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1. Introduction

COVID-19 has had detrimental effects on multiple dimensions of human life,
society, and the global economy. Although it is recognized that the virus had no
direct influence on the environment or the energy sector, it certainly indirectly
affected these sectors. The outbreak is predicted to reduce capacity growth for
global wind and solar energy by 4.9 GW and 28 percent, respectively (Interna-
tional Energy Agency 2020) and there have been several layoffs and changes in
the energy industry. The governments worldwide needs to move promptly to
establish necessary steps to limit the outbreak’s negative impact on the renewable
energy sector (Eroglu 2021)

The outbreak of COVID-19 has had a huge influence on the renewable energy
sector. Sharp economic downturns have slowed renewable energy supply chains,
while a drop in market-based funding and government incentives for renewable
energy investment has generated major concern among entrepreneurs (Karmaker
et al. 2021). Global energy consumption has been reduced due to pandemic-
related outages, which has had a huge influence on renewable energy programs.
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Meanwhile, government incentives have been shifted to epidemic relief efforts.
The abrupt halt in production has caused substantial disruptions in the worldwide
renewable energy supply chain (Ivanov, Dolgui 2021).

The impact of the pandemic on the renewable energy sector is demonstrated
by the closure of numerous significant wind turbine manufacturing plants
(Eroglu 2021). Similar negative consequences can be seen in the solar business
where there was a 28 percent drop in demand in 2020 (Hoang et al. 2021). As
a worldwide health calamity, the COVID-19 epidemic has been a severe blow
to the world economy, notably the oil industry (Chakraborty, Maity 2020). Per-
sonal automobiles and other main forms of transit were severely restricted due
to containment measures (Elavarasan et al. 2021). As a result, energy production
fell substantially in response to falling global demand, as indicated by lower
output from nuclear reactors in Europe and the United States in the first quarter
of 2020. China’s tightly managed lockdowns in several of the country’s hardest-
hit provinces have resulted in a 15% decrease in the country’s weekly energy
demand (Bertram et al. 2021). Even though the regulations were initially limited
to Hubei and nearby provinces, they swiftly expanded to cover most of China
(Sharma et al. 2023). Looking back on 2019, many EU countries were on the edge
of failing to meet their obligations owing to a lack of effective measures to assist
the needed number of renewable energy projects (Stern et al. 2020). Diverse pat-
terns of conventional and renewable energy supply across regions resulted in
varying levels of energy poverty in specific geographies, resulting in divergent
energy saving and consumption behaviours (Deller 2018; Castafio-Rosa et al. 2019;
Zhang etal. 2019, 2021; Ampofo, Mabefem 2021). Additionally, there is a disparity
in terms of energy poverty, energy consumption, and energy conservation between
persons of different races and ethnicities, leading the scientific community to the
subject of racial disparities in energy usage (Oppel Jr. et al. 2020).

Certain fiscal policies may obstruct project development and deployment, as
well as research advancements in renewable energy technology (Gebreslassie 2020)
Due to its considerable position in the existing electrical generation mix, dropping
natural gas costs would naturally increase power demand, according to basic
economic considerations. Energy demand and consumption are on the rise, which
could provide a boost to economic growth (Fu, Shen 2020). Experts examining
the impact of the COVID-19 pandemic on the global energy industry expressed
conflicting opinions on the demonstrable influence on the speed and integrity of
system rearrangement in response to the outbreak (Pareek et al. 2020). The transi-
tion to a low-carbon economy, as well as increased public interest in alternative
energy sources, have all had an impact on these changes (Bertrand et al. 2020).
As a result, power firms changed their operations in reaction to the pandemic’s
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effects by postponing new investment projects, tightening budgets, and eliminat-
ing wasteful spending, resulting in major short-term implications on worldwide
renewable energy (Klein et al. 2018).

This study provides a fresh perspective on the problems associated with
creating fundamental changes in our economy and society needed to make them
more environmentally sustainable, especially in response to challenging times. The
concept of managing the transition to renewable energy has taken centre stage in
the policy debate on sustainable development. This paper offers an innovative
approach to the role of public policies in managing this transition and covers
a variety of perspectives from political science, sociology, economics, innovation
studies, complex systems theory, and evolutionary thinking. Neo-classical thought
regards innovation as involving market failures due to positive externalities of
research and development and highlights the behavior of innovators and the us-
ers of innovators (Bergh, Bruinsma 2008). This study extends the existing theories
that emphasize the need for a system-wide approach that takes into account sector
interactions as well as the complex relations between the technologies, institu-
tions, and behavior of the firms and consumers (IRENA 2020; Tung et al. 2022).

The extant literature has assessed the impact of COVID-19 on the energy sec-
tor from many perspectives (Gebreslassie 2020; Jiang et al. 2021; Tung et al. 2022)
However, there is a need for a comprehensive assessment of the overall pan-
demic influence on the renewable energy sector. To fill this gap, we conducted
an integrative review in a systematic and structured manner to meet multiple
objectives. One objective was to identify research hotspots detailing the impact
of COVID-19 on renewable energy while outlining the influencing mechanisms.
The second objective was to propose fresh research directions based on existing
findings. For the third objective, taking our cues from Fan et al. and Thomas and
Tee (Fan et al. 2022; Thomas, Tee 2021), we centered our study around a theoretical
framework (Fig. 1) to provide a conceptual framework for future research attempt-
ing theory development in the area needed to provide practical and theoretical
implications for researchers and policymakers.

