recurrent keyword with 54 occurrences, "Technology" underscores the
emphasis on innovative solutions. Research seeks to harness cutting-edge technologies to advance
renewable energy systems, enhance efficiency, and drive transformative change.

Renewable Resource: With 52 occurrences, the emphasis on "Renewable Resource" reaffirms the core
focus of harnessing sustainable and replenishable sources for energy generation. This concept aligns
with the central mission of renewable energy research.

Benefit: The 50 occurrences of "Benefit" highlight the outcomes derived from renewable
energy adoption. Researchers explore the multifaceted benefits, ranging from environmental gains
to economic advantages and improved societal well-being.

Conservation: "Conservation" (47 occurrences) underscores the commitment to preserving
natural resources and ecosystems while transitioning to renewable energy systems. This term reflects

the holistic approach necessary for balancing energy needs and environmental preservation.

Discussion of Fewer Occurrences Keywords:

While fewer in occurrences, these keywords play crucial roles in delving into specific aspects
of renewable energy research, providing nuanced insights into emerging trends and specialized
areas.

Climate Change and Electricity: Despite having fewer occurrences (20 each), "Climate
Change" and "Electricity” remain fundamental concepts. "Climate Change" reflects the overarching
motivation behind renewable energy adoption, while "Electricity” speaks to the energy
transformation's tangible impact on power generation.

Biomass and Construction: "Biomass" (19 occurrences) aligns with the focus on renewable
resources, particularly in bioenergy production. "Construction” (19 occurrences) signifies the
expansion of renewable energy infrastructure, highlighting the integration of sustainable materials
and design.

Carbon Footprint and Measuring: "Carbon Footprint" (18 occurrences) embodies the
assessment of environmental impact, echoing the commitment to low emissions. "Measuring" (17
occurrences) emphasizes the precision and rigor required to quantify the outcomes of renewable
energy strategies.

Energy Demand and Sustainability Impact: "Energy Demand" (17 occurrences) represents
the pivotal challenge of meeting growing energy needs sustainably. "Sustainability Impact" (16
occurrences) underscores the assessment of renewable energy's broader consequences beyond
immediate energy generation.

Energy Security and Economic Growth: "Energy Security" (15 occurrences) underscores the
importance of stable and reliable energy sources, particularly in a renewable context. "Economic
Growth" (15 occurrences) reflects the economic dimensions of renewable energy systems, aligning

with broader sustainable development goals.
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Implications and Insights

The discussion of keyword occurrences highlights the core principles and diverse facets of
renewable energy research. While some terms resonate more prominently, each term contributes to
a holistic understanding of the field's complexities and interconnectedness. The analysis of keyword
occurrences underscores the dynamic landscape of renewable energy research. Whether through
frequent mentions or fewer occurrences, these terms collectively paint a comprehensive picture of
the field's goals, challenges, and the multidimensional approaches taken to achieve environmental

sustainability through renewable energy technologies.

CONCLUSION

In a world grappling with the urgent need for sustainable energy solutions, renewable
energy research stands as a beacon of hope. This study has delved into the intricate tapestry of this
research domain, employing bibliometric analysis to reveal its contours and dimensions. The
thematic clusters uncovered demonstrate the diverse facets of renewable energy research, ranging
from technological innovations and efficiency enhancements to policy integration and economic
growth alignment. The exploration of key citations illuminates seminal works that have catalyzed
advancements in sustainability measurement and environmental assessment. Moreover, the analysis
of keyword occurrences underscores the fundamental concepts that drive the field forward. As the
global community strives for a greener future, the insights gained from this study hold significant
implications. Policymakers can leverage the identified clusters and keywords to inform strategic
decisions and allocate resources effectively. Researchers can draw inspiration from influential
citations and delve deeper into emerging trends highlighted by keyword occurrences. Industry
stakeholders can align their efforts with the core principles and visions encapsulated within the
thematic clusters. However, this study is not without limitations. The quantitative analysis may not
capture the qualitative impact of research on real-world outcomes. Additionally, the focus on
published literature might overlook non-published or gray literature contributions. Despite these
limitations, the study's findings provide a foundational understanding of the landscape of renewable
energy research, opening avenues for future inquiries, interdisciplinary collaboration, and

transformative innovation.
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