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The world has paid increasing attention to energy efficiency projects since the Paris
agreement and UN climate summit. Recently, the COVID-19 pandemic accelerated the
process of the green energy transition, which has attracted considerable attention from
economists, environmentalists, and international organizations and has led to significant
research in energy. This study addresses the importance of green energy practices in the
post-COVID-19 era to deal with environmental deregulation using bibliometric analysis.
Data were extracted from the Scopus database from 2020 to 2022. Results indicate that
China gained a prominent place in publishing topic-related articles. However, Italy stands
at the top position in total and average article citations. Sustainability is themost productive
journal, followed by Energies and the Journal of Cleaner Production. Nazarbayev University
and the University of Cambridge are the most contributing research institutes. In general,
the cooperation of authors, institutes, and countries strengthens research; however,
collaboration at the author level across the nation was lower than in others. The study
highlights three research streams and four themes by systematically conducting a
bibliometric coupling and co-occurrence network that anticipates and significantly
segregates literature. Bibliometric coupling identifies three research streams of
sustainable green business strategies, green infrastructure requirements, and green
solutions and opportunities from COVID-19. Furthermore, the co-occurrence network
proposes four main themes related to green innovation in the epidemic era, security and
sustainable development goals with green practices, public health protection and green
finance, and investment and risk management. The results provide insights into current
research in the field of energy and will assist future work promoting environmentally friendly
projects.
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1 INTRODUCTION

The world faces severe environmental challenges due to continuously changing lifestyles and
business methods (Suki et al., 2022). The process of industrialization and economic appraisal
results primarily from environmental deregulation that highlights the need to improve current
production practices (Tamazian et al., 2009). In this scenario, energy efficiency is becoming
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important an important issue in addition to environmental
pressure and increasing greenhouse gas emissions. The current
energy system mainly relies on fossil fuels that are harmful to
human health, society, and the environment (Mohideen et al.,
2021). However, steady progress is being made globally in terms
of the energy transition. Even though low carbon systems are eco-
friendly, organizations still do not adopt them due to high
adoption costs (D’Adamo et al., 2020; K. I.; Khan, et al.,
2021a). The government and policymakers emphasized
implementing an environment-friendly energy system such as
photovoltaic electricity generation, hydrogen, and fuel cell
technologies after the outbreak of COVID-19 (Tian et al.,
2022). However, some environment-related regulations have
been relaxed during COVID-19 to boost the economy
(Gautam et al., 2022), meaning there are mixed opinions
available in the literature regarding the adoption of the green
energy processes during the pandemic.

Some scholars consider this pandemic an opportunity to re-
think new environmental regulations through a paradigm shift
from traditional green energy, economic recovery, and global
solidarity through environmental sustainability (Okoh, 2021).
Economic activities have slowed down due to pandemic
activities on the one hand, while on the other hand, due to
lockdown, the suspension of industrial activities reduces carbon
emissions and positively impacts the environment (K. I. Khan
et al., 2022). In developed economies, governments
simultaneously supported clean energy projects and economic
revival plans. However, in developing countries, governments
have to cut down the cost to financially support economic
recovery schemes (Gautam et al., 2022). Therefore, antagonism
has been observed between positive and negative discourse. This
might provide reasons for scholars and practitioners to raise

questions about the future of energy transitions. Academic
literature on the topic is overwhelming, making it difficult for
scholars and practitioners to have a constructive overview of the
relevant information. This study conducts a bibliometric analysis
to discuss the importance of adopting green energy practices in
the post-COVID-19 era to deal with environmental deregulation.
This topic is relatively emerging in terms of academic research
but has received increasing attention during the outbreak of the
COVID-19 pandemic. This increase is driven by the fact that the
focus of academics and practitioners had changed, adopting more
eco-friendly practices that lead to a continuously growing
publication rate on the topic and make it difficult to obtain a
comprehensive overview. This bibliometric analysis helps to
answer the following research questions: 1) what are the most
relevant and impactful scientific actors (authors, sources,
affiliations, and countries) in the literature; 2) what are the
future trends and research streams of the topic?

2 METHODS

Bibliometrics analysis is an area of study that analyzes the
bibliographic materials related to a particular topic of interest
using quantitative methods (Nasir et al., 2021a). It is a widely used
technique that summarizes the most significant contributions by
key authors, journals, institutions, and countries in the field,
which further highlights future areas of research for scholars (K. I.
Khan, et al., 2021b). The current study conducted a bibliometric
analysis on the importance of green energy practices adoption in
the post-COVID-19 era to deal with environmental deregulation.
Data were collected from the Scopus database for the post-
COVID-19 era (1 January 2020, to 4 January 2022). We
applied the query “TITLE-ABS-KEY (green AND (covid OR
corona* OR sars* OR mers)) AND (LIMIT-TO (SUBJAREA,
“ENER")) AND (LIMIT-TO (PUBYEAR, 2022) OR LIMIT-TO
(PUBYEAR, 2020))” and limited it to the subject area of energy.
We adopted the strict criteria of document inclusion and added
only relevant literature that falls under the scope of the study. We
deleted the Errata, duplicates, documentaries, and documents not
written in English. Table 1 provides details about the documents
used in the bibliometric analysis.