The purpose of this research is to provide an in-depth analysis of the world-
wide implications and difficulties of the COVID-19 pandemic on the renewable
energy industry, as well as to highlight energy-related lessons and upcoming
prospects by documenting key trends and hotspots in the area. The major contribu-
tions of the study are threefold. First, the integrative review identifies five themes
and explores the influence mechanism within each theme. Second, the study
identifies the aspects of renewable energy that are influenced by the COVID-19
pandemic. Third, the study proposes a conceptual framework highlighting the
effects and challenges of the COVID-19 pandemic on renewable energy demand
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and consumption patterns, with aggregate dimensions discovered through induc-
tive analysis to back up these findings. The three main energy challenges are: the
healthcare sector primarily dealing with disease control; associated environmental
impacts with challenges relating to fluctuating and uncertain energy demand and
consumption, structural and pattern changes, greenhouse gas emissions, local
air quality, energy transmission infrastructure, and oil production and transmis-
sion network; associated economic impact associated with activities including
households, agriculture, public and commercial sector, energy import/export,
sales revenue, and expenditure, social sector including human resources, labor
force, population, employment, partnerships, funding schemes, and subsidies,
technology R&D, and overall economic welfare and GDP. This study also makes
practical propositions for researchers and policymakers.
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Figure 1. Theoretical framework
The paper progresses as follows: The following part describes the techniques

used for this review; and the third section presents the findings; the fourth section
offers the discussion along with the integrative review, fifth sections provides
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future research agendas and the last section presents some conclusions and policy
implications.

2. Methodology and materials

This study employed an integrated strategy combining a bibliometric review
with a manual insightful review (Fig. 2). Integrative reviews aim to provide new
theoretical frameworks and viewpoints by reviewing, critiquing, and synthesiz-
ing “representative” literature (Cronin, George 2020). A bibliometric review is
a type of theme-based review that emphasizes facts and trends in a review sub-
ject (Paul et al. 2021). In addition, we conducted a manual in-depth review that
consolidated the relevant research and synthesized the objectives, techniques,
predictors, and policy suggestions. The Bibliometrix R package software was
used in the study to retrieve and analyse information from documents (Aria,
Cuccurullo 2017). Bibliometrics R-Tool is a piece of free software that can provide
a full set of literature information analysis and scientific mapping (Rodriguez-
Soler et al. 2020).
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Figure 2. Methodological flowchart

The search was run in February 2022 via a Boolean operator using the key-
word strings (Fig. 3). Given its consistency with social science, Web of Science
(WoS) is the most extensively utilized citation database (Li et al. 2010). Following
some important reviews that employed systematic research methodologies (Talan,
Sharma 2019; Thomas, Tee 2021), we used the Web of Science (WoS) database
to collect relevant literature. The WoS is the most extensively used database
for scientometric analyses with full literature data from 1985 up to the present
(Cafias-Guerrero et al. 2013; Liu et al. 2021; Lv et al. 2021). This search results in
80 research studies between 2019-2022..

The original search query results were sorted by inclusion-exclusion criteria,
resulting in the inclusion of 80 publications (Fig. 3). This refinement results in
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80 research articles, which are then exported as a “.txt’ file with comprehensive
title, author, citations, country, and so on.

Database: Web of Science

Boolean: ((TI=((Covid) AND (“Energy” OR

_< ;Eng:;ry?jn;nent”))) AND (TI-Abstract-Keyword="Renewable

Records generated after Query: 121

~

Exclude:

Document Types: Book Review, Early Access, Proceedings

paper, Correction, Editorials and Book Chapters
Selection
-< Language: Non-English Research Papers

Final Records Fetched: 80

Figure 3. Search and selection process

3. Results

This section presents the social, intellectual, and conceptual structures that
define the research landscape on COVID-19 and renewable energy.

3.1. Social structure

Social structure encompasses the patterns of co-authorship and country
collaboration that reveal key authors, research clusters, and the geographic
distribution of networks shaping the development in the field. Co-authorship
visualization analysis

Co-authorship analysis is an important feature of research collaboration not
only at the individual level but also at the country level (Jalal 2019). Figure 4
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depicts a graphical analysis of co-authorship among the top 50 authors who
have co-authored at least one publication together. The authors’ links reflect
their collaboration patterns, with five distinct hues signifying the authors’ clus-
ters of collaborations. The following clusters represent the most prominent and
important author collaboration networks and reached the following conclusions:
blue (with five authors) - that reduced energy consumption had a major impact
on the operations of small electric grids, while further highlighting the challenges
posed by the pandemic including the impact on the electricity generation and
demand patterns, frequency deviations and load forecasting (Carmon et al. 2020;
Navon et al. 2021); Orange (with three authors) opine that a resilient energy supply
network with a risk-sharing model tended to stabilize the company’s total profit
with varying degrees of impact from the pandemic, and that renewable credit and
supplier subsidy models should be considered to recover the renewable energy
market (Tsao et al. 2021). The remaining three clusters show moderate collabora-
tion with only two authors. Igbal et al. highlight that the COVID-19 pandemic had
a significantly negative effect on energy consumption and carbon dioxide emis-
sions patterns (Igbal et al. 2021). While Igbal and Bilal argue that governmental
offices, energy ministries, and other linked departments should provide utmost
assistance for energy efficiency optimization (Igbal, Bilal 2021). Most papers
were dual-authored, thereby emphasizing the need to improve collaborations.
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Figure 4. Co-authorship visualization analysis

3.1.1. Country collaboration map

Figure 5 illustrates another bibliographic network considering collaboration
links between scholars worldwide. The deeper the blue tint, the more publications
a country’s researchers have. Collaborations are shown as lines, with the thick-
ness of the lines denoting the number of publications provided by the nations
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combined. A list of the countries where the scholars produced the majority of
research in “COVID-19 and Renewable Energy” was compiled between 2019 and
2022. The highest rate of collaboration between scholars occurred between India
and China, followed by China with Japan. It's worth noting that the country’s most
severely hit by COVID-19 have the highest collaboration rates, implying that they
shared knowledge and assisted one another in obtaining scientifically significant
findings. There were some notable collaborations between the USA with China
and Thailand and Australia with the UK and Vietnam. The highest rates of net-
working often occur with nations that were far apart geographically and seemed
to be influenced by policies and practices linked to healthcare mobility policies.

