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Abstract: (1) Background: The demand for electricity in rural and urban areas has given rise to
numerous related industries, resulting in perilous working conditions and a significant number
of safety accidents for workers. In recent years, there has been an increasing focus on improving
occupational safety and health in the electric power industry. However, the lack of a systematic
review or the integration of disaggregated studies has hindered our understanding of the state of
the development of this research field. This study aims to provide bibliometric and scientometric
network analyses and explore the untapped potential of digital pathways. (2) Methods: A bibliometric
analysis focused on the research cooperation, author keywords, and journal co-citation patterns of
studies was carried out, while a temporal trend analysis was employed to identify topical focuses
and trends for further research on the occupational safety and health of electrical workers. Papers
were searched for across three databases, namely Web of Science, Scopus, and Google Scholar. Using
“occupational safety and health” and “electric power industry” as keywords, the articles published
from 1991 to 2022 were retrieved. (3) Results: A total of 608 articles published from 1991 to 2022 were
collected for the bibliometric analysis. Four clusters were successfully recognized in the search results
after adopting the process of cluster analysis based on a total of 608 articles. As for the countries,
most of the publications and citations came from the United States. The most frequent keywords
were safety, exposure assessment, electrocution, and electrical injury. (4) Conclusions: This is the
first study to highlight occupational safety and health in the electric power industry and provides
valuable insights into the knowledge structure, emerging trends, and future directions through the
lens of digital pathways. This study sheds light on the importance of digital pathways in enhancing
occupational safety and health practices within the industry. The findings contribute to the fields of
occupational safety management and health promotion, providing a foundation for future research
and interventions aimed at improving safety conditions and promoting the well-being of personnel
in the electric power industry.

Keywords: occupational safety and health; bibliometric analysis; scientometric network; electric
power industry; digital technologies; internet of things

1. Introduction

The electric power industry poses significant risks to workers, with a wide range of
hazards such as electrocution, electric shock, burns, and falls [1,2]. These hazards have
resulted in severe injuries and fatalities, making electricity a leading cause of occupational
injuries and deaths. For instance, in the United States, electricity is the fifth leading cause
of occupational injury death (7% of all workplace fatalities), posing a particular hazard to
workers who regularly work in proximity to power sources [3]. Liu et al. [4] reported that
electrocution accounted for 14.6% of all fatal accidents in Taiwan and was the second leading
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cause of occupational fatalities after falls (30%). Additionally, the Occupational Safety and
Health Administration reports data showing an average of 12,976 lost workday accidents
and 86 fatal accidents per year related to workers in the power generation, transmission,
and distribution industries [2]. The economic costs associated with poor health records and
electrical accidents are substantial, impacting workers, employers, insurance companies,
and society at large [5,6].

In recent years, there has been a growing recognition of the importance of occupa-
tional safety and health in the electric power industry for the sustainable development of
organizations [7,8]. Previous studies have accumulated knowledge of hazard scenarios
and effective management measures to address these hazards [9,10]. Narine [11] high-
lighted four key risk scenarios associated with serious accident triggers: direct contact
with live power sources; improper wearing of protective equipment; improperly installed
or damaged equipment; and unsafe operation and unconsciousness of personnel. Safety
interventions, such as the “Knowledge-driven Recognition Methodology” and the “Im-
proved Bode Accident Causation Model”, have been implemented to mitigate hazards in
the electrical power industry [1,12]. Additionally, various occupational health studies have
identified key causes of accidents and occupational diseases, such as unsafe equipment
or installation, undesirable environment, and improper work practices [13], leading to
interventions like the “Workplace Wellness Program” and the “Health in Working Life
Program” [14] to mitigate and reduce health hazards affecting the electrical workforce.

Occupational safety and health aim to prevent workplace hazards, eliminate diseases,
and ensure the well-being of individuals [15,16]. In the electric power industry, occupa-
tional safety and health is a significant issue, both legally and economically. It requires
a comprehensive understanding of the scientific developments in the area. While narra-
tive analyses are commonly used in literature reviews related to this aspect, they can be
subjective and biased [17]. On the other hand, scientometric analysis approaches provide
a transparent, reproducible, and principled assessment of research areas [18]. However,
these approaches have not been used yet in the assessment of electrical safety and occu-
pational health. Furthermore, despite the advancements in digital technologies that have
revolutionized various industries, their potential impact on enhancing safety and health
practices in the electric power sector remains relatively unexplored.

To address these concerns and gaps, this study conducted a bibliometrics-based
systematic review using scientific mapping and scientometric network approaches to
analyze the research field of occupational safety and health in the electric power industry.
The specific objectives of this study are (1) to analyze the influential journals, keywords,
regional cooperations, and research states using a scientific mapping approach; (2) to
uncover existing trends, patterns, and interconnections of relevant research themes; (3) to
discuss the existing research limitations or gaps; and (4) propose a research framework to
guide future implications of digital pathways. This review-based study aims to provide
researchers and practitioners with a systematic and quantitative overview of potential
research frontiers and recommendations for future research in the field of occupational
safety and health in the electric power industry.

2. Materials and Methods

This study adopted a three-part analytical approach to conduct a systematic liter-
ature review, summarize the research areas, and identify promising research trends in
and perspectives of occupational safety and health studies related to the electric power
industry. The scientific mapping approach was used to achieve bibliometric analysis and
scientometric visualization. The review process followed a three-step approach, namely,
literature collection, scientometric analysis, and qualitative discussion.

