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Abstract: The outbreak of coronavirus disease 2019 (COVID-19) has had a considerable impact on every industrial sector. As a 
pillar of economic development, the energy sector is experiencing difficult times during the global pandemic. This paper reviews 
the impact of the pandemic on the global energy sector in terms of demand, price, employment, government policy, counter-
measures, and academic research, and focuses on the two largest energy countries in the world: China and the United States. 
Although the virus has dramatically impacted the energy sector, action to address climate issues has not been suspended, but has 
become more urgent than ever. Experts have pointed out that it is time to promote the transition to clean energy vigorously. Thus, 
here we discuss progress towards clean energy transition, including bioenergy, mineral resources for clean energy techniques, 
batteries, and electrolyzers. The results indicate that supply chain stability, energy storage, and policymaking during the epidemic 
period and post-epidemic period are significant challenges for the transition to clean energy. However, the transition can also bring 
new opportunities for employment, economic recovery, and the human living environment. 
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1  Introduction 
 
At the beginning of 2020, the 2019 coronavirus 

disease (COVID-19) broke out on a global scale. It 
killed many people and had a significant impact on 
the global economy. According to the COVID-19 
statistical system developed by Johns Hopkins Uni-
versity (JHU), as of June 28, 2021, there were 
181 102 393 infections worldwide and 3 923 132 
deaths. The United States, India, and Brazil are the 

three countries with the highest number of infections 
and deaths in the world. Many countries have issued 
restrictions to slow down the spread of the virus, such 
as the closure of educational institutions, partial or 
full lockdowns, and working from home. In this 
context, transportation, catering, entertainment, 
medical care, manufacturing, real estate, and other 
aspects have been adversely affected. As a result, 
more than half of the global population has been 
greatly affected by containment measures (IEA, 
2020). It is not hard to imagine that, as a pillar of the 
global economy, the energy sector has suffered a lot. 

Many scholars have discussed and analyzed the 
impact of COVID-19 on energy and the environment. 
Zhang LY et al. (2021) determined the current research 
hotspots of COVID-19 in the energy field through 
bibliometric analysis, including energy consumption, 

Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering) 

ISSN 1673-565X (Print); ISSN 1862-1775 (Online) 

www.jzus.zju.edu.cn; link.springer.com 

E-mail: jzus_a@zju.edu.cn 

 
 

* Project supported by the National Natural Science Foundation of 
China (No. 71901184) and the Fundamental Research Funds for the 
Central Universities, China 

 ORCID: Hong-fang LU, https://orcid.org/0000-0002-5172-9008; 
Xin MA, https://orcid.org/0000-0001-7847-911X; Min-da MA, 
https://orcid.org/0000-0002-5533-656X 
© Zhejiang University Press 2021 

Review: 



Lu et al. / J Zhejiang Univ-Sci A (Appl Phys & Eng)   2021 22(12):941-956 942

energy markets, renewable energy, climate, and en-
ergy policy. They pointed out that regression analysis 
and scenario analysis are common methods of quan-
titative and qualitative research. Kang et al. (2021) 
analyzed the changes in energy consumption of dif-
ferent types of buildings in South Korea under the 
influence of COVID-19. Wang et al. (2021) analyzed 
the impact of the epidemic on energy consumption in 
China. Zhang XX et al. (2021) investigated the impact 
of the epidemic on the energy consumption and car-
bon emissions of China’s transportation industry and 
concluded that the impact was far greater than that of 
Severe Acute Respiratory Syndrome (SARS). Hoang 
et al. (2021) studied the impact of the epidemic on the 
global energy system and analyzed the opportunities 
and challenges of transitioning to renewable energy. 
Yousaf (2021) explored the transmission of risk from 
the epidemic to the metals and energy markets. The 
results showed that the risk of the epidemic will not 
be transmitted to the industrial metals market, but it 
will have a great impact on the volatility of the West 
Texas Intermediate (WTI) oil market. Al-Saidi and 
Hussein (2021) evaluated the significance of the ep-
idemic in the water-energy-food nexus. Research 
revealed that medicalization and demand fluctuations 
are key influences, and that the World Economic 
Forum lacks risk-based analysis. Szczygielski et al. 
(2021) studied the impact of epidemic-related uncer-
tainty on energy stocks and proposed a new method 
for measuring the overall impact of uncertainty. Cor-
tiços and Duarte (2021) explored the impact of the 
epidemic on the energy efficiency of high-rise office 
buildings in the United States. Jiang et al. (2021) 
studied the impact of the epidemic on energy demand 
and consumption, and highlighted future challenges, 
lessons, and opportunities. In addition, many scholars 
have analyzed the impact of the epidemic in other 
fields (Amir and Khan, 2021; Deshwal et al., 2021; 
Haqiqi and Horeh, 2021; Narasimha et al., 2021). 
However, previous studies did not discuss other key 
subsidiary issues of the energy industry, such as bat-
teries and mineral resources used in clean energy. 