Table 1 shows that out of 213 documents, 156 are articles, 22
reviews, 21 conference papers, 6 book chapters, 3 editorials, 3

TABLE 1 | Descriptive for source information.

Description Results

Documents 213
Sources (journals, books, etc.) 63
Keywords plus (ID) 1,636
Author’s keywords (DE) 925
Period 2020–2022
Average citations per document 6.441
Authors 790
Author appearances 825
Authors of single-authored documents 24
Authors of multi-authored documents 766
Single-authored documents 25
Documents per author 0.27
Authors per document 3.71
Co-authors per documents 3.87
Collaboration index 4.07
Document types
Articles 156
Book chapters 6
Conference papers 21
Conference reviews 2
Editorials 3
Reviews 22
Short surveys 3

TABLE 2 | Most productive authors.

Author h_index g_index m_index TC NP PY_start

Guney M 2 3 0.67 36 3 2020
Karaca F 2 3 0.67 36 3 2020
Tleuken A 2 3 0.67 36 3 2020
Tokazhanov G 2 3 0.67 36 3 2020
Turkyilmaz A 2 3 0.67 36 3 2020
D’Adamo I 2 2 0.67 81 2 2020
Jger Waldau A 2 2 1.00 20 2 2021
Ramakrishna S 2 2 1.00 13 2 2021
Shan Y 2 2 1.00 4 2 2021
Wang K 2 2 1.00 10 2 2021
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short surveys, and 2 are conference reviews. The average
citation per document is 6.44, while the collaboration index
is 4.07. We used ‘Biblioshiny’ within R language for
bibliometric analysis such as descriptive, keywords, co-
occurrence, citations, and various factorial analyses,
including content analysis. VOS viewer is used for mapping
the interactions of the significant research actors. We applied
Microsoft Excel tools to cross-check the analysis and produce
editable figures and tables. Although the interpretation of the
results is merely descriptive, the current study has added
insight into the topic and future directions for further
studies. Figure 1 explains the detailed study design.

3 RESULTS

This section discusses the detailed study results based on the
information extracted from the relevant and reliable sources. The
study conducted performance and benchmarking analysis to
explain article production in the post-COVID-19 period, most
contributing actors (authors, sources, affiliations, and countries),
ranking, and benchmarking. It then conducts citation analysis to
highlight the total citations per country, author production, and
citations over time. It also includes keyword analysis to specify
the most frequently searched keywords included in the title,
abstract, keywords, and keywords plus.

3.1 Performance Analysis and
Benchmarking
3.1.1 Article Distribution Over the Years
The number of articles published is considered an essential
indicator to evaluate the development trend of research over
the years. Figure 2 presents the number of articles published
during the post-COVID-19 era. Fifty articles were published in
2020, whereas in 2021, the number increased to 152. Until 2022,
the date of query, a total of 213 peer-reviewed articles were

FIGURE 1 | Study phases.

FIGURE 2 | Article distribution over the year.
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published. However, researchers expect this trend to grow over
the years due to the increasing demand for green energy practice
adoption (Suki et al., 2022).

3.1.2 Most Relevant Scientific Actors (Authors,
Sources, Affiliations, and Countries)
The first five authors in the list of top-ranked authors have the
same h, g, and m index values (h-index = 2; g-index = 3; and
m-index = 0.67). Their total citations are TC = 36, and net
production per article is NP = 3, and all articles were published in
2020 (see Table 2). These scholars highlighted the issue of
designing comfortable and eco-friendly living spaces during
the COVID-19 pandemic. Their findings stated that health
and safety, comfort, and environment are the major aspects to
consider in designing residential buildings (Tokazhanov et al.,
2020). Later, Tokazhanov et al. (2021) sought an opinion from the
stakeholders (academia, industry, and medical experts) on the
previously identified indicators (health and safety, comfort, and
environment) and found health and safety as the most crucial
aspect among them. Their evaluating determinants for health and
safety category are better building air quality, tenants’ mental
health, and prevention of virus propagation (Tokazhanov et al.,
2021). Their study further elaborates that new designs must be
equipped with modern touchless technology tools and a proper
sanitation system, and greener spaces should be developed to
improve mental health conditions without harming the
environment (Tokazhanov et al., 2020). They also emphasized
implementing green building certification systems (GBCSs) in the
era of a virus outbreak (Tleuken et al., 2021). These authors also

assessed the readiness of existing residential housing for the
identified indicators of GBCSs dealing with pandemic-resilient
requirements.

D’Adamo has the highest total citations (TC = 81) but ranked
second among the most contributing authors in the field.
D’Adamo and Rosa (2020) believe that climate change is the
result of a deterioration in eco-friendly practices. There is a need
to recognize the role of the green economy to avoid social and
economic disasters in the future. The existing resources should be
deployed efficiently to fulfill infrastructural needs and ensure
energy efficiency. In this regard, D’Adamo et al. (2020), proposed
integrating residential photovoltaic plants with the application of
energy produced and self-consumed to develop a decentralized
system. Photovoltaic energy is considered substantial for
transitioning from fossil to a green society due to its cost
reduction feature. The Italian Government also supported this
policy, particularly during the COVID-19 period. They also
provided an economic assessment of a 3 kW plant that creates
an opportunity to handle environmental deregulations and
generate a source of revenue for the consumer.