2.1. Literature Collection

The first step of the review was a bibliometric search across three different databases,
namely Web of Science, Scopus, and Google Scholar. Bibliometrics is a research method that
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uses quantitative analysis and statistics to study and measure patterns within academic
publications, such as journals, articles, and citations. By employing bibliometric techniques,
the researchers were able to systematically identify and retrieve relevant literature for
the study [19]. Using “occupational safety and health” and “electric power industry” as
keywords, the articles published from 1991 to 2022 were retrieved, and a total of 1091 articles
were retrieved. These articles were further screened by removing conference papers with
low-value or non-useful information [19]. Afterwards, 827 papers remained in the literature
sample. The scope of collected papers was further narrowed as this review mainly deals
with people-centered safety and occupation health issues in the electric power industry.
Some papers involving irrelevant issues, such as grid structural safety and material safety
for power station construction, were excluded. Ultimately, a total of 608 journal articles
were selected as literature samples for the subsequent scientometric analysis.

2.2. Scientometric Analysis

The next step involved a scientometric analytic method, applying four powerful
text-mining tools for co-citation and co-occurrence analysis to visualize and explore the
current states and emerging trends in the research domain, i.e., VOSViewer version 1.6.3,
Gephi version 0.9.2, Pajek 64, and CiteSpace version 5.7.R2 [20,21]. The scientometric anal-
ysis combined two key methodological approaches: scientific mapping and scientometric
network analysis. Scientific mapping techniques, such as co-citation and co-occurrence
analysis, were used to create distance-based visualizations of the knowledge structure.
These visualizations, generated through VOSViewer and Gephi, depict the relationships
between influential publications, authors, and research themes, with the distance between
nodes representing the degree of similarity [17]. In parallel, scientometric network ap-
proaches were applied using Pajek and CiteSpace to examine the temporal evolution and
research milestones within the domain. The main path detection functions in these tools
allowed the researchers to trace the development of prominent research topics and their
interconnections over time [22]. Additionally, HistCite (version 2.0) was utilized to perform
basic statistical analyses on the publication metadata, such as publication years, countries,
and journals in terms of key indicators of knowledge domain development. The study
applied the global citation index to represent the impact of cumulative publications on
a topic.

2.3. Qualitative Discussion

Although bibliometric analysis can analyze a large set of data and provide general
publication trends in a specific domain, it does not provide detailed information on research
content [23]. Therefore, a content analysis was further performed to gain insight and
explore the temporal evolutions of research topics [18]. Based on the scientometric analysis
conducted in the previous step, the subsequent qualitative discussion aims to provide an
in-depth evaluation of the main research objectives related to the mainstream research
topics, current research gaps or limitations, and recommendations for future work in the
field of occupational safety and health in the electric power industry. Finally, a research
framework linking the identified research topics to future perspectives and directions is
proposed for researchers and practitioners in academia to continue related research work.
Figure 1 shows a flow diagram of the scientometric network analysis.
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Figure 1. Flow diagram of the scientometric network analysis.

3. Results
3.1. Descriptive Data Analysis

The distribution of the annual publication of papers from 1991 to 2022 is shown in
Figure 2, which shows that, since 1991, scholars have gradually paid more attention to the
occupational safety and health of personnel in the electric power industry. A remarkable
development was observed between 2015 and 2019, with an incredible increase in publi-
cations over this period. The highest number of publications was observed in 2019, with
40 articles published in one year. The increase in the number of papers indicates that the
research on occupational safety and health in the electric power industry has attracted
widespread attention from scholars and has become an important part of electric power
safety research.
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Figure 2. Distribution of paper publications and global citations between 1991 and 2021.

The high number of citations worldwide is a testament to the flourishing nature of
this excellent research. A total of 608 articles were collected which received 18,974 citations
worldwide, with an average of 32 citations per article. Despite some fluctuations, global
citations are on the rise. The average number of citations per paper peaked at a record of 50
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in 2015, before arguably decreasing due to the time it takes for the cumulative effects of
new publications to take effect (shown in Figure 2).

3.2. Countries/Regions Cooperation Analysis

The scope of research cooperation between countries and regions demonstrates the
global attention to and international influence of occupational safety and health research
related to the electric power industry. A total of 70 countries/regions were represented
by the 608 papers, of which 68.57% published more than one paper between 1991 and
2022. Figure 3 shows the top 17 countries with the most prolific paper publications (at
least 10 papers) and their global citations, indicating the number of times all papers have
been cited worldwide. Productive countries that contribute more papers contributions tend
to perform higher in global citations. For instance, the United States leads the research
field with 180 articles published and is also the highest in terms of global citations (3964),
indicating its dominance in the field of occupational safety and health research in the
electric power industry.
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Figure 3. Top 17 most productive countries for paper publication in global range.

Gephi was applied to visualize the cooperative relationships between countries and
regions. The threshold was set to six, which meant that countries or regions with less than
six papers were not included in the cooperation analysis. Finally, 26 countries remained in
the scientometric network, as shown in Figure 4. The size of the nodes and the thickness of
the edges were determined by the software-generated weighting degree, consistent with
the citation relationships between countries [24]. As indicated by larger node sizes and
thicker edges, the United States, China, and England were identified as three influential
countries with frequent international cooperation with other countries such as Canada,
Switzerland, Spain, France, Sweden, etc. China is one of the developing countries that can
be seen to be among the leading contributors and active cooperators given the remarkable
node size and edge thickness. With rapid economic development and the huge growth in
the demand for electricity and electricity consumption in the past few decades, the Chinese
government and society have attached great importance to the occupational safety and
health of labors in the electric power industry to obtain a sustainable and robust workforce
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in specific industries [25]. Meanwhile, most developing countries, such as Nigeria, Turkey,
India, Brazil, and Iran, play a smaller role, as can be seen from their ties in the cooperation
network, and have less impact on outcomes. However, considering the development
background of energy consumption, population explosion and electricity supply demand,
the occupational safety and health of electrical personnel is worthy of attention.

soutf@frica
nof@ay denf@ark

Figure 4. Countries’ cooperation network in occupational safety research of electricity personnel.

3.3. Journal Co-Citation Analysis

The 608 selected articles were published in 257 different journals, most of which
published only one paper (61.74%). The visualization of the journal co-citation network
was implemented using Gephi, and only the top 20 journals with the most co-citation
relationships were included in the co-citation network. Table 1 lists the top ten productive
journals according to weighted link strength. The weighted degree yielded by Gephi
reflects the centrality of each node in the network, which is equal to the sum of the edge
weights associated with a given node [26]. The higher the weight, the greater the influence
of a node in the research field.