Thus, the motivations for this study were: 
1. To estimate the impact of COVID-19 on the 

energy sector; 
2. To describe COVID-19 countermeasures and 

policies made by China and the United States; 
3. To provide research managers with some ref-

erences by discussing future opportunities and  
challenges. 

The primary contributions of this paper are: 
1. Changes in the global energy sector, espe-

cially in China and the United States, are described 
from different aspects; 

2. Research focusing on COVID-19 in the en-
ergy field is summarized; 

3. The future development focus, opportunities, 
and challenges of the energy sector are summarized. 

The innovation of this paper is that we discuss 
some problems ignored in other papers, such as the 
impact of COVID-19 on unemployment, bioenergy, 
mineral resources needed for clean energy technology, 
and the production of batteries and electrolyzers. The 
opportunities, challenges, and lessons presented can 
guide managers to make better decisions and promote 
the development of clean energy. 
 
 
2  Methodology 
 

This study was developed based on academic 
databases and online resources. The selection of lit-
erature was divided into three steps: 

Step 1: Literature search 
Academic and general searches were used to 

collect relevant information. ScienceDirect and 
Google Scholar were used as academic search tools, 
and Google and Bing as general search tools. Since 
the theme of this paper is the impact of COVID-19 on 
the energy sector, “COVID” and “energy” were de-
termined to be key words. 

Step 2: Literature screening 
In the search results, some publications men-

tioned “COVID-19” and “energy”, or simply men-
tioned the influence of COVID-19 on the energy 
sector. However, the main content of some studies 
was not consistent with the subject of our search. In 
addition, the source of some literature was vague, and 
authenticity could not be confirmed. Thus, it was 
necessary to screen the literature by reading abstracts 
and conclusions. The following principles were  
applied: 

1. The main content of the resource is the in-
fluence of COVID-19 on the energy sector. 

2. The types of resources are limited to academic 
papers, reports, and forums. Academic papers should 
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have been peer-reviewed; reports should come from 
well-known institutions or enterprises; forum content 
should come from well-known publishing houses. 

3. Data have reliable sources, and non-first- 
hand data will not be used. 

Finally, 53 resources were selected. Among 
them, academic papers were from ScienceDirect, 
Nature Press, etc.; reports were from the International 
Energy Agency (IEA), International Renewable En-
ergy Agency (IRENA), BW Research Partnership, 
etc.; forum content was from IEA, Solar Power World, 
the Canadian Press, etc. 

Step 3: Required information extraction 
Extract valuable information and data from se-

lected resources through careful reading. 
 
 
3  Review findings 
 

The literature review showed that the impact of 
COVID-19 on the global energy sector could be de-
scribed in terms of the following six aspects: energy 
demand, energy price, employment, energy policy, 
countermeasures, and academic research. To help 
managers make more targeted policies, this paper 
focuses on the two largest energy countries: China 
and the United States. 

3.1  Renewables increased while demand for other 
energy sources declined 

According to statistics from the IEA (2020), 
global energy demand in the first quarter of 2020 
(2020 Q1) decreased by 3.8% (150 mtoe) compared 
with the same period in 2019 due to reductions of 
economic activity and traffic caused by lockdowns 
(mtoe: million tons of oil equivalent). Based on the 
analysis from IEA, global energy demand will have 
dropped by 6% in 2020. If the economy is re-started 
and the virus’s spread is effectively contained, the 
energy demand drop will be controlled at 4%. How-
ever, restarting the economy is difficult because it 
may lead to a second large-scale outbreak of the virus 
and have a more negative impact on the energy sector. 
In 2020 Q1, the consumption of various energy 
sources changed to variable degrees compared to 
2019 Q1. The rate of change, causes, and countries (or 
regions) that were most affected are shown in Table 1. 
The IEA forecast the rate of change in energy demand 
in 2020 compared to 2019. The decline in oil demand 

was forecast to be the largest, reaching 9%; the fore-
cast declines in natural gas and electricity were the 
same, reaching 5%; the forecast growth rate of re-
newable energy was 1%. Such a reduction in energy 
consumption has not been seen in 70 years, and was 
more than that caused by the financial crisis in 2008. 