Jger Waldau stands at the third position with TC = 20; NP = 2.
Jäger-Waldau (2021) is also a supporter of photovoltaic electricity
generation and provided evidence of it becoming the fastest-
growing power generation worldwide. This system is cost
effective and plays an essential role in renewable electricity
and energy efficiency (Kougias et al., 2021). Mohideen et al.
(2021) emphasized the use of a low-carbon energy system that
requires a transition from fossil fuel to hydrogen and fuel cell
technologies. Fossil fuels contribute to massive greenhouse gas
emissions, which affect human health, society, and the
environment. However, the cost of a low-carbon energy
system is high (Manganelli et al., 2021). The COVID-19
situation has prompted governments and policymakers to re-
think future investment in eco-friendly energy areas in alignment
with the sustainable development goals framework of the United
Nations. Shan has focused on the air pollution caused by the
transportation sector. COVID-19 affected the transportation
sector, reducing energy demand CO2 emission (Schulte-
Fischedick et al., 2021). Cai et al. (2021) discussed improving
customer satisfaction regarding tourist accommodation during
the pandemic period.

Table 3 depicts the most contributing literature sources
relevant to the topic. ‘Sustainability’ remains the most

TABLE 3 | Most contributing sources.

Sources Articles

Sustainability (Switzerland) 90
Energies 14
Journal of Cleaner Production 9
Applied Energy 6
E3S Web of Conferences 5
Energy Research and Social Science 5
International Journal of Biological Macromolecules 5
Sustainable Cities and Society 5
Environmental Footprints and Eco-Design of Products and Processes 4
ACS Sustainable Chemistry and Engineering 3

TABLE 4 | Distribution of countries and institutional affiliations.

Countries Frequency Institutions Affiliated countries Articles

China 71 Nazarbayev University Kazakhstan 8
Italy 62 University of Cambridge UK 7
UK 36 National Research Centre Egypt 5
United States 36 Sapienza University of Rome Italy 5
Spain 31 Rey Juan Carlos University Spain 4
India 24 University College London UK 4
Poland 18 University of Groningen The Netherlands 4
France 15 University of Padova Italy 4
Australia 13 Cadi Ayyad University Morocco 3
Germany 12 Financial University Under the Government of the Russian Federation Russia 3
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impactful source in the field by publishing 90 research articles
related to green energy, environmental concerns, renewable
energy, energy and resources policy, sustainable development,
carbon emission, climate change, and green practices. The second
influential source of publication is ‘Energies,’ which publishes 14
articles and addresses the issue of climate scenarios, economic
recovery, renewable energy, risk management, wind power,
energy efficiency, energy policy, energy security, energy
sustainability, renewable energy, energy consumption,
transition pathways, and energy transition. The third most
prominent source of publication is ‘Journal of Cleaner
Production’ with nine publications. All the publications
discussed the issue of energy efficiency in the context of
COVID-19.

Table 4 shows the country-wise and institutional affiliation-
wise distribution of publications. China is the most
contributing country that published 71 articles on the topic.
The second most influential country is Italy which published
62 articles. The UK and the United States stand at the third
position with 36 publications. The other contributing
countries in terms of publications are Spain (31), India
(24), Poland (18), France (15), Australia (13), and Germany
(12). Table 4 also sheds light on the top-ranked institutions
that published the relevant material related to green practices
and energy efficiency. The Nazarbayev University of
Kazakhstan has a top position in the list with eight
publications. Two universities in the UK are included in the
list: the University of Cambridge (8) and the University
College London (4). In the third position, two universities
are placed with five publications, whereas in the fourth
position and fifth place, four and two universities stand
with four and three publications, respectively.

Table 5 provides information about the corresponding
authors’ countries. China again stands at the top for the
correspondence of 27 articles, having SCP = 15; MCP = 12;
andMCP ratio = 0.44. Italy ranked at the top based on SCP (intra-
country collaboration), while the MCP ratio (inter-country
collaboration) of Spain, Australia, and Germany is the highest
(0.50). The total articles published in Italy are 24; its MCP = 7;
and theMCP ratio is 0.29. India is involved in the correspondence
of 11 publications, whereas Canada and Germany have originated
four articles.

TABLE 5 | Top corresponding authors’ countries.

Country Articles Freq SCP MCP MCP ratio

China 27 0.14 15 12 0.44
Italy 24 0.13 17 7 0.29
India 11 0.06 10 1 0.09
Spain 10 0.05 5 5 0.50
UK 9 0.05 6 3 0.33
United States 9 0.05 6 3 0.33
Australia 6 0.03 3 3 0.50
Poland 6 0.03 5 1 0.17
Canada 4 0.02 4 0 0.00
Germany 4 0.02 2 2 0.50

TABLE 6 | Distribution of publication by Bradford law.