Table 1. Top 10 productive journals in co-citation network.

Name of Journal Impact Factor (2021) Global Citation Weighted Link Strength
International Journal of Environmental Research
and Public Health 4614 168 10
Safety Science 6.392 694 8
American Journal of Industrial Medicine 2214 165 8
Occupational And Environmental Medicine 4.948 460 5
Journal of Occupatzonql and Environmental 3.359 264 5
Hygiene
IEEE Transactions on Industry Applications 4.079 190 5
Journal of Safety Research 4.264 124 4
Work-A Journal of Prf'zz'Jent'zon Assessment & 1169 34 4
Rehabilitation
Journal of Cleaner Production 11.07 352 2
Energy 8.857 26 2

Figure 5 shows the co-citation network layout for two clusters grouped by the theme
of the journals, namely safety engineering in industrial practice (10 papers in red) and
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occupational health and treatment of the personnel (10 papers in blue). Each node repre-
sents a particular journal, and its size was determined by the strength of the link with the
corresponding publications.
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Figure 5. Journal co-citation network of occupational safety and health of electrical personnel.

As shown in Figure 5, Safety Science is the leading journal in cluster 1 (red), consistent
with the strength of its links with other journals. The significant citation relationships
between Journal of Safety Research, Work-A Journal of Prevention Assessment and Rehabilitation,
IEEE Transactions on Industry Application, Journal of Clean Production, and Energy indicate
that there are further research topics related to safety engineering combined with the new
energy revolution, industrial injuries prevention assessment, and rehabilitation and its
application in industrial management.

In cluster 2 (blue), International Journal of Environmental Research and Public Health is the
core journal given its substantial information outflows (through citation relationships) to
Occupational and Environment Medicine, British Journal of Industrial Medicine, American Journal
of Industrial Medicine, and Journal of Occupational and Environmental Hygiene. The existing
co-citation relationships highlighted promising research topics in the field of occupational
treatment, specific drug development, and environmental hygiene management in the
electric power industry.

The role of International Journal of Environmental Research and Public Health and American
Journal of Industrial Medicine should be emphasized as they created information outflows
between the two clusters by linking to the significant co-citations of Safety Science and
Journal of Safety Research.

3.4. Keywords Co-Occurrence Analysis

Keyword co-occurrence helps us to examine the internal correlations between studies
and discover promising research topics using VOSViewer and Gephi. The co-occurrence of
the author’s keywords constituted the network linkage between different nodes. A total
of 217 author-specified keywords were extracted from 608 papers based on bibliometric
data. The threshold of keyword co-occurrence was set to more than three times to remove
insignificant correlations, and eventually, 76 keywords remained. Figure 6 depicts the
layout of the keywords co-occurrence network drawn by VOSViewer. Four clusters were
generated based on the proximity of various topics related to the occupational safety and
health of electrical personnel. The four clusters are shown in Figures 7-10.
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Gephi was further applied to subdivide the entire network based on clustering.
Figure 7 shows the keywords in cluster 1, which are mainly related to safety, accidents,
and hazards in the electric power industry. Specifically, the research topics covered by the
cluster highlighted the focus on the dominant factors in the subjectivity of and possible
solutions to safety accidents in the electric power industry. For instance, occupational
heat stress caused by adverse climate change and insufficient technical skills can lead to
personnel accidents and illness among indoor and outdoor electricians. Ignition and dust
explosions during power generation can cause personnel injuries. Furthermore, within
this cluster, “ergonomic simulation,” “safety training”, “life cycle assessment”, and “re-
silience engineering” represent potential solutions that can mitigate the occurrence of safety
accidents in the electricity industry.

As shown in Figure 8, cluster 2 mainly covers studies related to occupational ex-
posure and the major diseases in the electric power industry. Epidemiological research
has demonstrated there are correlations between unhealthy occupational exposures of
electrical workers to air pollution, toxicity, the electromagnetic environment and negative
body injuries and diseases, such as cancer, burns, endotoxin contamination, and brain
disease. Considering the severity of occupational diseases (cardiovascular and respiratory
diseases, lung cancers, diabetes) among electricians in China, the regional situation in
China is highlighted. Workers in the power supply industry typically perform a significant
amount of outdoor circuit operation and maintenance during shift time and are therefore
more vulnerable to unsafe occupational exposures. Previous studies have proposed some
key points to eliminate negative occupational exposures to risk sources, namely exposure
assessment, cohort studies, exposure guidelines, etc.

The keywords in cluster 3 are shown in Figure 9, which can be further summarized as

7

electrical accident management, including “electrocution”, “electrical shock”, “magnetic
field radiation”, “electrical burn”, and “electrical pollution”. Specifically, fatal and nonfatal
electric shocks are often the result of improper procedures and inadequate protective equip-
ment. Magnetic field radiation from adverse occupational exposure often causes serious
illnesses such as dizziness, fatigue, palpitation, and anemia. Electric shock burns caused
by common reasons such as voltage fluctuation, short circuits, and poor heat dissipation
can cause huge amounts of damage to property and risk human safety. Electrical pollution
from arcing, dust, and toxic radioactive substances can cause irreversible damage to the
lungs, trachea, blood, skin, eyes and nervous system. Scholars have proposed a variety of
ideas and solutions to mitigate the occurrence of electric shock injuries. Safety management
through accident analysis has attracted the attention of researchers. Establishing safety
standards and regulations is an effective way to avoid occupational safety accidents in the
electric power industry.