The IEA predicted the energy demands of some 
major countries and regions around the world. Fig. 1a 
reveals that after China imposed a lockdown at the 
end of January 2020, it became the country with the 
largest drop in crude oil demand in February and 
March, easing in April. After the lockdown in the 
United States in March, crude oil demand dropped 
significantly. This will have led to a substantial de-
cline from April to June, easing in July. Demand for 
crude oil in the rest of the world was expected to 
decline significantly from March to July, easing in 
August. Fig. 1b indicates that global electricity de-
mand in 2018 increased, whereas in 2019 only Chi-
na’s electricity demand increased. In 2020, due to the 
impact of the pandemic, global electricity demand 
was forecast to decrease, and the rate of decline in 
electricity demand in the United States was expected 
to be higher than that in China. Fig. 1c implies that 
global natural gas demand fell slightly in 2020 Q1, 
and annual demand was expected to drop by about 5%. 
China’s natural gas demand rose in 2020 Q1 and was 
expected to rise by about 6% throughout the year. The 
decline in natural gas demand in 2020 Q1 in the 
United States was expected to be slightly higher than 
the rate of decline for the whole year. Fig. 1d shows 
that the demand for renewables increased in 2020 Q1 
and was expected to show a slight increase throughout 
the year, and its share of power generation was fore-
cast to increase. 

The IEA also conducted a regional study show-
ing the relationship between the degree of lockdown 
and the decline in energy demand. It revealed that the 
degree of restriction was different in different coun-
tries or regions around the world, and the restriction 
conditions were not uniform. China was the first 
country to have a pandemic, and the severity in each 
province differed, so the degree of lockdown differed. 
The restrictions in Hubei Province (the province in 
which Wuhan is located) were the strictest. The 
United States adopted a partial lockdown after the 
outbreak, but there was no mandatory requirement for 
isolation at home. Oxford University, UK developed a 
government response stringency index to measure 



Lu et al. / J Zhejiang Univ-Sci A (Appl Phys & Eng)   2021 22(12):941-956 944

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Energy demand changes and reasons in the first quarter of 2020 (data source: IEA (2020)) 

Energy  
type 

Change 
compared to 

2019 Q1 
Reason Remark Impact on China 

Impact on the 
United States 

Oil −5% 1. Decline in the vehicle 
(decreased by 50%) and 
aviation (decreased by 
60%) usage; 

2. Decline in car sales 

Gasoline is the oil product with the 
most significant drop in demand 

The decline of Q1 
reached 13% 

The reduction of 
Q1 reached 0.8 
million barrels 
per day 

Natural gas −2% 1. Demand for electricity 
is lower than before 

The consumption of natural gas in 
power generation decreased by 7%, 
with the highest proportion of the 
decline 

Flat The decline of Q1 
reached 3% 

Coal −8% 1. Demand for electricity 
is lower than before; 

2. The competitiveness is 
not as good as natural 
gas 

China’s coal consumption trend may 
change global coal development. 
The outlook for coal depends on 
electricity demand, and it has the 
highest level of uncertainty in the 
development of all fuels 

The decline of Q1 
reached 8% 

The decline of Q1 
reached 30% 

Electricity −2.5% 1. The reduction of in-
dustrial production and 
economic activity; 

2. The average tempera-
ture in the first quarter 
of 2020 is higher than 
that in 2019 

Electricity demand is mainly driven 
by residential demand. It has the 
greatest impact on the service sec-
tor and the smallest impact on in-
dustrial production 

The decline of Q1 
reached 6.5%, 
the highest in 
the world 

The decline of Q1 
reached 4.5% 

Renewables 1.5% 1. Additional output from 
new wind and solar 
projects 

Although COVID-19 has resulted in 
delays in construction and supply 
chain, renewable energy generation 
has increased by 5%. The growth 
rate of renewable power generation 
capacity is likely to decline in 2020

The proportion of 
electricity gen-
erated by re-
newable energy 
has increased 

The proportion of 
electricity gen-
erated by re-
newable energy 
has increased 
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Fig. 1  Changes in energy demand in some countries or regions (data source: IEA (2020)): (a) oil; (b) electricity; (c) natural
gas; (d) renewables 
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governments’ responses to COVID-19 (Fig. 2). This 
index considers nine factors, including school closures 
and travel bans (Petherick et al., 2021). It can be in-
ferred from the IEA’s report that the stricter the lock-
down, the more the weekly energy demand declined. 
Although China, with a high level of lockdown, had a 
high rate of decline in its weekly energy demand 
(15%), the annual energy demand decline may be 
lower due to timely control of the pandemic. Accord-
ing to IEA’s forecast, China’s energy demand was 
expected to have dropped by 4% in 2020, while the 
United States’ demand was expected to drop by 9%. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3.2  Oil prices declined most 

