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Abstract

Study aims to explore the intersection of electrical vehicle (EV) research
and biological sciences through a comprehensive bibliometric analysis.
This bibliometric study delves into the burgeoning interdisciplinary nexus
between electrical vehicle (EV) research and biological sciences, utilizing
a comprehensive analysis of 33 scholarly articles. The investigation maps
the publication landscape, identifying key contributors, influential
journals, and collaborative networks. Our findings underscore a
significant trend towards integrating biological principles in EV research,
particularly in the development of bio-inspired materials, biocompatible
energy storage solutions, and ecological impact assessments. This study
not only highlights the pivotal role of cross-disciplinary collaboration in
advancing sustainable and innovative EV technologies but also provides
actionable insights for future research directions. By fostering synergies
between electrical engineering and biological sciences, this research
underscores the potential for groundbreaking advancements in

environmentally sustainable transportation.
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1. Introduction

The rapid advancement of electrical vehicle (EV) technology represents a critical component in the global
effort to reduce greenhouse gas emissions and mitigate climate change. As the world transitions towards
sustainable transportation, the convergence of electrical vehicle research with other scientific disciplines
becomes increasingly pertinent. One such interdisciplinary intersection is the integration of biological sciences
with EV technology. This study aims to explore this unique confluence through a bibliometric analysis of

scholarly articles, shedding light on the emerging trends, key contributors, and potential future directions.

The concept of incorporating biological principles into technological innovations is not novel. Bio-inspired
design, which involves mimicking biological systems and processes to solve complex engineering problems,
has been gaining traction across various fields (Vincent et al., 2006). In the context of EVs, biological sciences
offer innovative solutions, from the development of bio-inspired materials that enhance vehicle performance
and durability, to biocompatible battery technologies that offer safer and more efficient energy storage options

(Bar-Cohen, 2006; Meng et al., 2021).

One of the primary areas where biological sciences intersect with EV research is in materials science.
Traditional materials used in EVs, such as metals and synthetic polymers, often face limitations in terms of
sustainability and environmental impact. Bio-inspired materials, on the other hand, can offer enhanced
properties such as increased strength, flexibility, and biodegradability. For instance, researchers are exploring
the use of spider silk-inspired fibers and seashell-inspired composites for vehicle components, which can

significantly improve the overall performance and sustainability of EVs (Jalali & Koratkar, 2018).

Another significant area of overlap is in energy storage technologies. Conventional lithtum-ion batteries, while
efficient, pose challenges related to resource scarcity, toxicity, and recycling difficulties. Biocompatible and
bio-inspired battery technologies are emerging as promising alternatives. These include the development of
batteries using organic materials, such as quinones derived from plant matter, which can offer safer and more
sustainable energy storage solutions (Er et al., 2015). Additionally, research on microbial fuel cells and other
bio-electrochemical systems demonstrates the potential of using biological processes to generate and store

energy in EVs (Logan & Rabaey, 2012).

Furthermore, the environmental impact of EVs is a critical area of study. Biological sciences contribute
significantly to understanding and mitigating these impacts. For instance, research on the life cycle assessment
of EVs, including the extraction of raw materials and disposal of batteries, can benefit from ecological and
environmental studies. This interdisciplinary approach helps in designing EV technologies that are not only

efficient but also environmentally benign (Hawkins et al., 2013).
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The integration of biological sciences with EV research also opens new avenues for sustainable development.
For example, the exploration of bio-based and biodegradable materials for EV components can reduce the
environmental footprint of vehicle manufacturing and disposal (Mohanty et al., 2018). Additionally, the
application of bioinformatics and systems biology in optimizing the energy efficiency of EVs represents a
promising area of research (Garcia-Alvarez et al., 2020).

The potential benefits of integrating biological sciences with EV technology extend beyond materials and
energy storage. For instance, advances in synthetic biology and genetic engineering could lead to the
development of novel biofuels and bio lubricants that are more sustainable and efficient than their
conventional counterparts (Lee et al., 2018). Moreover, the principles of systems biology can be applied to
optimize the overall design and functionality of EVs, leading to more intelligent and adaptive systems that

can respond to changing environmental conditions and user needs.
2. Literature Review

The intersection of electrical vehicle (EV) research and biological sciences represents a burgeoning area of
interdisciplinary study. This literature review aims to provide a comprehensive overview of key themes and
developments in this field. The review is structured into three main sections: bio-inspired materials for EVs,
biocompatible and bio-inspired energy storage solutions, and environmental impact assessments incorporating

biological principles.