Sources Rank Freq CumFreq Zone

Sustainability (Switzerland) 1 90 90 Zone 1
Energies 2 14 104 Zone 2
Journal of Cleaner Production 3 9 113 Zone 2
Applied Energy 4 6 119 Zone 2
E3S Web of Conferences 5 5 124 Zone 2
Energy Research and Social Science 6 5 129 Zone 2
International Journal of Biological Macromolecules 7 5 134 Zone 2
Sustainable Cities and Society 8 5 139 Zone 2
Environmental Footprints and Eco-Design of Products and Processes 9 4 143 Zone 2
ACS Sustainable Chemistry and Engineering 10 3 146 Zone 3
Energy Economics 11 3 149 Zone 3
Energy Policy 12 3 152 Zone 3
Sustainable Production and Consumption 13 3 155 Zone 3
Energy 14 2 157 Zone 3
Environmental Research Letters 15 2 159 Zone 3
European Biomass Conference and Exhibition Proceedings 16 2 161 Zone 3
Frontiers in Energy Research 17 2 163 Zone 3
International Journal of Energy Research 18 2 165 Zone 3
Journal of Energy and Natural Resources Law 19 2 167 Zone 3
Proceedings - IEEE Congress on Cybermatics: 2020 IEEE International Conferences on Internet of Things, iThings 2020,
IEEE Green Computing and Communications, GreenCom 2020, IEEE Cyber, Physical and Social Computing, CPSCom
2020 And IEEE Smart Data, SmartData 2020

20 2 169 Zone 3

Renewable and Sustainable Energy Reviews 21 2 171 Zone 3
12th International Symposium on Advanced Topics in Electrical Engineering, ATEE 2021 22 1 172 Zone 3
2020 IEEE 17th India Council International Conference, INDICON 2020 23 1 173 Zone 3
2020 IEEE International Smart Cities Conference, ISC2 2020 24 1 174 Zone 3
2020 IEEE Vehicle Power and Propulsion Conference, VPPC 2020 - Proceedings 25 1 175 Zone 3
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3.1.3 Ranking and Benchmarking
The total documents extracted from the Scopus database are 213,
including articles (156), book chapters (6), conference papers
(21), conference reviews (2), editorials (3), reviews (22), and short
surveys (3). We assess the productivity of publications from one
zone to another through Bradford’s law (Nasir et al., 2021b).
Table 6 shows that only one journal ‘Sustainability’ falls in zone 1,
which is considered Bradford’s zone of the core journal, with 90
publications. Zone 2 contains eight documents that have a total of
53 citations. The most prominent sources in the second quantum
are ‘Energies’ (14) and ‘Journal of Cleaner Production’ (9). The
bottom zone included 16 sources with 32 citations and was cited
at least one time from 2020 to 2022.

Table 7 presents the source impact to highlight the core
journals related to the topic under study from the field of
energies. The information about the top ten sources is
arranged based on indexes (h, g, and m), total citation (TC),
net production (NP), and publishing year (PY start). Table 7
shows that the most prominent source of publication is
‘Sustainability (Switzerland)’ that has indexes (h-index = 12;
g-index = 20; m-index = 4.00; TC = = 588; NP = 90) in 2020.
‘Journal of Cleaner Production’ stands at second position based
on indexes (h-index = 5; g-index = 9; m-index = 1.67) in 2020.
However, its total citations (TC = 127) are less than
‘Environmental Research Letters’ (TC = 128), and similar is
the case with its net production (NP = 9), which is less than the
net production (NP = 14) of the ‘Energies’. The ‘Applied Energy’
ranked at third position with h-index = 3; g-index = 6; m-index
= 1) in 2020. Its total citations are 69, and net production is 6.

3.2 Citation Analysis
Citation analysis represents the most cited documents for the
country and authors’ output during the sample period (Nasir
et al., 2021a). It also differentiates the documents concerning local
and global and local citation. Table 8 provided the country-wise
total citation (TC) and average article citation (AAC)
information. Results show that Italy ranked at the top in
terms of total citation (TC = 303), whereas Norway attained
the top position in terms of average article citation (AAC = 65).
China and Norway placed at the second and third positions (TC =
170; TC = 130), respectively, in terms of total citation. The
United Kingdom got the second (AAC = 13.22) and the
United States got the third position (AAC = 12.89) in the
average article citation. India got at the last position in terms
of total citations (TC = 32) and average article citations
(AAC = 2.91).

Table 9 explains the author’s production and citations over
time. D’ Adamo seems to be the most prominent researcher in
the field of energy. He published two articles in 2020 with 81
citations, whereas his total citations per year are 27. Other
than D’ Adamo, Jger Waldau and Guney have also published
two articles with TC = 20; TCPY = 10, and TC = 12; TCPY = 6,
respectively, in 2021. Furuya and Luo ranked second with TC
= 50; TCPY = 16.7, while all the remaining five authors
(Guney, Karaca, Tleuken, Tleuken, and Turkyilmaz) have
attained third place in 2020 with one publication (TC = 24;
TCPY = 8).

Table 10 explains the local and global citations of the
articles with their publication details. Venter et al. (2020)

TABLE 7 | Source impact.