Energy prices change due to changes in energy 
supply and demand. Since the outbreak of the pan-
demic, crude oil prices have continued to decline, and 
for the first time in history, there was a negative value, 
with the lowest price of −40.32 USD per barrel 
(Fig. 3a). This is because the demand for crude oil 
was so low that the oil storage facilities were almost 
full, and the market crashed. Due to the correlation 
between coal prices and crude oil prices, coal prices 
continued to decline, but rebounded early in April 
2020. This was because China is a large coal con-
sumer and it restarted the economies of some prov-
inces early in April, leading to rising coal demand. 
Overall, the decline in coal prices was lower than that 
in crude oil, and short-lived. The price of natural gas 
was minimally affected by the pandemic and fluctu-
ated in 2020 Q1, with a slight decrease overall. Due to  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the reduction in economic activity during the pan-
demic, the consumption and price of electricity re-
duced. In 2020 Q1, electricity prices generally 
showed a downward trend because of the increased 
intensity of the lockdown. Taking the United States as 
an example, the average electricity price in February 
2020 was lower than that in the same month in 2019. 
However, the average residential electricity price in 
February was higher than that in February 2019. This 
may have been because of an increase in residential 
electricity consumption due to home isolation. 
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Fig. 2  Government response stringency index after the
COVID-19 outbreak in China and the United States
(source: University of Oxford (2020)) 

Fig. 3  Energy prices during the outbreak. (a) oil price
(WTI); (b) coal price (United States); (c) natural gas price
(Henry Hub); (d) electricity price (PJM) 
Btu: British thermal unit; PJM: PJM Interconnection. PJM is a
regional transmission organization (RTO) that coordinates the
movement of wholesale electricity in all or parts of 13 states
and the District of Columbia 
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3.3  Unemployment continued to grow 
 
Due to restrictions, some energy companies shut 

down. This led directly to lower corporate profits 
which, coupled with lower energy prices, resulted in 
some energy companies implementing layoffs to save 
money. A report from the BW Research Partnership 
shows that in April 2020, the clean energy industry in 
the United States lost 447 200 jobs, and the em-
ployment rate fell by 17% (Jordan, 2020a), which was 
much higher than the 3.1% fall in March (Jordan, 
2020b). Among the states, Hawaii had the highest 
unemployment rate (6.4%) in March 2020 (Fig. 4a) 
and Georgia had the highest unemployment rate 
(29.9%) in April 2020 (Fig. 4b). These data indicate 
that the unemployment rate in the United States in 
April was much higher than in March. 

Fig. 5 reveals that 65%–70% of total clean en-
ergy unemployment was in the energy efficiency 
sector, the highest of all sectors. However, these data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

are only initial estimates, and do not include under-
employed workers or those on temporary leave. The 
BW Research Partnership also estimated that in the 
United States clean energy sector would lose 850 000 
jobs by 2020 Q2 without policy countermeasures 
(Jordan, 2020a). Although the United States gov-
ernment introduced the “Coronavirus Aid, Relief, and 
Economic Security Act” (CARES) (U.S. Department 
of the Treasury, 2020), unemployment in the clean 
energy sector was not included in the subsidy. 
Therefore, experts estimated that the clean energy 
sector might not be able to recover in the short term. 
From the perspective of China, although there are no 
specific data showing the unemployment rate in the 
energy sector during the pandemic, based on macro 
data, the urban unemployment rate in China in Feb-
ruary, March, and April 2020 was 6.2%, 5.9%, and 
6.0%, respectively. These rates are similar to those 
during the SARS outbreak in 2003 and the financial 
crisis in 2008 (Cheng, 2020). In China, after the out-
break was contained in April 2020 and the economy 
partially restarted, some energy companies recruited 
new employees. To fulfill social responsibilities, 
some large state-owned energy enterprises also  
increased their recruitment. It is reported that  

Fig. 4  Unemployment rates in the United States: (a) March
2020; (b) April 2020 

(a) 

(b) 

Fig. 5  Unemployment structures of the clean energy sector
in the United States: (a) March 2020; (b) April 2020 
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PetroChina, Sinopec, and China National Offshore 
Oil Corporation (CNOOC) increased their total 
workforce by 6500 jobs in 2020. It can be inferred 
from the above data that although the employment 
rate of China’s energy industry was greatly affected 
by the pandemic, with active cooperation between the 
government and business enterprises, the impact of 
COVID-19 on employment will not last long. 

Although employment in the energy industry 
was hit badly, there was one exception. The energy 
storage industry may not have been as severely af-
fected by the pandemic as the clean energy industry 
due to the reduction of overall energy consumption 
and the increase in demand for energy storage. Ac-
cording to a survey conducted by the Energy Storage 
Association, 63% of respondents expected their in-
come to drop due to delayed approval, difficulty in 
obtaining equipment and materials, and cancellation 
of customer orders. Moreover, 25% of respondents 
hoped to reduce their labor force, with the highest 
reduction rate of 20%. Many respondents believed 
that despite the enormous economic losses they were 
facing, they still wanted to retain their employees for 
the business recovery (Pickerel, 2020). 