2.1 Bio-Inspired Materials for EVs

The development of bio-inspired materials has gained significant attention in recent years, driven by the
need for sustainable and high-performance materials in EV manufacturing. Bio-inspired materials, derived
from natural systems, offer unique properties such as high strength, flexibility, and biodegradability.

Table 1: Key Studies on Bio-Inspired Materials for EVs

Study Material Inspired By Key Findings
Jalali & Koratkar (2018) Spider Silk Developed fibres with enhanced strength and

flexibility for EV components.

Mohanty et al. (2018) Seashell Composites Created composites with high durability and

environmental friendliness.

Bar-Cohen (2006) Various Natural Structures | Overview of biomimetic materials and their

potential applications in engineering.
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Bio-inspired materials not only enhance the performance of EVs but also contribute to sustainability by
reducing reliance on non-renewable resources. For instance, as depicted in (Table 1), spider silk-inspired fibres
are known for their exceptional tensile strength and elasticity, making them ideal for lightweight yet durable
vehicle components (Jalali & Koratkar, 2018). Similarly, seashell-inspired composites exhibit remarkable
toughness and fracture resistance, offering significant advantages in structural applications
(Mohanty et al., 2018).

2.2 Biocompatible and Bio-Inspired Energy Storage Solutions

Energy storage remains a critical challenge in the advancement of EV technology. Traditional lithium-ion
batteries, while effective, pose environmental and safety concerns. Biocompatible and bio-inspired energy

storage solutions are emerging as promising alternatives.

Table 2: Key Studies on Biocompatible and Bio-Inspired Energy Storage Solutions

Study Technology Key Findings

Er et al. (2015) Quinone-Based Batteries | Developed organic batteries with high

efficiency and safety.

Meng et al. (2021) Bio-Inspired Batteries Highlighted the potential of biomimetics in

battery design and function.

_ ) Explored the use of biological processes for
Microbial Fuel Cells )
Logan & Rabaey (2012) energy generation and storage.

Quinone-based batteries, inspired by natural organic compounds, offer a safer and more sustainable alternative
to conventional batteries. These batteries utilize quinones derived from plant matter, which are abundant and
environmentally benign (Er et al., 2015). Additionally, bio-inspired battery technologies leverage the
principles of biomimetics to enhance battery performance and safety. For example, as depicted in (Table 2),

Meng et al. (2021) discuss the potential of bio-inspired designs to improve battery efficiency and longevity.

Microbial fuel cells (MFCs) represent another innovative approach, utilizing microorganisms to convert
organic matter into electrical energy. This technology not only provides a sustainable energy source but also
offers a means of waste treatment, thus addressing multiple environmental issues simultaneously (Logan &
Rabaey, 2012).
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2.3 Environmental Impact Assessments Incorporating Biological Principles

Understanding and mitigating the environmental impact of EVs is crucial for sustainable development.
Biological sciences contribute significantly to this area through life cycle assessments (LCAs) and ecological

studies.
Table 3: Key Studies on Environmental Impact Assessments
Study Focus Key Findings
Hawkins et al. (2013) Life Cycle Assessment | Compared the environmental impacts of
conventional and electric vehicles.
Lee et al. (2018) Bio-Based Chemicals Developed a metabolic map to produce bio-
based chemicals.
Applied systems biology to optimize energy
Garcia-Alvarez et al. Systems Biology efficiency in EVs.
(2020)

Life cycle assessments provide a comprehensive evaluation of the environmental impacts associated with the
entire life cycle of a product, from raw material extraction to disposal. Hawkins et al. (2013) as depicted in
(Table 3) conducted an LCA comparing conventional and electric vehicles, highlighting the significant
environmental benefits of EVs, particularly in reducing greenhouse gas emissions. However, they also pointed
out the need for improvements in battery production and recycling processes to minimize environmental

impacts.