Sources h_index g_index m_index TC NP PY_start

Sustainability (Switzerland) 12 20 4.00 588 90 2020
Journal of Cleaner Production 5 9 1.67 127 9 2020
Applied Energy 3 6 1.00 69 6 2020
Sustainable Cities and Society 3 4 1.50 19 5 2021
Energies 2 4 0.67 27 14 2020
Energy Research and Social Science 2 5 0.67 90 5 2020
International Journal of Biological Macromolecules 2 5 0.67 26 5 2020
Energy Policy 2 3 0.67 57 3 2020
Environmental Research Letters 2 2 0.67 128 2 2020
International Journal of Energy Research 2 2 1.00 6 2 2021

TABLE 8 | Total citation per country.

Country Total citations Average article citations

Italy 303 12.62
China 170 6.30
Norway 130 65.00
United Kingdom 119 13.22
United States 116 12.89
Japan 37 9.25
Greece 36 9.00
Kazakhstan 36 12.00
Poland 35 5.83
India 32 2.91

TABLE 9 | Author production and citations overtime.

Author Year Freq TC TCPY

D Adamo I 2020 2 81 27.0
Furuya K 2020 1 50 16.7
Luo S 2020 1 50 16.7
Guney M 2020 1 24 8.0
Karaca F 2020 1 24 8.0
Tleuken A 2020 1 24 8.0
Tokazhanov G 2020 1 24 8.0
Turkyilmaz A 2020 1 24 8.0
Jger Waldau A 2021 2 20 10.0
Guney M 2021 2 12 6.0
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have the highest local and global citations (LCs = 7; GCs = 125)
for the article published in 2020. Their research focused on the
impact of social distancing during the COVID-19 period on
recreational activities. Results indicate that the outdoor
recreational activities in green spaces have increased during
the pandemic, indirectly mitigating the virus’s spread.
Furthermore, their findings highlight the importance of
green open spaces in urban planning for attaining the goal
of sustainable cities in the future (Venter et al., 2020). Xie et al.
(2020) have the second-highest local citations, i.e., five,
whereas their global citations are 50, the third-highest
citations relevant to the topic. Their research discussed the
impact of quarantine and social distancing policies on the
mental and physical health of the people. The respondents
emphasized the need for social interactions and fulfilled their
needs by visiting the nearby parks, which helped them cope
with the adverse health conditions. Their findings highlight the
importance of urban parks, open recreational areas, and a
green urban building environment in maintaining a healthy
quality of life that fulfills the social interaction needs of the
residents even during a pandemic period.

Table 10 reported that Hosseini (2020) has the second-highest
global citations, i.e., 86, and the third-largest local citation,
i.e., four, among the top ten articles. His study explained the
direct and indirect consequences of COVID-19 on the transition
of green and low-carbon energy adoption. He believed that the
current pandemic scenario slows down the economic activities
that ultimately impact the process of green energy adoption. The
government should restructure its green policies and involve the
private sector to effectively implement energy renewal and green
efficiency strategies (Hosseini, 2020). Uchiyama and Kohsaka
(2020) assessed the effect of socio-economic and environmental
attributes of the urban residential areas on the access to a green
environment. The visit to green places (parks, gardens, and
agricultural lands) is essential for the planning, health, social
justice, and equity of the residents, avoiding viruses in the future
(Uchiyama and Kohsaka, 2020). Lee and Woo (2020) explored
the impact of the newly announced post-COVID-19 energy-
efficient strategy by the Korean Government to build a low-
carbon and environment-friendly economic system. All these
actions are taken to promote green energy practices that reduce
the usage of traditional energy resources and help in the
transition process.

Tleuken et al. (2021) emphasized the green building
certification system in the post-pandemic era to facilitate a
healthy environment in the urban areas. Gosens and Jotzo
(2020) discussed the Chinese new deal policy anticipated to
support the green energy transition in the post-COVID-19 era.
However, the policy has emphasized more investment in fossil
fuel industries than in renewable energy projects. They believe
that COVID-19 may reduce the Chinese ambition to implement
green energy plans, so they must reconsider it to avoid future
disasters (Gosens and Jotzo, 2020). Tokazhanov et al. (2020)
emphasized the comfortable and eco-friendly residential
buildings to promote a healthy environment during viral
disease spread. Sui et al. (2020) provided evidence about
understanding the emission patterns of buses and cars during
a pandemic period and emphasized taking better investment
decisions to promote an environment-friendly public transport
system in the future. Barcaccia et al. (2020) discussed the impact
of COVID-19 on food and agri-based businesses and
emphasized research and development activities to promote
these businesses.

3.3 Keyword Analysis
Keyword analysis reports the most repeated and frequently used
essential concepts in the main body of an article from a specific
field during the period under study. Table 11 highlights the top
ten most significant concepts, words, and phrases used in the
green energy literature during the post-COVID-19 era in the field
of energy. These keywords are primarily used in the titles,
abstracts, authors’ keywords, and keyword plus. Their
comparison analysis confirms the existence of similarities in
the most employed words in the body of the article. For
example, ‘Covid 19,’ ‘Green,’ ‘Energy,’ ‘Sustainability,’
‘Development,’ ‘Pandemic,’ and ‘Sustainable’ are the frequently
used words in all categories of keyword analysis.