Figure 5. Co-authorship visualization analysis

3.2. Intellectual structure

The intellectual structure reflects frequently cited works and thematic link-
ages that collectively shape the research field.

3.2.1. Co-citation analysis of authors

As examples, Figure 6 presents two clusters showing co-citation analysis.
The blue cluster shows authors like Wang, Zhang, Liu, Jiang, Li, Wu, and Huang.
These authors have worked together closely. Wang has collaborated with Zhang,
Chen, Liu, Xu, and Jiang. Wang has collaborated with different authors from
varied fields of interest, and this has ultimately let him capture broader research
areas. For instance, in one research paper Wang et al. confirmed and highlighted
the versatile role of three-dimensional printing in tackling COVID-19 challenges,
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leading future researchers to focus on the hurdles encountered by the additive
manufacturing industry, indicating the need for further investigations to enhance
three-dimensional printing technology (Wang et al. 2021). Alternatively, as part of
the COVID-19 implications for BRICS Countries (Wang et al., 2021) opine on green
finance as an appropriate financial strategy to reduce carbon dioxide emissions.
The shape of the sphere represents how many co-citations are done by the author,
the bigger the sphere is, the larger the number of co-citations of the authors. The
red cluster represents the authors Hosseini, Steffen, Klemes, Elavarsan, and Birol.
The combination of the pandemic epidemic and turbulent market circumstances
has diverted policymakers’, corporate leaders’, and investors” focus away from
renewable energy transitions. Hosseini and Birol explain the need to re-structure
energy and climate policies over the next few years to better achieve the desired
long-term trajectory towards green power generation and utilization (Birol 2020;
Hosseini 2020). Additionally, the inter-cluster association is also clearly visible
from the figure. For instance, Wang has collaborated with Hosseini, and Hosseini
has collaborated with Zhang, and Chen as well.

le quéré

Figure 6. Co-citation authors network

3.3. Conceptual structure

This section, using the conceptual framework of the relevant scholarship, dis-
cusses the many facets of COVID-19’s influence on the energy industry, including
keyword co-occurrence (Fig. 7) and the strategic diagram of the thematic map.
(Fig. 8), further cushioned by the inductive analysis that highlights the aggregate
dimensions from the study.

Keyword co-occurrence examines the authors” main keywords by developing
strategic diagrams utilizing co-occurrence network analysis and co-word analysis
(Fig. 7 and 8), highlighting the major themes studied in the 80 publications cov-
ered in this study (Aria, Cuccurullo 2017). Co-word analysis provides insight into
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various themes or concepts within a knowledge domain ( Eck van, Waltman 2010).
Keywords co-occurrence reveals the patterns and linkages between the themes
of the document ( Zupic, Cater 2015).

Every article has at least four and up to six author keywords which play
an important role in characterizing the content of papers. Figure 7 displays the
co-occurrence network analysis of 50 terms that appeared at least twice in the 80
articles. The higher the frequency, the larger the nodes; the lines connecting these
nodes show co-occurrence. The most commonly included keywords ‘renewable
energy, ‘COVID-19’, “CO, emissions’, ‘'SDG 7, “sustainability’, “air pollution, and
‘energy sector’ have the highest total link strength for the research studying et al.
the impact of COVID-19 on the renewable energy sector.

The most relevant keywords are organized into four groupings in Figure
7. First, with the corpus of knowledge concerned with COVID-19, the focus of
research has been on the future of renewable energy. Second, renewable energy
has borne great losses during the energy transition, and this is considered in
terms of its efficiency and consumption. The third cluster includes terms like
energy policy, coronavirus, sars-cov-2, power system stability, and health crisis.
The fourth section is devoted to information on COVID-19, its initial outbreak in
China, and the control mechanisms of lockdown.
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Figure 7. Keywords co-occurrence
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To further investigate the influence of COVID-19 on the renewable energy
industry, we develop the strategic structure (thematic map) of the relevant schol-
arship. We examined 50 keywords and utilized the bibliometric package with
R software to create the strategic diagram. The strategic diagram categorizes
the topics based on two measures: centrality and density (Cobo et al. 2015). The
thematic map (Fig. 8) presents seven themes spread across the four quadrants
namely motor, Niche, Emerging or Declining and Basic themes.

Niche Themes Motor Themes

Carbon dioxide, renewable
energy, epidemic, human,
—®| energy resource, pandemics, Carbon, energy
sars-cov-2, air quality, efficiency, fossil fuels,
coronavirus disease 2019, Sars sustainability,
coronavirus, carbon footprint, sustainable energy,

air p carbon emissi
epidemiology, lockdown, virus, climate change, carbon

Decision making, energy,

Research

public healeh, | | digital storage, global

viral disease warming, employment,
. i H water treatment
4 4 control, energy
a ' transitions, green
2 Disease Control finance, planning
g E H - recovery, carbon
2 E B st dioxide emission,
&g H ECONOMIC FECOVETY,
E E ics, en energy industry, energy
A o ey management, energy

sector, energy

sustainability, energy

SYStems, energy use, gas
emissions, global energy

power markets, transmission networks, energy 5

conservation, global economies, government
gr of energies,

policy implications, solar photovoltaics

Alternative energy,
renewable energy , electric
supply, resources, wind
power, environmental
protection, crude oil, price
dynamics, action plan,
economic and social effects