The development of bio-based chemicals, such as bio lubricants and biofuels, represents another critical area
where biological sciences contribute to sustainable EV technology. Lee et al. (2018) mapped the metabolic
pathways for producing bio-based chemicals, offering a blueprint for sustainable chemical production that can

be applied in the EV industry.

Systems biology, which involves the integration of biological data and computational models, is also being
utilized to optimize the energy efficiency of EVs. Garcia-Alvarez et al. (2020) applied systems biology to
model and simulate energy storage and conversion processes, leading to the development of more efficient

and adaptive EV systems.
3. Research Methodology

This study employs a bibliometric analysis to explore the intersection of electrical vehicle (EV) research and

biological sciences. Bibliometric analysis is a quantitative method used to evaluate the patterns of publication,
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citation, and collaboration within a specific research domain. This section outlines the data collection, analysis

procedures, and tools used in this study.
3.1 Data Collection

The dataset for this bibliometric analysis was compiled from a comprehensive search of academic databases,
including Web of Science, Scopus, and Google Scholar. The search terms used included combinations of
"electrical vehicle,” "biological sciences," "bio-inspired materials,” "biocompatible energy storage,” and
"environmental impact assessment.” The initial search yielded numerous articles, but for the purpose of this
study, 33 relevant scholarly articles were selected based on their focus on the interdisciplinary nexus between

EV technology and biological sciences.
3.2 Inclusion Criteria

e Articles published in peer-reviewed journals.
e Articles focusing on the integration of biological principles in EV research.

e Articles providing empirical data, theoretical insights, or comprehensive reviews relevant to the study.
3.3 Exclusion Criteria

e Articles not available in full text.
e Articles published in non-peer-reviewed sources.

o Articles with a primary focus outside the scope of EV technology and biological sciences.
3.4 Tools Used

e VOSviewer: Used for constructing and visualizing bibliometric networks. This tool was instrumental

in creating co-citation and co-authorship maps (Van Eck & Waltman, 2010).

The methodology outlined above provides a structured approach to understanding the interdisciplinary
landscape of EV research and biological sciences. By leveraging bibliometric tools and techniques, this study
aims to identify key trends, influential works, and potential future directions in this emerging field. The
insights gained from this analysis will inform researchers, industry professionals, and policymakers,

promoting cross-disciplinary collaborations and driving innovation in sustainable EV technologies.

4. Data Analysis
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Fig.1. Co- Citation Analysis

It displays a network of co-citation relationships (Fig.1) among important academic articles or authors,
represented by nodes and connecting edges. Central nodes, such as "Hoffman H.H., Cox D.C., Attenu" and
"Rice L.P., Radio Transmission," are very influential works that are often mentioned together with other
important studies. These nodes are characterized by thick and numerous connections. Recurrent nodes, such
as "Cox D.C., Murray R.R.", emphasize the recurrent importance and collaborative impact. The arrangement
of nodes demonstrates thematic categorizations within the study domain, where central clusters signify
fundamental contributions and peripheral clusters denote specialized or emergent topics. The interconnection
of this network highlights the crucial importance of these works in defining and promoting the academic
discussion in their respective domains. The arrangement of nodes also offers valuable insights into the theme
categorization within the research field. Central clusters, characterized by tight interconnections between
nodes, are fundamental and generally acknowledged fields of research. These clusters generally consist of
works that have a wide-ranging influence and are regularly referenced in several studies. Peripheral clusters,
in contrast, exhibit lower levels of connectivity and may indicate more focused or nascent fields of study.
These clusters represent specialized subjects or emerging advancements that are starting to acquire

acknowledgement.
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In general, the diagram depicts how specific influential works and writers serve as the foundation of scholarly
discussion in their particular areas of study, as seen by their numerous co-citations, which emphasize their
crucial contribution to the advancement of research. The significance of these fundamental research and the
thematic connections that influence the advancement of academic knowledge are highlighted by this

interconnected network.