Figure 10 demonstrates that the keywords included in cluster 4 are related to risk
management in the renewable energy revolution, especially in the power generation indus-
try. Safety management in the nuclear power industry has been emphasized many times.
Nuclear pollution is impalpable, irreversible, and extremely harmful to human organs. For
instance, nuclear radioactivity produced by improper waste disposal cannot be eliminated
by ordinary physical, chemical, and biological methods, thus causing irreversible damage
to the blood system, reproductive system, and digestive system. The key processes within
risk management include risk assessment, risk analysis, optimization, and maintenance.
The authors also focus on the sustainability and renewability of electricity energy appli-
cations. In recent years, biomass, microorganisms, and hydrogen power generation have
shown a growing trend in industrial applications. Considering the uniqueness of these two
fields, that is, the explosiveness and vulnerability of leakage, the occupational safety and
health issues affecting electrical personnel should be highly valued.

3.5. Temporal Trend Analysis

To further verify the temporal evolution of the research topics implied in the keywords
analysis, the burst detection program provided by the CiteSpace software was carried
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out to examine the strength of the burst terms extracted from the four clusters. Terms
with a strong burst strength represent a significant short-term growth and often herald
the emerging trends of research topics. Pajek 64 was adopted to pre-identify key research
topics within each cluster. The weight of the strength of each keyword was calculated using
the equation below [27]:

Weich TP;

©18"t = T
where TPj is the aggregate of paths in network j, including keyword i, and TSS; is the sum
of paths between the origins and terminuses in network j. Specifically, 10 strong burst terms
were identified in each cluster.

Table 2 presents the burstiness of key research topics in cluster 1 from 1991 to 2022. In
the field of safety and ergonomics in the electric power industry, scholars have paid great
attention to the safety issues of electricians, given the explosive dominance of the keywords
“Safety” and “Electricians” from 1991 to 2003. Key issues and underlying dominant factors
were identified by previous studies from 2004 to 2008, namely, “Occupational heat stress”
(2004), “Ignition” (2005-2007), and “Dust explosion” (2008). Accordingly, researchers
began to consider the combination of “Ergonomic” theories and techniques with the safety
development of electrical personnel during 2009-2010, and frequently developed safety
intervention programs. Among the terms with a high burst strength are “Simulation
(2011-2013) and “Training (2014-2018)”. Over the past few years, there has been increased
interest in innovative technologies to improve the accuracy and efficiency of electrical safety
intervention training and education. This was consistent with the strong burst terms “Life
cycle assessment (2019-2020)” and “Resilience engineering (2021-2022)".

Table 3 shows the temporal trend of research topics in cluster 2 and the top 10 research
topics involved in the keywords network. The outbreak of the keyword “Epidemiology”
from 1991 to 1993 and the keyword “Cancer” in 1994 made the trend of occupational
exposure issues relevant started the trend for epidemiological research on the occupational
health of and diseases affecting electrical workers. Shortly after, researchers found the
impact of adverse “Occupational exposure” (1998-2002) on electrical workers in envi-
ronments as affected by “Indoor pollution” (1995-1996) and “Endotoxin” environments
(1997). Therefore, given the burstiness of the terms “Exposure assessment” (2003-2010) and
“Exposure guideline” (2011-2012), researchers set out to find solutions to eliminate unsafe
occupational exposure using quantitative assessments and work guidelines. The specific
vulnerability to exposure of personnel in “Electromagnetic” work fields was highlighted
(2014-2021) given the negative impact of radiation on the human body. In addition, consid-
ering the strong outbreak of the keywords “Electricity supply industry” in 2022, workers in
the power supply industry were proved to suffer from a significant amount of occupational
exposure in hazardous environments.
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Table 2. Burstiness of key research topics in cluster 1.

Keywords Strength Start Year End Year Burstiness (from 1991 to 2022)
Safety 10 1991 2000 ' T —— — —
Electrician 3 2001 2003 — ] —
Occupational heat stress 1 2004 2004 - —
Ignition 3 2005 2007 — -— ———— —
Dust explosion 1 2008 2008 - -—
Ergonomic 2 2009 2010 s e B - —
Simulation 3 2011 2013 — — —— —
Training 5 2014 2018 — — N O O O e s s s
Life cycle assessment 2 2019 2020 — s O O s
Resilience engineering 2 2021 2022 — —
Electrician Ergonomic

Resilience

Training engineering

Occupational A .. A Life circle
R ) Dust explosion Simulation
Safety heat stress assessment
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Table 3. Burstiness of key research topics in cluster 2.
Keywords Strength Start Year End Year Burstiness (from 1991 to 2022)
Epidemiology 4 1991 1993 ———
Cancer 2 1994 1994 -
Indoor air pollution 3 1995 1996 e —
Endotoxin 2 1997 1997 -
Occupational exposure 7 1998 2002 e e s s e e e N
Exposure assessment 11 2003 2010 T
Exposure guideline 3 2011 2012 e —
Cohort study 2 2013 2013 e B
Electromagnetic fields 8 2014 2021 D o e
Electricity supply industry 2 2022 2022 -
Cohort
Exposure study

assessment

Cancer Endotoxin

o Indoor air
Epidemiology pollution Occupational

exposure

Electricity supply

industry

Exposure
guideline Electromagnetic
fields
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For cluster 3, Table 4 describes the burstiness of the keywords from research topics
related to the causality and prevention of critical electrical injuries. Previous studies have
already focused on eliminating fatal electric shock injuries among industrial workers from
1991 to 1995, given the outbreak of the keywords “Electrical injuries” and “Electrocution”
over the corresponding period. Three hazardous factors were identified from 2002 to
2013, namely “Electric shock” (2002-2005), “Electrical burns” (2006-2009), and “Electrical
pollution” (2010-2013). To eliminate these negative problems, scholars began to formulate
a safety management system for the electrical industry based on the accident analysis
of essential injuries and unsafe issues, which was consistent with the strong burst terms
“Accident analysis” (2014) and “Safety management” (2015). The necessity of “Regulation”
(high burstiness during 2016-2017) and “Safety standard” development (2018-2020) has
recently attracted considerable interest among scholars to facilitate the efficiency and
feasibility of electrical safety management and injury prevention, especially in the “Nuclear
power industry”, with high risks of potential radiation hazards to personnel (2021-2022).