3.4  Government policies focused on energy  
security 

The energy policy issued by each government is 
mainly to provide a reliable energy supply to the 
people. In the context of COVID-19, countries have 
issued corresponding policies to respond to the pan-
demic. At present, various countries have formulated 
short-term policies for the pandemic, and the main 
target is customers (Qarnain et al., 2021). Both 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

China (Huang et al., 2020) and the United States 
(KSLA, 2020) have adopted policies that allow late 
payment without interrupting service. China has also 
reduced electricity prices, which can help some 
households and businesses to overcome difficulties 
while ensuring security of electricity supply. Around 
the world, most countries have adopted an uninter-
rupted electricity supply policy to ensure people’s 
livelihoods (Qarnain et al., 2021), especially Indone-
sia, which has adopted a policy of free electricity for 
the poor (Harsano, 2020). 

On the issue of energy development, the Chinese 
government introduced policies such as clean energy 
subsidies, material procurement, and financial sup-
port to help the energy industry to overcome various 
difficulties (Table 2). The focus was on power supply, 
supply chain, and energy storage in terms of pan-
demic prevention and control. The United States 
government also issued related energy development 
policies after the outbreak. The focus of the policies 
was to ensure the reliable supply of electricity during 
the pandemic. Thus, energy infrastructure, such as the 
power grid received special assistance. Moreover, the 
Federal Energy Regulatory Commission specifically 
proposed to give the highest priority to the processing 
of relevant documents to ensure the reliable operation 
of energy infrastructure. It can be implied from the 
comparison that the Chinese government has made a 
rapid response and formulated relevant policies in 
response to the impact of COVID-19 on energy, es-
pecially the clean energy industry. However, the en-
ergy industry support provided by the United States 
government was limited to the aspect of energy se-
curity. It seems that the corresponding support for  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  China’s energy policy in response to the outbreak (IN-EN.com, 2020) 

Subject Policy content or objective 
Energy storage Establish energy storage standard system 
Renewable energy generation Reasonably determine the scale of new subsidy projects and optimize the subsidy 

payment process 
Wind energy, photovoltaic Provide subsidy and enough preparation time 
Energy-related material procurement Take pandemic prevention and control as the main objective, establish green 

channels for procurement, optimize approval procedures, and ensure pro-
curement quality 

Power security Ensure the power supply service during the pandemic, ensure the power grid’s 
safe operation, ensure the reliable supply of power to users, and properly han-
dle the power production emergencies 

Financial support for energy  
enterprises 

Provide preferential financial services and credit support for enterprises greatly 
affected by the pandemic, and increase the medium- and long-term loan 
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traditional industries or clean energy was insufficient, 
leading to some companies applying for bankruptcy, 
such as Whiting Petroleum, Yuma, Ultra Petroleum, 
and Freedom Oil, and Gas. The unemployment relief 
mentioned in Section 3.3 also reflects this view. 

3.5  Countermeasures taken against COVID-19 

During the outbreak, a reliable energy supply 
was critical to ensure the normal functioning of peo-
ple’s lives. Therefore, some management and coun-
termeasures were essential. According to a survey, 
most energy companies responded quickly in the early 
stages of the outbreak. Their responses were focused 
on employees, production, and society. Table 3 lists 
the global responses to COVID-19 in the fields of 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nuclear energy, oil and gas, and renewable energy. 
Among the various energy industries, the oil and gas 
sector actions were outstanding because they had a 
broader customer base, gave thoughtful consideration 
to ensure the health of their employees, and made 
great contributions to customers and communities. 
Table 4 lists the specific countermeasures of some 
well-known oil and gas enterprises during the out-
break, including Sinopec in China, and Chevron and 
ExxonMobil in the United States. Oil and gas enter-
prises made good use of production advantages dur-
ing the pandemic, for example, by increasing or 
modifying production lines to produce numerous 
pandemic prevention supplies or raw materials. 