Gross domestic product,

Emerging or Declining Themes E Basic Themes

Relevance degree
(Centrality)

Figure 8. Thematic map

Motor themes include COVID-19 with subthemes such as carbon dioxide,
renewable energy, epidemic, human energy resources, pandemics, carbon foot-
prints, and air pollution. This industry has seen a considerable drop in emissions
(58 percent of the overall reduction by sector for January-April 2020), with coal
power generation’s carbon dioxide emissions decreasing by 508 Mt CO2 compared
to the same period in 2019. The entire reduction was projected to be 1749 Mt CO2,
or 14.3%, with the COVID-19-induced lockdown from January to April 2020 ac-
counting for the majority of the decline (Sikarwar et al. 2021). In contrast to this
lockout, measures have a large short-term impact on carbon emissions. Although
the reduction in carbon emissions was only transitory, it demonstrated that we
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can cut carbon emissions in the long run if suitable restrictions are implemented
at the city, national, continental, and global levels. Several major cities and nations
with substantial carbon-emission-related operations and long-term lockdown ef-
forts lowered carbon emissions dramatically in 2020. Numerous large cities and
nations, on the other hand, that were either unaffected by COVID-19 or did not
implement rigorous lockdown measures in 2019 had a limited or no influence
on carbon emissions in 2020. This implies that considerable reductions in carbon
emissions may be unachievable in the long run without major and long-term
changes in human activities that cause a rise in carbon emissions (Ray et al. 2022).
Recent studies have shown genetic material of the SARS-CoV-2 virus can be found
in sludges and wastewater. When it comes to COVID-19, a significant portion of
the human faeces waste generated in impoverished nations is not appropriately
processed. Additionally, there is a critical shortage of skilled staff to operate and
maintain the treatment works. In order to effectively manage the COVID-19 risk,
the challenge is to place a greater emphasis on process control and to incorporate
extra treatment stages, such as chlorination, and the use of renewable energy in
the treatment process (Chen et al. 2021).

Niche themes include environmental impact and disease control, and these
further incorporate energy, atmospheric pollution, and public health respec-
tively. The quantity of medical waste created in Ahmedabad, India, surged from
550-600 kg/day to roughly 1000 kg/day during the first phase of the lockdown.
COVID-19 created around 206 million tons of medical waste each day in Dhaka. As
a result, medical waste (such as needles, syringes, bandages, masks, gloves, used
tissue, and discarded medications) must be properly managed in order to avoid
further infection and environmental pollution, which is now a global problem
(Doremalen van et al. 2020; Rume, Islam 2020). Although experts and responsible
authorities advise that home organic waste and plastic-based protective equipment
(hazardous medical waste) be disposed of and separated appropriately, combin-
ing these wastes increases the risk of disease transmission and trash workers’
exposure to the virus (Ma et al. 2020; Somani et al. 2020).

Emerging or declining themes include economic analysis which further in-
cludes subthemes such as economic development and economic growth. Apergis
and Apergis suggest that COVID-19 has caused supply shocks by destroying
production capacity and disrupting supply systems (Apergis E., Apergis N. 2021).
Even if human capital is disrupted (due to a recession), growth can be the result
of technological progress, provided manufacturing supply embodies product
innovation and the latest methodologies to accommodate change. Inegbedion
implemented a standard global computable general equilibrium model to describe
the underutilization of labor and capital, an increase in international trade costs,
and a redirection of demand away from activities that require proximity between
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people (Inegbedion 2021). COVID-19 has brutalized communities by spreading
infection and death indiscriminately across countries (Lucas 2020).

Basic themes include sustainable development, renewable energies, and in-
vestment, these further include subthemes such as climate change, power markets,
and alternative energy respectively. Setting up a sustainable system is an effective,
yet urgently needed, answer. Priority areas are identified in seven early lessons:
reducing environmental harm and vulnerability to dangerous feedback; promoting
urban sustainability; and improving risk analysis and management. These les-
sons will be useful in coping with the impending global disasters that humanity
faces, such as starvation, water shortages, further pandemics, and, eventually,
climate change — which will worsen all other crises (Munasinghe 2020). The de-
ployment of sustainable systems necessitates strong and effective policies in the
region, as well as the most appropriate methodologies and practices (Amir and
Khan 2022). The COVID-19 epidemic is the first of its kind, and it brought global
economic activity to a halt. It is projected to have a significant negative impact on
businesses’ cash flow. Unlike the global financial crisis, which began because of
financial suffering, the COVID-19 pandemic is a health disaster with worldwide
economic ramifications, accompanied by disruptions created by lockdowns and
travel-related restrictions. There is a great deal of ambiguity about how it will
affect various economic, social, and political structures. The availability of vac-
cines, as well as how rapidly consumer and business sentiments may return to
pre-pandemic levels, will determine future success. During a downturn, investors
pay more attention to corporate fundamentals. As a result, the ESG approach’s
relative outperformance stems from the fact that the likelihood of its returns be-
ing influenced by the other two safer investment methods rises during times of
crisis. It denotes a shift of capital from defensive and EAFE (stocks from Europe,
Australasia, and the Far East) portfolios to ESG (environmental, social, and gov-
ernance) portfolios. Investors seek sanctuary in an ESG strategy which focuses
on a company’s long-term viability (Singh 2020).