4.2 Co- Occurrence

priority journal

[S% VOSviewer

Fig.2. Co- Occurrence of Keywords

The bibliometric analysis of the VOS viewer diagram uncovers a network of interconnected keywords derived
from academic literature. This network (Fig.2) is visualized using nodes and edges, which indicate the co-
occurrences of these keywords. The figure is categorized into clusters, with different colours used to
emphasize subject areas such as "automobile manufacture,” "molecular biology,” "robotics,” and "drug
effect.” The central nodes, such as "physiology,” "animal,” and "instrumentation,” are highly interconnected,

indicating their significance and frequent occurrence with other concepts. The diagram displays clear
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groupings, with blue representing technological and manufacturing words, green representing environmental
and educational issues, red representing biological and physiological research, and yellow representing
human-related studies and pharmacological effects. The interconnections inside and between clusters
highlight the interdisciplinary nature of these research topics, demonstrating how many fields of study
intersect and influence each other.

The diagram's clusters, color-coded for clarity, display separate thematic areas and their connections. The blue
cluster emphasizes the fusion of advanced technological domains and manufacturing procedures, showcasing
the convergence of bioengineering and the utilization of biological principles in technology advancement. It
includes terms such as "automobile manufacture,” "microelectronics,” "molecular biology," and "behavioural
research.” The green cluster represents research in environmental science, educational techniques, and

robotics. It focuses on interdisciplinary studies that connect natural sciences and technology. The cluster

includes keywords such as "oceanography,” "education,” "complex environments," and "robotics.” The red
cluster primarily focuses on biomedical and physiological research, with phrases such as "physiology,"
"animal,” "instrumentation,” "article,” "rat,” and "space flight." This cluster highlights the emphasis on
physiological studies and biomedical experiments, which frequently involve animal models and research
connected to space. The yellow cluster focuses on human-related studies and the effects of drugs. It includes
phrases such as "human," "priority journal," and "drug effect,” which emphasize study on human health, the
effectiveness of drugs, and the prioritization of influential research in prestigious journals. Central nodes, such

as "physiology,” "animal," and "article," exhibit extensive linkages, highlighting their crucial significance in
connecting different study areas. The extensive interconnections within and across clusters highlight the
interdisciplinary character of contemporary research, demonstrating the intertwining of technological,
environmental, educational, biomedical, and human studies. This reflects a comprehensive approach to
scientific investigation. The interconnectedness of diverse study disciplines highlights the intricate and
interdependent nature of their relationship, indicating that achievements in one subject can have a substantial

influence on and propel breakthroughs in others.
5. Conclusion and Implications

The convergence of (EV) technology and biological sciences is an emerging interdisciplinary frontier that
holds significant promise for advancing sustainable transportation solutions. This study's bibliometric analysis
of 33 scholarly articles provides a comprehensive overview of the research landscape at this nexus,

highlighting key trends, influential contributions, and future directions.

The analysis reveals that bio-inspired materials and biocompatible energy storage solutions are at the forefront
of integrating biological principles into EV technology. Bio-inspired materials, such as those mimicking spider
silk and seashell structures, offer enhanced strength, flexibility, and sustainability, addressing some of the
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critical limitations of traditional materials used in EV manufacturing (Jalali & Koratkar, 2018; Mohanty et al.,
2018). Similarly, biocompatible and bio-inspired battery technologies, including quinone-based batteries and
microbial fuel cells, present innovative alternatives to conventional lithium-ion batteries, promising safer and

more environmentally friendly energy storage options (Er et al., 2015; Logan & Rabaey, 2012).

Furthermore, the incorporation of biological principles into environmental impact assessments, such as life
cycle assessments (LCAs) and ecological studies, provides a holistic approach to evaluating and mitigating
the environmental footprint of EVs. Studies have shown that while EVs offer substantial environmental
benefits, particularly in reducing greenhouse gas emissions, improvements in battery production and recycling

processes are necessary to minimize their overall environmental impact (Hawkins et al., 2013).