Finally, Table 5 lists the 10 most important research topics and their burstiness during
the period 1991-2022 in cluster 4, mainly focusing on risk management within the renew-
able energy generation revolution. The concept of “risk management” in the “Electrical
generation industry” has been attracting scholars” attention since 1991. Due to the peri-
odic burstiness of corresponding keywords, it did not appear to experience large-scale
proliferation until 1996. Since 1997, research on renewable energy innovation in electricity
generation has further become an academic hotspot, followed by the application of emerg-
ing energy resources like “Nuclear energy” (2003), “Hydrogen energy” (2007), “Biomass
energy” (2009), and “Microbial fuel” (2012). In view of the above-mentioned characteristics
of renewable energies, the hazard assessment and sustainable optimization of renewable
energy power generation were then frequently explored, as shown by the strong burst terms
“Risk analysis (2013-2018)”, “Optimization (2019-2020)”, and “Sustainability (2021-2022).
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Table 4. The burstiness of key research topic in cluster 3.

Keywords Strength Start Year End Year Burstiness (from 1991 to 2022)
Electrical injury 10 1991 1995 ———— — —
Electrocution 12 1996 2001 e e e e D O O
Electric shock 8 2002 2005 ——— —
Electrical burns 8 2006 2009 ————— —
Electrical pollution 7 2010 2013 ——— —
Accident analysis 2 2014 2014 -
Safety management 1 2015 2015 -

Regulation 3 2016 2017 N N e s s s e
Safety standard 5 2018 2020 O O e
Nuclear power 4 2021 2022 —

. Accident
Flectrical bums analysis Nuclear power
Regulation

industry

Safety
Electrical management
pollution

Safety

Electrical Electric shock standard

injury
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Table 5. The burstiness of key research topic in cluster 4.
Keywords Strength Start Year End Year Burstiness (from 1991 to 2022)
Risk management 3 1991 1993 ———
Electricity generation 3 1994 1996 ——
Renewable energy 6 1997 2002 e e e e e e N N N Y Y
Nuclear energy 4 2003 2006 e —— —
Hydrogen 2 2007 2008 ——
Biomass 3 2009 2011 ———
Microbial fuel 1 2012 2012 -
Risk analysis 6 2013 2018 N O O O O e s
Optimization 2 2019 2020 ——
Sustainability 2 2021 2022 —
Electricity Nuclear energy Risk

Risk

management

Renewable
energy

Hydrogen

Microbial Optimization

fuel
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4. Discussion

Following the bibliometric analysis and scientific mapping of the selected literature, an
in-depth qualitative discussion was conducted, focusing on summarizing the main research
themes and trends within the topics of occupational safety and health in the electric
power industry, identifying the existing research gaps and limitations, and proposing a
framework that establishes meaningful connections between the existing research topics
and the future implications of digital pathways aimed to safeguard workers, mitigate
risks, and revolutionize safety management in the electric power industry. This framework
serves as a valuable resource for guiding future research endeavors and informing the
development of effective strategies for implementing digital pathways to enhance safety
and health outcomes.

4.1. Emerging Research Topics and Trends

The results for the regional cooperation, co-citation networks, and the four clusters
identified from the keywords co-occurrence analysis are not separated. In contrast, all the
quantitative retrospective outcomes involved strong correlations. For instance, risk assess-
ments and ergonomic safety were ways of mitigating electrical hazards and injuries and
were interrelated to be applied in electrical safety management, although a risk assessment
is the process of hazard identification, risk evaluation and analysis, hazard elimination and
risk control, while ergonomic safety is the design of the tools, methods, and environments
workers use to suit their job requirements and capabilities. Continuing from the sciento-
metric mapping and temporal trends analysis, the mainstream research topics related to
the occupational safety and health of electrical personnel are summarized below.

4.1.1. Safety Management: Causes and Prevention

Multiple studies have focused on identifying the accidents and hazards in different
workplaces and exploring the root causes of these accidents and hazards [28,29]. Scholars
commonly categorized these causes into three levels, including individual, organizational,
and environmental factors [30-33]. Individual determinants, such as gender, age, level of
education, salary, and work experience, have been examined for their influence on safety
outcomes. Organizational determinants, including job demands, resources, workplace
policies, and safety culture and climate, have also been investigated. Environmental deter-
minants encompass a range of factors, such as peer influences, ergonomic hazards, chemical
hazards, electrical hazards, and unseen hazards. Dust explosions have been consistently
highlighted as a serious hazard in the workplaces of electricity personnel [34-36]. Studies
have identified various ignition sources for dust explosions, including electrostatic igni-
tion, friction, electric arcs, hot surfaces, open flames, and spontaneous combustion [37-40].
Additionally, occupational heat stress caused by climate change has been found to have
detrimental effects on the safety and health of workers in the electric power industry [41,42].

Numerous studies have examined the application of ergonomics to create a safer
work environment, leading to the formulation of different interventions for monitoring
and evaluation, e.g., [2,43-45]. For instance, Seeley and Marklin [44] proposed battery-
operated presses and cutters as ergonomic interventions to mitigate the risks associated
with musculoskeletal disorders. Janackovic et al. [43] identified the ergonomic factors that
are important for enhancing safety systems in power companies, including an analysis
of the criteria for choosing safety levels (technical indicators), the application of working
procedures (human indicators), higher-risk workplace assessment (organizational indi-
cators), and the evaluation of technological solutions currently available on the market
(environmental indicators). According to ergonomics and safety-related research in the
electric power industry, strictly adhering to operating procedures, defining appropriate
levels of safety, surveilling and reporting errors and omissions in work, providing safety
training, effectively managing safety resources, and applying first-rate safety technologies
may reduce occupational accidents and injuries.
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4.1.2. Occupational Exposure in the Electricity Industry