This strategic map develops an understanding of a theme which requires
immediate attention: economic analysis. COVID-19 in the context of renewable
energy lacks a focus on the economic losses endured by countries which can be
attributed to the reduction in renewable energy production during the pandemic.
As a result of this, many countries experienced setbacks in terms of economic
growth and development, with some nations in Africa, for example, suffering
more losses based on the structure of their economies, the export of certain goods,
the scope of trade and investment, the present state of public finances, the level
of rigor, and the duration of public health measures implemented. According to
the United Nations Conference on Trade and Development, the Solar PV business
employs 3.9% of Africans. These employment opportunities in East, West, and
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Central Africa can be filled by at least seven million people using a sustainable
value chain (Amir, Khan 2022).

The sector is also facing challenges such as supply chain delays, stock
market concerns, a lack of incentives, and the possibility of losing access to
government subsidies. If incentives are not matched with clean energy targets,
there will most likely be a large drop in clean energy expenditures, which will
have a domino effect. Forecasts of a wind energy catastrophe, for example, have
already begun. LM Wind Power and Siemens Gamesa in Spain have announced
their decision to cease production of wind turbine blade plants. It was reported
that the installation of 100 wind turbines in the Outer Moray Firth was halted
due to the COVID-19 outbreak, and that other aspects of the delivery phase were
also halted (Amir and Khan 2022). The identical scenario applies to the solar
business. Because of the COVID-19 pandemic, renewable energy predictions
for 2020 are down by 28%. According to reports, persons working in the solar
energy industry have been laid off or have suffered as a result of the COVID-19
pandemic (Eroglu 2021)

4. Discussion

The thematic map of the data structure and keyword co-occurrence form the
foundation for conceptualizing the framework and are derived from commonalities
revealed in the examination of the conceptual structure of the existing literature,
which are reinforced by inductive analysis (Fig. 9 on the interleaf).

Figure 9 represents inductive analysis, indicating aggregate dimensions,
themes, and concepts. COVID-19 has affected various industries but majorly
affects power industries, transportation industries, and heating-cooling plants.
Large electrical consumers, such as industries and commercial buildings, were
obliged to shut down or reduce their operations due to the restrictions. This con-
siderably alters working and living styles due to which changes in the volume,
profile, and composition of power demand distribution are observed. The shift
in load pattern has an additional impact on the electricity system’s operation
and control. Total electricity generation has decreased in tandem with demand,
with coal-fired generation bearing the brunt of the loss. Although the share of
renewable power has increased, curtailment rates have also increased. Further-
more, electricity prices in major areas have plummeted, with European electricity
markets experiencing the world’s largest price drop. The majority of investment
projects have been halted, although long-term investments in the electrical sec-
tor, as well as the eventual transition to renewables, are projected to be relatively
unaffected (Zhong et al. 2020).
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COVID-19 outbreak has had a significant impact on the solar energy business,
which is one of the most important renewable and sustainable energy sources.
The sector’s key concerns are severe employment losses, short-term difficulties for
businesses, and job disruption or delay. It has been noticed that relatively large busi-
nesses can overcome challenges quickly. The effects of the pandemic disrupt the
dynamics of the sector, which is heavily reliant on people’s transportation. In
addition, based on prior crises” recoveries, the solar energy sector is projected to
rebound quickly following the pandemic. In general, governments in the industry
are expected to provide significant incentives and take action to alleviate the back-
log (Eroglu, Ciice 2021). The outbreak has had a significant impact on interstate
travel as well as movement within and between cities. Sobieralski examined the
airline industry, discovering that major airlines” capacity had dropped by 60-80%
Employees with lesser skill levels will be affected more severely (Sobieralski 2020).
Airlines reacted differently to travel restrictions imposed by the government. The
pandemic had a tremendous influence on the cruise liner business as well.

Investments attuned to the environment, society, and governance, direct
finance, and Green New deals form an aggregate dimension of investment. Some
investors have yet to come across socially responsible investing (SRI) funds on
the market and are concerned about the absence of national support and endorse-
ment for SRI funds. Investors are more interested in SRI funds as a result of the
salience of the pandemic, adding to the idea that the general public is risk-averse
in situations of disease yet cares about the environment (social benefits and
sustainable development) (Xu et al. 2022). The prospect of a pandemic isn’t the
only issue deterring investors. Business environment, inadequate infrastructure,
natural disasters, diverse and difficult geography, and climate change are some
of the other factors to consider (Chaudhary et al. 2020). Many green initiatives
have larger short-run multipliers (they require a large initial investment), but
low operational costs, minimal climatic imprint, and hence increased long-term
sustainability. The Green New Deals being proposed in many nations should
prioritize such investments. Some of these are self-evident, such as solar power
or building retrofits. Carbon intensity provides some insight into corporate per-
formance during the epidemic, although ESG data appears to be less informative.
We suggest that financial data be used to build new indicators that can be used
to guide investors (Mukanjari, Sterner 2020).

Socio-demographics contribute towards constructing one aggregate dimen-
sion including themes such as employment, education, age, gender, health, and
healthcare. This aggregate dimension is used as a backdrop to understand the
influence of COVID 19 on another aggregate dimension.

The future of the energy system includes themes such as energy access,
the renewable energy sector and energy technology forecasting. Meanwhile,
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the future of renewable energy depends upon the seamless implementation of
technologies to produce renewable energy. There is a direct connection between
the level of technological maturity and the presence of economic barriers. An
economic barrier is present when the cost of a particular technology is higher than
the cost of competing alternative technologies, even under perfect market condi-
tions. Although they are not directly economic in nature, the remaining sorts of
obstacles are still considered to play a significant part in determining the prices
of renewable energy sources which in turn hinders the implementation process.
The significance of the obstacles varies according to both the technology and the
market, and the order of priority shifts as a product develops along the path to
commercialization. On other hand, there is a wide range of renewable energy
technologies that are currently accessible, each of which is in a different stage
of the development cycle. Both hydropower and biofuels are rapidly becoming
significant contributors to the global energy supply. Even if their technological
viability has been demonstrated and they are commercially available, other op-
tions still only cover a small portion of the markets that may be served by them.
Because of this, there are a multitude of options to enhance performance while
also lowering expenses (Ellabban et al. 2014).