From the national government level, many  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3  Countermeasures of the pandemic in some energy fields 

Sector Response Content 

Nuclear (Pombo-van 
Zyl, 2020) 

Employee 1. Social distancing measures: remote work, shift system, cancel unnecessary 
business trips, ensure food safety, and exclusive means of transportation 

Production 1. Stop or reduce uranium mining; 
2. Replace the main components of the reactor, reduce tasks, reschedule; 

tasks, and reduce power output; 
3. Reduce or stop construction; 
4. Close the waste treatment plant 

Society 1. Help with medical supplies and technology 

Oil and gas (University 
of Houston Energy 
Fellows, 2020) 

Employee 1. Strengthen communication between the company and employees; 
2. Social distancing measures; 
3. Pay attention to the challenges encountered by female employees 

Production 1. Reduce tasks; 
2. Reduce or stop construction 

Society 1. Donate; 
2. Manufacturing medical products 

Renewables (IRENA, 
2020a) 

Employee 1. Revise labor and education policies; 
2. Social distancing measures 

Production 1. Delay project delivery deadline 

Society 1. Provide reliable energy for people’s lives 

Table 4  Countermeasures taken by Sinopec, Chevron, and ExxonMobil during the outbreak 

Aspect Sinopec (Aikman and Chan, 2020) Chevron Corporation (2020) ExxonMobil (2020) 

For  
employee 

Provide guidance; more rigorous 
thermography; scheduling opti-
mization; provide hygiene 
products; remote work 

Provide guidance; more frequent 
cleaning of the workplace; ad-
just the layout to maintain so-
cial distance; return to work in 
batches; more rigorous  
thermography 

Restrict business travel; provide 
guidance; telework; more fre-
quent cleaning of the workplace; 
adjust the layout to maintain so-
cial distance; provide hygiene 
products 

For  
customer 

More frequent gas station cleaning; 
require customers to wear masks

More frequent gas station  
cleaning 

More frequent gas station cleaning; 
mobile payment 

For  
community 

Donate medical supplies, money, 
and raw materials for medical 
supplies; free gas supply to the 
severely affected areas; produce 
medical materials and raw  
materials 

Donate medical supplies, money, 
raw materials for medical sup-
plies, and food; gasoline price 
discount; produce medical 
materials and raw materials 

Donate medical supplies, money, 
raw materials for medical sup-
plies, fuel, and food; produce 
medical materials and raw ma-
terials 
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countries required citizens to be vaccinated in 2021, 
so that people’s lives and economic activities could 
return to normal more quickly. As of June 28, 2021, a 
total of 2.9 billion doses of vaccines have been given 
worldwide. China has administered more than one 
billion doses, and the United States more than 300 
million. 

3.6  Academic research focused on energy policy 

Since the outbreak of COVID-19, some scholars 
have also responded. Although there was not much 
related research, it still provided inspiration and di-
rection for further academic research. Qarnain et al. 
(2021) reviewed the actions taken by G20 member 
countries in response to energy consumption during 
the pandemic. They summarized the policy content 
and made 11 relevant policy recommendations 
(Fig. 6). The main recommendations included that the 
energy sector should ensure a stable supply of energy 
and grant subsidies to companies that had suffered 
losses due to the lockdown. Klemeš et al. (2020) put 
forward the concept of a plastic waste footprint (PWF) 
in response to the use of massive amounts of plastic 
products during the period of COVID-19, to facilitate 
subsequent waste treatment. They proposed that the 
main waste management challenges after the outbreak 
included waste classification and treatment. Besides, 
they pointed out six research directions for the future 
(Fig. 7). Steffen et al. (2020) put forward challenges 
and suggestions for the clean energy transition in the 
short-, medium-, and long-term to help energy policy- 
makers make more reasonable policy plans during the 
epidemic period and post-epidemic period. Smith 
(2020) pointed out the problems and challenges that 
may be encountered in the energy industry’s public 
service. These problems can provide references for 
managers. Mastropietro et al. (2020) analyzed the 
energy poverty problem in Italy and Spain in detail 
and gave ideas and policy suggestions to solve the 
problem. Graff and Carley (2020) discussed the con-
tradiction between low-income people and the con-
tinuous supply of energy. Although it is necessary to 
ensure the energy security of low-income people, 
many people cannot pay their energy bills on time. 
They gave specific data on energy insecurity in the 
United States and made corresponding policy rec-
ommendations. Broto and Kirshner (2020) analyzed 
the energy needs in daily life, medical services, and 

the supply chain and concluded that energy was 
needed to maintain health during the outbreak.  
Forero-García et al. (2020) discussed the ener-
gy-saving strategies of people at home during the 
outbreak and put forward relevant suggestions. From 
the above research, it can be concluded that recent 
research focused on the formulation of relevant en-
ergy policies during and after COVID-19. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
4  Clean energy transition 

 
While responding to the pandemic, how to re-

vive the energy system has become a top priority. 
Changes in various energy demands during the pan-
demic revealed that renewable energy was the most  

Fig. 6  Policy suggestions for the electricity sector proposed
by Qarnain et al. (2021) 