Occupational exposure assessment is a critical aspect of ensuring the safety and health
of workers in the electric power industry [46]. It involves identifying and characterizing
the various types of exposures that workers may encounter, developing exposure estimates
for risk assessment, and evaluating the effectiveness of intervention strategies aimed at
mitigating health risks [46]. One emerging trend of concern is the potential health effects
of electromagnetic fields, particularly due to the increased use of wireless communication
systems [47]. Extensive research has been conducted to investigate the long-term health
risks associated with occupational exposure to electromagnetic fields in the electric power
industry [46,48,49]. These studies have reported increased risks of breast cancer, brain can-
cer, and lung cancer in male electric workers exposed to electric and magnetic fields [50-52].
Moreover, Jalilian et al. [53] conducted a meta-analysis specifically focusing on the associa-
tion between occupational exposure to magnetic fields and the risk of Alzheimer’s disease
among electric utility workers. Their findings suggested an increased likelihood of this
relationship, highlighting the importance of further research in this area.

Recent studies have also examined the effects of occupational exposure to extremely
low-frequency magnetic fields [54-56]. These investigations have revealed potential ad-
verse impacts on the nervous and cardiovascular systems. Additionally, electromagnetic
pollution can affect indoor air quality, leading to biological and psychological risks to
human health and an increased risk of cancer and various diseases [57]. Recognizing the
significance of occupational exposure assessment, the electric power industry has devel-
oped and validated various assessment and measurement techniques to anticipate and
evaluate potential health risks [55,58,59]. Exposure guidelines have been designed and
regularly updated to protect workers in the industry, encompassing process improvements,
exposure elimination, and good management practices [60,61].

4.1.3. Electrical Incidents Management

Effective management of electrical incidents is crucial for ensuring the safety of work-
ers in the electric power industry. Extensive research has been carried out to understand
the causality of electrical shock injuries [62-64]. For example, Ichikawa [65] investigated
electric shock injury accidents in Japan from 2013 to 2015 and identified that the fail-
ure to use insulating guards, such as insulating rubber gloves, was a common cause of
these injuries. Electrical injuries often result from accidental contact with electrical outlets,
power cords, exposed parts of appliances or cords, arc flashes on high-voltage power lines,
mechanical or occupational-related exposures, and lightning incidents [66]. Waldmann
et al. [67] highlighted the range of shock injuries, which can vary from minor skin burns to
life-threatening visceral damage. For individuals who appear to be stable after electrical
shocks, a significant concern is the potential delayed onset of arrhythmias. Therefore, the
monitoring and management of electrical injuries, particularly their cardiac effects, are
essential in the intensive care unit.

Occupational electrocution is a fatal incident that poses a significant risk to electrical
personnel. Liu et al. [68] investigated the epidemiological characteristics of electrocution
deaths in Guangdong Province and discovered 71 electric shock accidents between 2001
and 2010. The leading cause of death was exposure to power lines and live machinery.
Massey et al. [69] emphasized that electrocution deaths predominantly affect young male
workers who are exposed to high-voltage currents on the job. Linemen and electricians
are among the most common occupations associated with electrocution injuries, and these
incidents often involve young men at the peak of their careers [70]. To protect electrical
personnel from electrical injuries and fatalities, several measures have been recommended.
These include avoiding working near power lines whenever possible, protecting cables
with conduit, using well-insulated cables, promptly detecting and reporting potential
electrical hazards, wearing shock-resistant personal protective equipment, and providing
comprehensive electrical safety-related training [71,72].
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4.1.4. Risk Analysis and Management in the Renewable Energy Revolution

The growth of renewable energy sources in the global electricity system has brought
attention to the importance of risk analysis and management in ensuring the occupational
safety and health of electric workers [73]. While renewable energy technologies offer
promising benefits, they also introduce new risks. Several studies have explored the
impact of renewable energy on workers and have found potential reductions in injuries,
illnesses, and deaths compared to traditional energy sources [74,75]. For example, Gerassis
et al. [75] reported a decrease in neurological disorders and skin problems among workers
in renewable generation due to the absence of pollutants associated with new technologies.
However, it is important to acknowledge that the development of renewable energy can
also pose health risks to workers [76-79]. For instance, in the context of biomass resources,
workers may be exposed to significant amounts of dust, which can negatively impact
their health [77]. Additionally, as electricity generation is at the core of renewable energy,
workers are exposed to the risks associated with electricity, including burns and shocks.
Consequently, risk assessment, analysis, and management practices have been implemented
to identify and mitigate potential hazards that could affect workers” health [80-82].

Nuclear energy is another important component of the sustainable energy mix, ac-
counting for over 11% of the world’s electricity supply [83]. Following the nuclear accident
at the Fukushima nuclear power plant in 2011, concerns and debates surrounding nuclear
facilities have grown [84]. Numerous studies have shown that human errors are often the
primary cause of nuclear accidents [85-87]. Suh and Yim [87] emphasized the significance
of workers’ fitness for duty (FFD), which refers to their mental and physical ability to safely
perform their jobs, in reducing human errors. Implementing effective FFD management
programs in plant operations can mitigate human errors and foster a positive safety culture.
Multiple studies have suggested that policymakers should prioritize improving work regu-
lations and promoting positive attitudes towards safety to enhance the overall safety and
health performance in the electric power industry [88-90]. By addressing these factors, the
industry can better manage risks and ensure the well-being of workers in the renewable
energy revolution.

4.2. Research Gaps and Future Implications of Digital Pathways
4.2.1. Analysis, Prevention, and Emergency Planning for Electrical Accidents

Previous studies have identified various types of electrical accidents, such as electric
shock injuries, electrical burns, and electrocution deaths, with a primary focus on investigat-
ing the causes and implementing preventive measures [62,67]. However, there is a notable
dearth of research on emergency preparedness and planning for incidents and accidents in
relation to the utilization of digital technologies and innovative solutions. It is imperative to
address this research gap by exploring effective emergency response strategies, evacuation
procedures, coordination with emergency services, the provision of medical treatment
and assistance, communication protocols, and comprehensive instruction and training for
electrical workers in implementing emergency procedures.