Global progress, policy and political environment include themes such as
global collaboration, policy, programmes and global governance. Renewable en-
ergy policies differ widely in terms of the technologies and energy sources they
contain, as well as the policy tools used to promote them. There are required and
optional targets, various incentive programs, varied suggested renewable energy
sources, and other differences in policies such as renewable portfolio standards
(RPSs) at the state level in the United States, as well as several regional and mu-
nicipal governmental policies. These policies are samples of the numerous policy
kinds that exist (Levenda et al. 2021).

In addition, the conflict between Ukraine and Russia has had significant effects
on the global energy landscape (Trunina et al. 2022; Liao 2023). The constrained
state of the global energy market, which has been exacerbated by a variety of
supply-and-demand fluctuations, is a crucial factor exacerbating the energy crisis.
Among these are the COVID-19 pandemic and geopolitical tensions in other re-
gions (Chen et al. 2023). This combination of factors has caused a global increase
in energy costs, with some regions experiencing natural gas price peaks never
seen before (Osi¢ka, Cernoch 2022). Russia’s incursion into Ukraine in February
2022 sent shockwaves throughout Europe and exposed starkly the continent’s
geopolitical dependence (Kuzemko et al. 2022). The Russia-Ukraine conflict has
exacerbated Europe’s energy crisis by interfering with gas deliveries and height-
ening preexisting concerns about energy security. Given Russia’s significant
role as a supplier of natural gas to Europe, any disruptions to this supply chain
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have significant effects on energy costs and availability (Bricout et al. 2022). The
termination of long-term agreements for additional volumes of Russian gas has
had a substantial impact on immediate solutions to the energy crisis (Estrada,
Koutronas 2022). In the long-term, this geopolitical dynamic has eroded Europe’s
resistance to Russian energy pressures, culminating in a European energy crisis
characterized by decreased production, limited gas reserves, elevated prices,
and constrained global supplies (Kravchenko et al. 2023). However, the conflict
has served as a wake-up call, highlighting the significance of renewable energy,
particularly in Europe. The insufficiency of energy resources prompted European
businesses to reduce their reliance on Russian oil and gas, highlighting the need
to investigate alternative avenues, such as the development or acquisition of re-
newable energy (Liao 2023). Alternately, the development of energy ties between
Europe and Ukraine is motivated by distinct political interests, and the economic
dimensions of these ties are materialized by the assurance of securing additional
electricity in the event of unforeseen events (Koval et al. 2023). These geopoliti-
cal upheavals have shed additional light on Europe’s reliance on natural gas and
emphasized the need to fasten the transition to renewable energy sources (Carfora
et al. 2022). Europe has already implemented a variety of measures to reduce its
reliance on gas, including the promotion of renewable energy sources such as
wind and solar power and the improvement of energy efficiency. However, the
crisis has highlighted the need to expedite these initiatives and promote more
robust and resilient energy systems (Kravchenko et al. 2023).

Figure 10 represents a conceptual framework. This hierarchical framework
positions the healthcare sector with an emphasis on disease control as the first
tier, environmental impact as the second tier, economic impact, sustainable de-
velopment, and investments as the third tier, and finally, the top tier is occupied
by clean and affordable energy. Disease control is positioned at the lowest tier,
as the first step to achieving clean energy is controlling the pandemic at the
healthcare level. Many countries imposed extraordinary curfews and proclaimed
states of emergency. It generated fear, worry, and a climate of stress in both
developed and developing cultures. However, social anxiety and panic owing
to uncertainty, economic recessions, and excessive mental stress are a result of
its extreme isolation and lockdown tactics (Studdert et al. 2020). Within two
weeks of full vaccination, the vaccine was proven to be 94-95 percent effective
against the original strand of the COVID-19 virus. Vaccines also have a high ef-
fectiveness rate in protecting patients against the COVID-19 virus’s devastating
diseases. SDG-3 (good health and well-being) has aims, which emphasize the
importance of understanding and resolving “communicable, non-communicable,
and environmentally induced diseases,” and are particularly significant for efforts
to battle COVID-19 and other infectious diseases. With the paucity of screening
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tests, hospital beds, medical supplies, and essentials like water and toilet paper,
COVID-19 has forced many to reassess its impact on society. COVID-19 has
stressed the necessity of potential preventative actions like as facemask use, so-
cial distance, frequent handwashing, school and university closures, and further
travel limitations (Seshaiyer, McNeely 2020).