Another important point presented in Table 11 is that the
concept of green energy is not limited to the field of energy but is
also related to the diversified fields of social sciences such as
economics, finance, and environmental sciences. For example,
keywords such as ‘Investments’ and ‘Green Bonds’ are more
relevant to the field of finance. At the same time, ‘Development,’
‘Urban,’ ‘Economic,’ ‘Sustainability,’ and ‘European Union’ are
more related to the discipline of economics. On the other hand,
the keywords ‘Climate Change,’ ‘Renewable Energy,’

TABLE 10 | Local and global citations.

Documents DOI Year Local citations Global citations

Venter et al. (2020), Environ Res Lett 10.1088/1748-9,326/ABB396 2020 7 125
Xie et al. (2020), Sustainability 10.3390/SU12176751 2020 5 50
Hosseini (2020), Energy Res Soc Sci 10.1016/J.ERSS. 2020.101,633 2020 4 86
Uchiyama and Kohsaka (2020), Sustainability 10.3390/SU12239842 2020 3 23
Lee and Woo (2020), Sustainability 10.3390/SU122310191 2020 2 18
Tleuken et al. (2021), Sustainability 10.3390/SU13020460 2021 2 10
Gosens and Jotzo, 2020, Environmental Innovation and Societal Transitions 10.1016/J.EIST. 2020.07.004 2020 1 14
Tokazhanov et al. (2020), Sustainability 10.3390/SU12208732 2020 1 24
Sui et al. (2020), Appl Energy 10.1016/J.APENERGY. 2020.115,966 2020 1 18
Barcaccia et al. (2020), Sustainability 10.3390/SU12145651 2020 1 23
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TABLE 11 | Distribution of publications on green energy efficiency by keyword.

Title Abstract

Words Occurrences Words Occurrences

Covid 80 Green 377
Green 80 Energy 311
Energy 35 Covid 300
Pandemic 30 Pandemic 204
Sustainable 30 Sustainable 165
Urban 23 Development 146
Sustainability 18 Authors 144
Review 17 Study 129
Case 16 Economic 126
Analysis 15 Sustainability 120

Author keyword Keyword Plus

Words Occurrences Words Occurrences

Covid 19 59 Covid 19 61
Sustainability 24 Sustainability 42
Sustainable Development 15 Sustainable Development 33
Renewable Energy 11 Viral Disease 20
Covid 19 Pandemic 10 Coronavirus 18
Climate Change 9 Investments 18
Pandemic 6 Climate Change 17
Resilience 6 Epidemic 17
Energy Efficiency 5 European Union 12
Green Bonds 5 Greenspace 12

FIGURE 3 | Abstract keywords, title keywords, author keywords, and keywords plus.
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‘Greenspace,’ and ‘Energy Efficiency’ are mainly discussed in the
environmental sciences field.

Some generic terms are used in the title and abstract keywords
that represent the research terminologies such as ‘Analysis,’
‘Study,’ ‘Review,’ and ‘Case.’ Figures 3.1–3.4 depict the most
important words used in the article. These words/concepts/
phrases were identified through word cloud analysis, where
their size reflects the importance of the word. In Figure 3.1,
the five most essential words are COVID-19, green, energy,
sustainability, and development. In Figure 3.2, the most
popular phrases are energy, green, sustainable, COVID, and
development. Figure 3.3 includes COVID-19, sustainable

development, renewable energy, and climate change, whereas
investment, COVID-19, sustainability, viral disease, and climate
change are the most prominent words found in Figure 3.4.
Interestingly, China is the major country found in the title
and author keywords, while Switzerland has existed in abstract
keywords and Italy is identified in keyword plus analysis.

4 CONCEPTUAL FRAMEWORK

In addition to the main influential aspects, the conceptual
framework to identify core themes and research streams in the

TABLE 12 | Bibliometric coupling.

Label Cluster Weights

Links Total link strength Citations

Trivellas et al. (2020) 1 5 6 10
Khan M S et al. (2020) 1 6 6 9
Yousaf et al. (2021) 1 3 4 5
Khan M M et al. (2020) 1 3 4 21
Alaimo et al. (2020) 1 3 4 36
Arribas-Ibar et al. (2021) 1 3 4 11
Jian et al. (2020) 1 3 3 11
Su et al. (2021) 1 1 3 5
Bayulken et al. (2021) 1 2 3 8
Lv et al. (2020) 1 4 3 9
Alvarez-Risco et al. (2021) 1 2 2 5
Amicarelli et al. (2021) 1 1 2 11
Pulighe and Lupia (2020) 1 1 2 54
Han et al. (2021) 1 2 2 5
Chi Ffoleau and Dourian (2020) 1 1 1 14
G. Barcaccia et al. (2020) 1 1 1 23
Tokazhanov et al. (2020) 2 7 28.9999 24
Tleuken et al. (2021) 2 7 28.9999 10
Herman and Drozda (2021) 2 8 6.9999 7
Cai et al. (2021) 2 6 6 7
Uchiyama and Kohsaka (2020) 2 3 4 23
Barbarossa (2020) 2 7 3.9999 25
Hodor et al. (2021) 2 5 3.9999 6
Marek (2021) 2 3 3 14
Lidskog et al. (2020) 2 3 3 9
Cooke, (2021) 2 2 2 5
Lee and Woo (2020) 2 2 1 18
Xie et al. (2020) 2 1 1 50
Heo et al. (2020) 2 1 1 14
Bărbulescu et al. (2021) 2 2 1 5
Gutiérrez et al. (2021) 2 1 1 5
Oncioiu et al. (2021) 3 4 10 5
Gusheva and De Gooyert (2021) 3 2 8 5
Yanguas Parra et al. (2021) 3 4 5 5
Nikas et al. (2021) 3 7 4.9999 21
Strielkowski et al. (2021) 3 5 2.9999 12
Gosens and Jotzo (2020) 3 2 2 14
Kougias et al. (2021) 3 2 2 8
Frank and Wali (2021) 3 4 1.9999 5
Mohideen et al. (2021) 3 4 1.9999 9
Ali Shah et al. (2021) 3 1 1 29
(Sui et al., 2020) 3 2 1 18
Chernysh and Roubík (2020) 3 1 1 7
Jäger-Waldau (2021) 3 1 1 12
Gürdür Broo et al. (2021) 3 1 1 7
Chehade and Dincer (2021) 3 3 0.9999 10
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relevant topic may provide critical implications and future
research directions. Therefore, we adopt the strategy (Khan
et al., 2021a) that uses the bibliometric coupling and co-
occurrence network to identify key research streams and themes.