Digital technologies can play a significant role in enhancing these aspects, such as
leveraging mobile applications or wearable devices to facilitate real-time communication
and provide step-by-step guidance during emergencies [91]. Moreover, there is a need
to continue to conduct risk assessments, analysis, and management within the electricity
industry, which serve as valuable tools for safety management practitioners to evaluate
the efficacy of measures and policies in safeguarding workers from injuries. Future re-
search should investigate how ergonomics can be applied to optimize work tools, personal
protective equipment, and emergency planning, thereby enhancing the safety and health
of electrical workers. Additionally, effective methods of imparting safety knowledge to
electrical workers through training and education should be explored, considering the
integration of digital platforms and innovative learning techniques.

In the context of digital technologies, risk communication is of the utmost importance
as a critical step in providing real-time information to personnel in the electric industry to
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prevent hazardous threats in the workplace [92]. Future research should focus on identify-
ing and evaluating effective risk communication strategies that harness digital platforms,
social media, and innovative tools to ensure the timely and accurate dissemination of infor-
mation [93]. Furthermore, investigating the occupational safety and health of electricians,
specifically in developed countries, is recommended, considering the potential influence
of imperfect safety systems on the heightened probability of occupational injuries [94].
Exploring the impact of digital technologies, innovative interventions, and technologi-
cal advancements on occupational safety and health outcomes in developed countries
can provide valuable insights and support the development of targeted interventions
and policies.

4.2.2. Hazards in Electric Power Work Environments

It is essential to comprehensively cover different types of electric power work envi-
ronments as they present varying electrical hazards [95,96]. While electrocution, electrical
burns, electric shock, and falls are prevalent injuries in the electric power industry, the
emergence of renewable energy sources may introduce new safety and health challenges
that pose risks to workers. These challenges include nuclear pollution, biomass hazards,
and nuclear radioactivity resulting from improper waste disposal practices [97,98]. To effec-
tively address occupational risk exposure, research should incorporate advanced science,
technologies, and equipment management related to two crucial aspects: the work environ-
ment and employee safety. This entails developing monitoring and early warning systems
to detect the concentration of invisible and odorless substances that may be harmful in
the workplace [99]. Establishing an alarm or unlocking system can also help to ensure the
proper usage and appropriate wearing of personal protective equipment among employees
in the electric power industry [100].

Moreover, the management of personnel safety in the electric industry should consider
different demographic variables, including the specific needs and vulnerabilities of certain
groups such as women and older workers. Currently, the focus on occupational safety
and health in the electric industry has not given adequate attention to these vulnerable
groups. Employing a multilevel analytical framework that incorporates the perspectives
of different workers, employers, and relevant stakeholders can optimize overall occupa-
tional safety and health protection for electric workers. To bridge these research gaps,
future studies should explore the integration of advanced tools and technologies. For
instance, the application of Internet of Things (IoT) sensors and data analytics can enhance
real-time monitoring of workplace conditions, facilitating the early detection of potential
hazards [101]. Additionally, wearable devices and smart personal protective equipment
can provide real-time feedback and alerts to workers, ensuring their safety and compliance
with safety protocols [102]. The utilization of digital platforms and innovative training
approaches, such as virtual reality simulations and interactive modules, can enhance safety
training and education for electric workers. These technologies can provide immersive
learning experiences, improve knowledge retention, and foster a culture of safety [103].

4.2.3. Barriers and Facilitators of Safety Climate Improvement

The safety climate is a crucial factor influencing worker injuries, exposure, and ad-
herence to safe work practices, as it provides insights into workers’ safety performances
before accidents occur [104]. It encompasses the psychological safety and health aspects
that reflect the management’s approach to balancing productivity and the occupational
health of workers [105,106]. Therefore, enhancing and promoting a positive safety climate
within an organization can significantly increase employees’ safety awareness, which is
a critical factor influencing their work safety behaviors [107]. Continued evaluation is
necessary to assess the permeation of safety policies throughout organizations and their
impact on individual workers, aiming to develop a positive and proactive safety climate. It
is important to explore the barriers and facilitators that affect the implementation of safety
policies and the creation of a safety climate in the electrical power industry. Additionally,
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examining the effects of current safety policies and strategies among workers can provide
valuable insights into their effectiveness.

Future studies can explore how digital tools and platforms can contribute to enhanc-
ing the safety climate [108]. For instance, data analytics and sentiment analysis can be
utilized to assess and monitor safety climate indicators in real time. Mobile applications
or wearable devices can facilitate timely and interactive communication between workers
and management, fostering a culture of safety and enabling workers to report hazards
or safety concerns more effectively. The integration of digital technologies can support
the dissemination of safety information and training materials, ensuring accessibility and
engagement among workers. Virtual reality simulations and augmented reality tools can
create immersive training experiences, allowing workers to practice safety procedures in
realistic virtual environments.

4.2.4. Safety and Health of Renewable Energies

There is a lack of comprehensive risk identification and risk perception studies within
the current research that are specifically focused on electric workers in the new energy
power industry. Existing studies on risk analysis primarily concentrate on the traditional
power industry [109,110]. However, renewable energy sources like wind power generation,
new energy power generation, and bio-energy power generation present unique risk
sources based on their energy characteristics, and there is a need for the identification and
analysis of these risks in the context of the new energy power industries. Furthermore, the
development of renewable energies and technologies may lead to an increase in electric
power industry-related diseases. As safety management and regulations might not be
adequately designed to prevent accidents associated with these new technologies, there is
a potential for more injuries and uncertain hazards that have not yet been discovered [111].
Therefore, it is crucial to explore and investigate these potential risks to ensure the safety
and well-being of workers in the new energy power industry. Future studies should focus
on conducting in-depth risk identification and risk perception analyses specific to the new
energy power industry. This includes identifying and analyzing the unique risk sources
associated with renewable energy technologies. Additionally, research should explore the
potential occupational diseases and health risks that may arise in the context of these new
energy sources.