Fig. 7  Six research directions of plastic waste management
proposed by Klemeš et al. (2020) 
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resilient energy source after the lockdown. Experts 
pointed out that it is difficult to carry out energy 
transition at this time. However, this situation is also 
an opportunity for the energy sector (IRENA, 2020b). 
Fig. 8 indicates that, after the pandemic outbreak, the 
proportion of renewable energy in power generation 
increased in China and the United States. The pro-
portion of renewable energy power generation in-
creased by about 15% in China, and by about 8% in 
the United States. According to EIA (2020)’s outlook, 
renewable energy production will rank third by 2030, 
and will be the fastest growing source of power gen-
eration by 2050. The focus of the energy transition is 
on clean energy, and its goal is to reduce carbon 
emissions. Under the influence of the pandemic, alt-
hough carbon emissions in 2020 Q1 were greatly 
reduced (by 5% compared to 2019 Q1) (IEA, 2020), 
experts pointed out that this might not be sustained 
(Jørgensen and Birol, 2020). Based on the experience 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

of the 2008 financial crisis, carbon emissions in 2009 
were reduced by 400 Mt, but carbon emissions in 
2010 rebounded by 1.7 Gt (Birol, 2020). Only by 
achieving a clean energy transition can the structural 
reduction of carbon emissions be truly achieved. The 
development focus, challenges, opportunities, and 
relevant suggestions for clean energy transition are 
discussed in this section. 

4.1  Development focus 

4.1.1  Bioenergy 

Bioenergy is a renewable energy that is often 
overlooked and is commonly used for transportation 
fuels (Berkenwald and le Feuvre, 2020). Although 
bioenergy accounts for a relatively small proportion 
of renewable energy and is far behind wind and 
photovoltaic, it is still a part that cannot be ignored. 
Europe is the world’s largest market for bioenergy, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8  Electricity mix of China and the United States in the first quarter of 2020: (a) weekly data (data source: IEA (2020)); 
(b) average values 
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followed by the United States (EEA, 2018). Accord-
ing to statistics, in 2017, the United States has estab-
lished more than 450 biomass power plants with a 
total installed capacity of more than 13 GW. The 
United States is the world leader in biomass power 
generation technology and a major producer and 
consumer of ethanol. In 2017, ethanol production in 
the United States ranked first in the world, and ex-
ceeded that of all other countries combined. China’s 
bioenergy technology started late, but it has devel-
oped rapidly in recent years. From the installed ca-
pacity of 1.40 GW in 2006 to 14.88 GW in 2017, and 
it is expected to reach 30 GW by 2030. China’s bio-
energy is mainly derived from agricultural residues, 
forestry residues, and garden waste (Fernandez, 2021). 
At present, the Chinese government is trying to de-
velop bioenergy without competing with edible crops. 
Therefore, data collection and supply chain man-
agement have become necessary in the short- and 
medium-term. 

Bioenergy is also a source of rural economy and 
employment. According to statistics, in 2018, bioen-
ergy directly or indirectly provided 3.18 million jobs 
worldwide, including 2 million in biofuels. The liquid 
biofuel sector provided 311 000 jobs to the United 
States. The solid biofuel sector provided 186 000 jobs 
to China, and 79 000 jobs to the United States. 
Therefore, in the post-epidemic period, bioenergy 
will play a more critical role in the environment and 
economy (Voegele, 2019). 

4.1.2  Mineral resources for clean energy techniques 

Mineral resources are critical raw materials in 
many clean energy technologies that are widely used, 
such as electric vehicles, wind turbines, and solar 
panels. According to rough statistics, clean energy 
technology usually requires more mineral resources 
than traditional fossil fuel technology. For example, 
onshore wind power plants require eight times more 
mineral resources than gas power plants with the 
same capacity. With the rapid deployment of clean 
energy technologies, the demand for mineral re-
sources has increased significantly, and prices have 
also increased. Thus, the stability of the supply chain 
of mineral resources is vital in the energy transition 
(Kim and Karpinski, 2020). 

Due to the lockdown caused by COVID-19, the 
mining industry was halted on a large scale. For ex-

ample, Peru, which accounts for 12% of the world’s 
copper mines, has stopped mining operations due to 
the pandemic, and mines in South Africa have been 
required by the government to reduce production 
operations. As global demand has fallen, the prices of 
many mineral resources have also decreased. How-
ever, driven by the energy transition, the demand and 
prices of mineral resources will rise after resuming 
work. Thus, the mineral resource supply chain’s sta-
bility has caused the relevant departments to be alert 
because long-term stable supply is not inevitable. 