Clean and affordable energy (SDG 7) ‘
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Figure 10. Conceptual framework

COVID-19 has severe effects on the environment and, in particular, the re-
newable energy industry. Soil and water quality are negatively impacted when
individuals cleanse their hands more frequently, governments and local gov-
ernments mass disinfect, and single-use plastics containing bisphenol A (BPA)
are mass-produced. Products containing alcohol that are poured in water are
hazardous to aquatic life, and products containing alcohol that are smeared on
soil can contaminate groundwater. Detergents discharged into water create froth
in bodies of water. Soap use over an extended period of time may lead to soil
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contamination, degrading the soil’s quality (Ankit et al. 2021). The COVID-19
outbreak is also causing havoc in the worldwide renewable energy supply chain.
If incentives are not aligned with renewable energy goals, clean energy invest-
ment will almost certainly fall precipitously, causing a domino effect. The spread
of COVID-19 and the suspension of a wind power station in North Dakota are
two prime examples of the epidemic’s effects on the renewable energy industry.
Due to the COVID-19 outbreak, the installation of 100 wind turbines in the Outer
Moray Firth was halted, as were some aspects of the delivery phase. The solar
industry is in a comparable situation. As a result of the COVID-19 epidemic, solar
energy workers have reportedly been dismissed or have suffered other negative
consequences (Eroglu, 2021) . The pandemic has also exhibited a significant lack
of comprehensive disaster risk management policy at all levels of government
(Pradhan et al. 2021). Recognizing changes in energy consumption patterns,
establishing online portals, and developing post-pandemic methods for launch-
ing new projects are just a few of the numerous issues that have surfaced in the
aftermath of COVID (Elavarasan et al. 2021).

The third tier of the framework includes economic analysis, partnership, and
investment. Economies have to go through large contractions. Multiple funda-
mental factors have contributed to this economic downturn. These include direct
reductions in the available personnel resulting from fatalities and infections, as
well as the associated medical expenses. In addition, there are declines in house-
hold expenditure and corporate investment, primarily due to security measures
and heightened uncertainty. The disruption of global trade and value chains as
a result of lockdowns has also played a role, as have potential persistent effects
that impede a return to the economy’s pre-crisis state (Caracciolo et al. 2020).
According to Chudik et al., the COVID-19 pandemic could result in enduring
declines in global real GDP, with varying consequences across regions and coun-
tries (Chudik et al. 2021). While the impact on the United Kingdom and other
developed economies could be severe, it is anticipated that China and other emerg-
ing Asian economies will be relatively unaffected. In addition, it is anticipated
that the pandemic will temporarily drive long-term interest rates in advanced
core countries below their levels prior to COVID-19. Emerging regions, on the
other hand, are likely to encounter the opposite scenario, posing challenges for
managing debt service costs.

COVID-19 has ushered in the world’s biggest economic downturn since the
Great Depression, resulting in 400 million job losses in the second quarter of 2020,
and a 4.2 percent drop in GDP per capita in 2020. Contributing to the formulation
of an economic recovery plan is extremely important in this regard, especially with
a focus on the research avenues, such as performing evidence-based economic
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assessments for long- and short-term recovery planning and policy initiatives
to promote small and medium firms after COVID-19 (Ranjbari et al. 2021). By
identifying and testing the linkages between essential aspects of behavioral and
social change partnerships, global efforts are taken in terms of investment. When
it comes to managing behavioral difficulties, this research has demonstrated the
importance of trust, commitment, shared values, and teamwork (Duane et al. 2022).

All three tiers lead to the fulfilment of the common objective of clean and
affordable energy. The energy sector was directly confronted with several techni-
cal issues, including decreased energy demand and a shift in demand patterns.
It eventually had an impact on the utilities” revenue collection and caused them
to postpone development initiatives. Due to COVID-19 restrictions, a significant
portion of the workforce utilized digital technology to work from home, increas-
ing the risk of cyberattacks on networks and control systems. As energy demand
has decreased, the oil-exporting economies have become especially susceptible
to COVID-19, suffering from price declines and labour disruptions due to clo-
sures. It is generally accepted that harvesting renewable energy is the safer and
more eco-friendly option that will benefit both humanity and the environment.
According to the technological evaluation, the transportation and construction
industries have substantial opportunities to reduce emissions. The construction
of energy storage systems and the improvement of passive cooling systems are
two additional methods to reduce energy consumption. Additionally, for a com-
munity, thermal storage containers combined with renewable-based heating
could make it economically feasible to spend as a group rather than individually,
which would be environmentally beneficial. If the market for electric vehicles in
the transportation industry expands in the post-COVID era, it will accelerate the
digital revolution in a variety of disciplines, from smart infrastructure to autono-
mous vehicles. Massive expenditures and technological advancements are neces-
sary for large-scale hydrogen generation and storage in order to see a change in
pollution mitigation. Meanwhile, the emphasis should transition from hydrogen
production based on fossil fuels to ecological hydrogen production based on
renewable energy. Nonetheless, this would encourage renewable energy system
growth (Elavarasan et al. 2021).

5. Future research agendas
Figure 7 is a network diagram illustrating the co-occurrence of terms in

paper titles and abstracts, with the intent of identifying emerging themes related
to COVID-19 in the global renewable energy literature. Each node on the map
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represents a unique term and is sized based on its frequency across the eighty
documents analysed. The distance of the connections between nodes represents
the degree of association between the words. The nodes are color-coded and
divided into clusters based on their similarity, which facilitates the identification
of distinct subfields and prospective research gaps for future study.

The six major sectors highlighted are human resource management (HRM),
finance/economics, education and research, marketing, micro-level (operations),
and macro-level (destination). These thematic areas highlight topics that present
research opportunities. Understanding how the pandemic has affected renew-
able energy and post-COVID practices, particularly in terms of development, is
a focus of HRM. In the realms of finance and economics, the phase of recovery
following the pandemic elicits questions regarding the adoption of renewable
energy, investor confidence, financial mechanisms, and government interventions.
Education and research provide opportunities for shaping research agendas in the
post-pandemic environment by integrating educational technologies, investigat-
ing experiential learning approaches, and broadening the scope of the discipline
via a curriculum adapted to the post-COVID era.