4.1 Bibliometric Coupling
Bibliometric coupling occurs when two articles cite the same
references (Kessler, 1963). Figure 8 shows the bibliometric
coupling of the green energy practices literature. We used a
VOS viewer to conduct analysis and found three clusters
separated by blue, green, and red colors. The bubble size is
dependent on the relative link strength of the document label
with other labels. Figure 8 highlights three clusters representing
contemporary themes, and details of these themes are provided in
Table 12.

Figure 4 shows three main clusters of green practices, energy
efficiency, and environmental deregulations. These clusters
represent various research streams based on bibliometric
coupling among articles, explained in Table 12. The strength
of a relationship is measured by links, total link strength, and
citations. The main research stream of cluster 1 (red) is the
sustainable green business, supply chain, and food security
strategies in a pandemic. The main findings of the cluster are
sustainable supply chainmanagement and food safety in COVID-
19 (Trivellas et al., 2020; Su et al., 2021; Chi Ffoleau and Dourian,
2020). Furthermore, the research stream provided details about
food security (Khan M M et al., 2020; Pulighe and Lupia, 2020)
and innovative sustainable ecosystems (Arribas-Ibar et al., 2021).
Cluster 2 (green) possesses highly linked articles, and the main
research stream is defined as the post-COVID-19 environment
and strategies for green infrastructure management. The cluster
explains the green infrastructure dynamics in social distancing

during COVID-19 (Herman and Drozda, 2021), green practices
and infrastructural requirements during pandemic (Tokazhanov
et al., 2020; Tleuken et al., 2021), and innovative policies for
sustainable transitions during COVID-19 (Lee and Woo, 2020).

The third cluster is constructed on fifteen research articles.
The main research stream is about green solutions, recovery, and
opportunities from the COVID-19 pandemic. The highly linked
article is written by Oncioiu et al. (2021), who saw COVID-19 not
as a threat but as an opportunity for sustainability and the
development of green practices. Furthermore, cluster 3
provides relevant literature regarding green recovery strategy
during pandemics (Gusheva and De Gooyert, 2021; Ali Shah
et al., 2021), efficient management of energy consumption
(Strielkowski et al., 2021), and environmental protection
(Frank and Wali, 2021; Chernysh and Roubík, 2020).

4.2 Co-Occurrence Network
A co-occurrence network provides rigorous analysis to find
thematic patterns in the literature using the link strength of
the most significant keywords. The study uses a VOS viewer to
conduct the co-occurrence analysis and provided details of
keywords in Table 13 with identified cluster and
recommended theme. The co-occurrence network is divided
into four dynamic clusters (red, green, blue, and yellow) with
a significant underlying study theme, presented in Figure 5.

The keyword segregation, cluster information, and
recommended themes related to Figure 5 are provided in
Table 13. The red cluster in Figure 5 represents the theme of
sustainable, innovative, and strategic green policy in the epidemic
era. The stated theme provides a detailed explanation of green
strategies and environmental quality (Magazzino et al., 2021),
sustainable and innovative ecosystem (Arribas-Ibar et al., 2021),

FIGURE 4 | Bibliometric coupling.

TABLE 13 | Co-occurrence network and recommended themes.

Keywords Cluster Suggested theme

covid-19, sustainability, coronavirus, viral disease, epidemic, innovation, policymaking,
green economy, strategic approach, supply chain management, carbon emission,
environmental policy, research, and development

1 Sustainable, innovative, and strategic green policies in the
epidemic era

investments, energy policy, renewable energy, economics, alternative energy, gas
emissions, carbon, energy security, economic and social effects, energy efficiency, costs,
energy market, sustainable development goal, energy, renewable energy resources, fossil
fuels, recovery, and energy management

2 Energy security and sustainable development goals for social and
economic development

sustainable development, climate change, European Union, greenhouse gases,
greenhouse gas, emission control, environmental impact, public health, biodiversity,
tourism, viruses, European commission, green deal, and planning

3 Green practices and public health protection

risk assessment, commerce, investment, green bond, financial markets, and green bonds 4 Green finance, investment, and risk management
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post-COVID-19 sustainable growth (Bărbulescu et al., 2021), and
transitions towards green strategies (Lee and Woo, 2020).