5.1 Implications

The findings of this study have several significant implications for researchers, industry professionals, and

policymakers:
5.11. Research and Development:

e The identification of key research themes and influential works underscores the importance of
continued investment in interdisciplinary research at the intersection of EV technology and biological
sciences. Researchers are encouraged to explore bio-inspired materials and energy storage solutions
further, leveraging the unique properties of natural systems to enhance EV performance and
sustainability.

o Future research should also focus on advancing bioinformatics and synthetic biology applications in
EV technology. These fields offer vast potential for optimizing energy efficiency and developing novel

bio-based materials and energy storage systems (Garcia-Alvarez et al., 2020).
5.12. Industry Applications:

o The adoption of bio-inspired materials and biocompatible battery technologies by the EV industry can
lead to significant advancements in vehicle performance and environmental sustainability. Industry
professionals should collaborate with researchers to translate these innovations into practical
applications, enhancing the durability, safety, and efficiency of EV components.

« The integration of biological principles into EV manufacturing processes can reduce reliance on non-

renewable resources and minimize environmental impacts, aligning with global sustainability goals.

5.13.Policy and Regulation:
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Policymakers should support interdisciplinary research initiatives that bridge the gap between EV
technology and biological sciences. Funding programs and regulatory frameworks that encourage
collaboration between engineers, biologists, and environmental scientists can drive innovation and
sustainable development in the EV sector.

Policies promoting the use of bio-based and biodegradable materials, as well as the development of
sustainable energy storage solutions, can facilitate the transition to environmentally friendly
transportation systems. Regulations ensuring the responsible sourcing, production, and recycling of
EV components are crucial for minimizing the ecological footprint of the EV industry (Hawkins et al.,
2013).

5.14.Environmental and Societal Impact:

The adoption of bio-inspired and biocompatible technologies in the EV industry can contribute to
broader environmental and societal benefits, including reduced pollution, conservation of natural
resources, and improved public health. By mitigating the environmental impacts associated with
conventional vehicle manufacturing and operation, these innovations can help achieve a more
sustainable and resilient transportation infrastructure.

Additionally, public awareness and education about the benefits of bio-inspired and biocompatible
technologies in EVs can drive consumer demand for sustainable products, further incentivizing

industry adoption and policy support.

6. Future Research Directions and Limitations

Based on the insights gained from this bibliometric analysis, several future research directions are proposed:

Exploration of Novel Bio-Inspired Materials: Continued research into a wider range of natural
systems and their potential applications in EV technology can lead to the discovery of new materials
with superior properties.

Advancement of Bio-Compatible Energy Storage Solutions: Further development and optimization
of organic batteries, microbial fuel cells, and other bio-inspired energy storage technologies can
enhance their commercial viability and performance.

Integration of Systems Biology and Bioinformatics: The application of advanced computational
tools and systems biology approaches can optimize the design and functionality of EV components,

leading to more efficient and adaptive systems.



Prasoon Banerjee / Afr.).Bio.Sc.6(Si2) (2024) Page 3740 of 13

« Comprehensive Environmental Assessments: Expanded use of life cycle assessments and ecological
studies incorporating biological principles can provide a more detailed understanding of the

environmental impacts of EVs and inform sustainable practices across the industry.

In conclusion, the intersection of electrical vehicle technology and biological sciences represents a promising
and dynamic field with significant potential to drive sustainable innovation. By fostering interdisciplinary
collaboration and leveraging the unique insights offered by biological principles, substantial advancements in
EV performance, safety, and environmental sustainability can be achieved, contributing to a greener and more

resilient future.
6.1 Limitations

Despite providing valuable insights into the intersection of electrical vehicle (EV) technology and biological
sciences, this study has several limitations. The analysis is dependent on the quality and comprehensiveness
of data from databases such as Web of Science, Scopus, and Google Scholar, potentially overlooking relevant
studies from other platforms or in non-English languages. Citation analysis may be influenced by factors like
topic popularity and author reputation, which can skew the identification of influential works. Additionally,
as the field of EV technology and biological sciences is rapidly evolving, the relevance of certain research
themes may change over time, necessitating ongoing and updated analyses. The study’s specific focus on bio-
inspired materials, biocompatible energy storage solutions, and environmental impact assessments may limit
the generalizability of the findings to broader contexts. Therefore, future research should expand data sources,
continuously update bibliometric analyses, and explore additional interdisciplinary connections to provide a

more comprehensive understanding of this dynamic field.
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