6. Policy implications and concluding remarks

The global COVID-19 epidemic has had a significant impact on individuals,
communities, and nations. It is evident from the preceding discussion that eco-
nomic activities in each country have had a significant impact on the transition to
renewable energy. Policy actions taken in the energy sector during the COVID-19
epidemic have had an impact on renewable energy production and use. The im-
pacts of the COVID-19 pandemic on the energy industry have been thoroughly
studied in the literature, however the implications on renewable energy genera-
tion remain unexplored (Dong et al. 2022). Policies that can withstand severe
disruptions and protect investments in renewable energy from potential dangers
are highly desirable. The government may accelerate the renewable energy by
abandoning conventional forms of energy production. Government officials must
define authorized pandemic responses in order to establish short-term policy
goals that promote both the recovery effort and the growth of renewable energy
sources (Hoang et al. 2021). The structural ramifications of the changing energy
system, as well as the potential collateral impacts of such policy changes, should
be given special consideration (Pahle et al. 2018).

The ongoing conflict between Ukraine and Russia and the uncertainty around
natural gas supplies have significant implications for the future development of
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the European energy transition. Ukraine has historically served as a key transit
route for Russian gas supplies to Europe, and any disruption to this supply
chain can have far-reaching consequences. One of the main consequences of the
Ukraine-Russia conflict is that it has highlighted the need for Europe to diversify
its energy sources and reduce its dependence on Russian gas (Bricout et al. 2022;
Carfora et al. 2022). The Ukraine-Russia contlict serves as a reminder that Europe
must reduce its reliance on fossil fuels and accelerate the transition to greener,
more sustainable energy sources. It highlights the importance of developing
a more diverse and resilient energy system that is less vulnerable to geopolitical
risks and supply chain disruptions. The policy responses to the crisis thus far
have had varying effects on these objectives. On the one hand, there is significant
potential for the acceleration of Europe’s renewable energy supply. This could
contribute to the reduction of greenhouse gas emissions and the improvement of
air quality, which would have positive environmental and health effects. On the
other hand, there are complications for fossil fuel phase-out. The crisis has had
a significant impact on oil and gas prices, which has made it more difficult for
some countries to transition away from fossil fuels. In addition, some governments
have provided financial support to fossil fuel companies, which may slow down
the transition toward clean energy. In terms of energy equity and social justice,
the crisis has had significant implications both within and beyond Europe. The
economic impacts of the crisis have hit vulnerable populations the hardest, and
there is a risk that the transition toward clean energy could exacerbate existing
inequalities. For example, if energy prices rise because of investments in renew-
able energy, low-income households may be disproportionately affected.

Considering the pandemic scenario, research should be conducted to create
the most efficient solar cells at the lowest cost, mass produce them, and deploy
them. Potentially, solar energy production and energy storage could be combined
by using novel electrocatalysts and renewable energy, synthesizing chemicals
and fuels more efficiently, or generating electricity from a variety of fuels more
efficiently using improved fuel cells. Since electrifying vehicles can cut fossil fuel
usage (despite crude oil’s historically low price), more powerful, less expensive,
and safer Li-ion batteries are needed (Jin 2020).

The well-being and prosperity of current and future generations can be
assured through successful regulation of the use of natural resources. To ad-
dress every aspect of the problem, effective environmental policies, including
carbon-neutral policies, would necessitate the use of one (or a combination) of
the available instruments, such as direct regulation (of water quality or vehicle
emissions), public spending, and technology programs, as well as information
provision and policies to address barriers to behavior change. Furthermore, public-
private collaborations in renewable energy producing projects are critical for job
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development and economic recovery. State funding agencies and government
programs should be expedited to provide financial relief measures to enhance
the supporting factors behind renewable energy generation and restoring the
energy distribution network.

As all the studies, our study also has a few limitations. The availability and
quality of data is affected as the database used in the study is WoS and this led
us to omit papers that may be found in other sources such as Scopus. This lim-
ited data extraction may have compromised the comprehensiveness of the study
and introduced potential biases or uncertainties into the findings. The study
also suffers from limitations in terms of publications, resulting in the exclusion
of pertinent information from unpublished or non-English sources. This could
affect the overall representativeness and generalizability.

This study uses predetermined timeframes (includes studies until March
2022), therefore the swiftly evolving nature of the subject matter may result in the
omission of recent developments or studies that were not yet published during
the review period. Moreover, the methodology of the review may have certain
limitations, namely the exclusion of certain keywords during data extraction.
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Summary

The shift from traditional fossil fuel energy to cleaner, renewable energy has the potential to
help achieve long-term sustainability goals. The COVID-19 pandemic has had a significant
impact on the renewable energy sector. This study aims to provide an integrative review of the
global impacts and challenges of the COVID-19 pandemic on the renewable energy sector and
highlight the energy-related lessons and emerging opportunities by capturing the main trends
in the field. First, the integrative review identifies five themes. Second, the study identifies the
aspects of renewable energy that are influenced by the COVID-19 pandemic. Third, the study
proposes a conceptual framework highlighting the impacts and challenges of the COVID-19
pandemic on renewable energy demand and consumption patterns, and these results are further
supported by the aggregate dimensions identified through inductive analysis. The three main
energy challenges are: the healthcare sector primarily dealing with disease control; associated
environmental impacts with challenges relating to fluctuating and uncertain energy demand
and consumption, structural and pattern changes, greenhouse gas emissions, local air quality,
energy transmission infrastructure, and oil production and transmission network; associated
economic impact dealing with industrial activities including households, agriculture, public and
commercial sector, energy import/ export, sales revenue and expenditure, social sector factors,
funding schemes, and subsidies, technology R&D, and overall economic welfare. The study also
makes theoretical and practical propositions for researchers and policymakers.
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