To enhance risk perception and promote safety awareness among personnel in the new
energy power industry, it is recommended to provide more comprehensive information
and training related to risk identification in the field of renewable energies. This can
involve developing targeted training programs that highlight the specific risks and hazards
associated with different renewable energy technologies. Leveraging digital technologies,
such as e-learning platforms, virtual reality simulations, and interactive modules, can
enhance the effectiveness and accessibility of such training programs [112]. Moreover,
collaboration between researchers, industry stakeholders, and regulatory bodies is crucial
to developing appropriate safety management measures and regulations that address
the specific risks posed by new energy technologies. It is important to continuously
monitor, and update safety practices as new technologies emerge, and potential hazards
are identified.

4.3. Research Trends in Occupational Safety and Health in the Electrical Industry

Based upon the keyword analysis, the qualitative analysis of the mainstream research
areas related to workers’ occupational safety and health in the electrical industry, and the
research gap analysis, a research framework recommending future research implications
related to the utilization of digital technologies is proposed (see Figure 11). Several future
research suggestions can be anticipated, including;:

1.  Strengthening robust emergency preparedness, planning strategies, and effective risk
communication strategies.
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2. Identifying and evaluating strategies that facilitate real-time communication of occu-
pational risks to workers.

3. Exploration of the integration of advanced technologies to enhance the accuracy and
efficiency of assessing and monitoring occupational risk exposures in the electrical
power industry.

4. The development of early warning systems to detect and alert workers about potential
safety hazards or incidents.

5. The enhancement of safety policies and strategies through digital technologies by

evaluating their implementation and identifying barriers and facilitators.

Leveraging real-time monitoring to enhance safety climate.

7. The utilization of digital technologies for comprehensive risk analysis and developing
targeted risk mitigation strategies.

8. Designing digital platforms, interventions and safety training related to the electrical
power industry, particularly the renewable energy sector, to enhance workers’ risk
perception and safety culture.

*
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Figure 11. Research framework linking existing study areas on occupational safety and health of
personnel in the electric power industry for future research suggestions.

This comprehensive discussion of occupational safety and health within the electric
power industry, particularly focusing on the integration of digital pathways for enhanced
safety management, offers invaluable insights for a broad spectrum of stakeholders. Indus-
try practitioners and safety managers can derive practical strategies for mitigating risks
and improving workplace safety through targeted interventions and ergonomic solutions.
Policymakers and regulators can utilize these findings to refine safety guidelines and adapt
regulations to the evolving landscape of renewable energy technologies. Researchers and
academics are provided with a clear direction for future studies, identifying critical gaps
in the current body of knowledge. Workers and their representatives can gain awareness
of occupational risks, empowering advocacy for improved safety measures. Technology
developers and vendors can identify market needs and opportunities for innovation in
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safety technologies. Lastly, investors and financial analysts can make informed decisions
based on the potential risks and benefits associated with the renewable energy sector.

A key limitation of this study pertains to the temporal scope of the literature analyzed.
The bibliometric and scientometric analysis was conducted on articles published from
1991 to 2022. However, the field of occupational safety and health in the electric power
industry is rapidly evolving, particularly with the increased adoption of digital technologies.
The exclusion of literature from the most recent two years may inhibit our ability to
fully capture the latest trends and developments within this dynamic research domain.
Consequently, the future implications of digital pathways derived from this analysis may
not entirely reflect the most up-to-date situation and advancements in the industry. To
address this limitation, future research efforts would benefit from expanding the temporal
scope of the analysis to encompass literature published up to the present day. This would
enable a more comprehensive and current understanding of the research landscape and its
prospective trajectories.

5. Conclusions

This paper provided a science mapping analysis and in-depth qualitative discussion
of more than 600 journal articles on the global occupational safety and health of personnel
in the electric power industry from 1991 to 2022. The topic of electricity safety and health
has been an area of extensive research over the past decade, with an exponential increase
in publication output. The development of this study field is hampered by the lack of
reviews, which may lead to a declining trend in publication output in the coming years.
Thus, the current review is essential for identifying trends in the occupational safety and
health of workers in the electric power industry to alleviate the risks related to the working
environment in this field and to reduce the number of employees that are absent from
work due to illness or injury and improve work efficiency. This study included 608 articles
on occupational safety and health in the electric power industry covering 70 countries
or regions and 257 journals. Four main research areas were distinguished: (1) safety
management: causes and prevention; (2) occupational exposure in the electric power
industry; (3) electrical incidents management; (4) risk analysis and management in the
renewable energy revolution. The scientometric analysis offered insights into the future
implications of harnessing the potential of digital technology to create a safer and more
resilient work environment in the electrical power industry. These proposed research
trends could benefit academics and industry practitioners in improving the safety climate
and enhancing occupational safety and health among workers in electric power industries.
However, the present review is limited to the literature published in Web of Science,
Scopus, and Google Scholar, and includes journal articles published in English only. Some
of the latest articles published on other types of databases and in other languages may
be excluded.

While some of the occupational safety and health issues in the electric power industry,
such as hazards related to high-voltage equipment, confined spaces, and work at heights,
may be shared with other safety-critical domains like transportation, oil and gas, or mining,
there are likely to be some unique factors as well. For example, the electric power workforce
may face psychological stresses related to on-call duties, shift work, and responding to
emergencies—circumstances that may be less prevalent in industries with more standard-
ized work schedules and operating environments. Additionally, the ongoing transition
towards renewable energy sources like solar and wind power introduces new occupational
health and safety challenges around the installation, maintenance, and decommissioning
of these technologies, which workers in the electric power industry may need specialized
training and safety protocols to address.
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