Energy security and sustainable development goals for social
and economic development are the themes for the co-occurrence
network’s second cluster (green). The theme highlights the green
business and objectives to harmonize sustainable development
goals (Yousaf et al., 2021; Russo et al., 2021; Filatova et al., 2021)
and impact, challenges, and opportunities for renewable energy
production and efficiency (Gansukh, 2021; Celik et al., 2021; El
Moummy et al., 2021; Wang et al., 2021). Green practices and
public health protection represent the thematic foundations for
the third cluster (green). It possesses the literature on sustainable
development, climate change, and public health policies
(Reinwald et al., 2021; Bayulken et al., 2021; Klioutchnikov
et al., 2021; Sifa et al., 2021; Cole, 2020; Lyytimäki et al.,
2020). The fourth theme provides direction toward financial
markets and deals with green finance and investment
strategies. The literature provides risk assessment strategies

and control with the help of green financial instruments
(Chakrabarti and Sen, 2021; Fu and Ng, 2021).

5 CONCLUSION

Green energy has become a topic of interest for scholars and
policymakers in the recent pandemic era. The world is paying
more attention to adopting green practices to deal with
environmental challenges. However, the transition process is
slow due to a lack of investment in eco-friendly energy
projects. The government is trying to involve the private
sector in green energy projects such as photovoltaic electricity
generation, hydrogen, and fuel cell technologies after the
outbreak of COVID-19. However, it requires lots of effort and
finances in the implementation process. The academicians are
also working in the same line to create awareness and signify
energy efficiency’s importance. The literature on the topic is

FIGURE 5 | Co-occurrence network.
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overwhelming, and it is difficult for the researchers to build a
constructive view. That is why the current study conducted a
bibliometric analysis to give a comprehensive view of the topic.

The study examined the significance of green energy efficiency in
the post-COVID-19 era to deal with environmental deregulation.
Data were extracted from the Scopus database (2020–2022) in
energy, and almost 73% of the included documents were articles.
China is the most influential country at the global level, followed by
Italy, the UK, and the United States, which significantly contributed
to the literature. However, in terms of citations, Italy gained a
prominent place. At an institutional level, Nazarbayev University
is the most contributing institution that the University of
Cambridge, the National Research Centre, and the Sapienza
University of Rome follow. Finally, sustainability is a top-ranked
journal, where almost 58% of articles related to the topic were
published. Conversely, the collaboration between the authors,
countries, and institutions has increased over time.

The study provides research streams and themes with the help of
bibliometric coupling and co-occurrence networks. The research
streams provide direction in the specific research area, and
research themes provide segmentations of what has been done.
The study found three research streams; the first research stream
directs the literature towards sustainable green business, supply chain,
and food security strategies in a pandemic. The second research
stream represents the post-COVID-19 environment and strategies for
green infrastructuremanagement. The third research stream is related
to green infrastructure dynamics in social distancing during COVID-
19. The study highlights the four highly contributing research themes.
The first research theme provides sustainable, innovative, and
strategic green policies in the epidemic era. The second research
theme is energy security and sustainable development goals for social
and economic development. The third theme is related to green
practices and public health protection, and green finance, investment,
and risk management are included under the fourth theme.

6 POST-COVID-19 OPPORTUNITIES FOR
ENERGY EFFICIENCY

The COVID-19 pandemic has drastically changed the world’s focus
on green energy adoption. Although, the government, international,
and local organizations have become more active in environmental
issues after the Paris climate agreement and the UN Summit.
However, the transition process was slow. The COVID-19
pandemic has provided a great opportunity to re-think, re-

establish, and re-enforce the new energy policy towards low
carbon emission, green efficiency, and renewable energy projects.
In many economies, the projects of photovoltaic electricity
generation, hydrogen, and fuel cell are either developmental or
implementational. So, there is a need to develop a regulatory
framework to promote and implement such projects. Green
energy projects require a considerable amount of funding.
Therefore, there is a need to involve the private sector in such
projects. Governments should motivate the financial sector to
promote green finance, green credit, green bonds, and other eco-
friendly financial instruments to support a green economy. Subsidies
and tax exemptions could be offered to eco-friendly energy projects.
Furthermore, financial support should be provided to the research
and development activities to explore innovative and cheap energy
renewal methods that enhance energy efficiency.

7 LIMITATIONS OF THIS STUDY

This study also faces some limitations that are essential to address to
enhance the scope of the study. First, the data were extracted from the
Scopus database. Even though it is a reliable source, the researchers
still believe that future scholars can use the combinations of databases
such as Scopus and Web of Sciences to get a more comprehensive
view of the topic. Second, the study is based on quantitative data,
which cannot access the quality or content of the publications. That is
why few of the publications included in the analysis did not directly
address the energy efficiency topic. Instead, they mainly address the
topic of environmental deregulation and climate change. Third, the
analysis is conducted at one point in time the results of the search
query may change over time.
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