4.1.3  Battery and electrolyzer 

In clean energy technology, batteries and  
hydrogen-producing electrolyzers play an essential 
role in economic stimulus (Gül et al., 2020). They are 
all small and modular technologies, suitable for mass 
production. Since many countries have introduced 
relevant policies to encourage the use of electric ve-
hicles, the price of lithium-ion batteries has also been 
reduced. At present, lithium-ion batteries have gained 
more opportunities in renewable energy systems. In 
addition to the transportation field, they are also 
widely used in integrated power systems (Fig. 9a). 
The electrolyzer is a low-carbon hydrogen production 
equipment. Due to its high cleanliness, it is often used 
in industries where emission reduction is difficult, 
such as aviation and chemical industries (Fig. 9b). Its 
advantage is that it can be easily deployed in various 
fields. 

According to the goals set by various countries, 
the global annual output of electric vehicles will reach 
1500 GW·h by 2030. Despite the crisis of COVID-19, 
this goal has not changed, but it has given a greater 
driving force. China is a leader in battery production, 
with 70% of production capacity, followed by the 
United States with 13%. Although COVID-19 has 
affected production centers in Hubei, Guangdong, 
and Hunan Provinces, as these provinces have grad-
ually resumed work, manufacturing capacity has 
gradually recovered. Europe is the leading producer 
of electrolyzers. Although production is still in its 
early stages, production capacity is rapidly expanding. 
The number of factories producing electrolyzers has 
increased significantly in recent years, and the pro-
duction capacity is expanding rapidly. According to 
statistics, the average capacity of the electrolyzer 
projects reached 0.64 MW from 2015 to 2019, while 
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the average capacity from 2005 to 2009 was only 
0.16 MW. In the next few years, large manufacturing 
plants in countries such as Norway, Canada, and Ja-
pan will be completed and put into production. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IEA analysis shows that clean energy technolo-

gies and products need to be combined to decarbonize 
the economy. There is no doubt that electric vehicles 
will be the most prominent manifestation of the use of 
battery technology. The cost of batteries accounts for 
about 40% of the total cost, which will bring huge 
benefits. Moreover, the deployment of large-scale 
stationary batteries will make the development of 
solar power and wind power projects more rapid. 

4.2  Challenges 

The negative impact of lockdown is already ev-
ident. In the clean energy field, due to labor shortages, 
the delivery of materials, and the installation of new 
energy facilities have been delayed. Due to the clo-
sure of some government agencies, some inspection 
agencies are unable to approve the license, so even if 

the construction is completed, it cannot be put into 
production. As a result of these uncertainties, it will 
also cause cash flow problems in some supporting 
businesses and even lead to some investors’ insuffi-
cient confidence, thus reducing or withdrawing in-
vestment. Therefore, the stability of the supply chain 
is the biggest challenge in the context of COVID-19. 
The problem of energy supply and demand balance 
caused by the pandemic is also apparent. During the 
lockdown, the problem of oversupply became more 
prominent. At this time, how to store energy is crucial 
and challenging, especially for the power industry. 

For clean energy, there have been supply chain 
problems for a long time. Driven by COVID-19, these 
problems have become more serious. Section 4.1.2 
has mentioned that some mineral resources are the 
necessities of clean energy technology. However, due 
to the uneven distribution of mineral resources on the 
earth, there are some geopolitical issues, as shown in 
Table 5. Although the demand for mineral resources is 
currently reduced due to the pandemic, the demand 
for mineral resources in the post-epidemic period may 
rebound significantly driven by the clean energy 
transition, and the problem of imbalanced supply may 
occur in the next few years. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The manufacturing of clean energy equipment 

has a problem with excessive dependence. For exam-
ple, Europe and the United States and other countries 

Table 5  Challenges of several primary mineral resources 
(Kim and Karpinski, 2020) 

Mineral 
resource

Challenge 
Proportion of pro-

duction in the world 
(top 2) 

Cobalt 1. Its supply is greatly af-
fected by the nickel and 
copper markets; 

2. Geopolitical restrictions 
are large, and dependence 
on a single country is high 

1. Democratic Re-
public of the 
Congo: 71.4%; 

2. Russia: 4.4% 

Nickel 1. Geopolitical restrictions 
are large, and supply se-
curity cannot be  
guaranteed; 

2. New investment does not 
match expected demand 

1. Indonesia: 
29.6%; 

2. Philippines: 
15.6% 

Copper 1. Depletion of reserves 1. Chile: 27.6%; 
2. Peru: 12.3% 

Rare 
earths 

1. Geopolitical restrictions 
are large; 

2. Environment pollution in 
the process is great 

1. China: 62.9%; 
2. United States: 

12.4% 

Fig. 9  Application scenarios of batteries (a) and electro-
lyzers (b) 

(a) 

(b) 
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rely too much on batteries and solar photovoltaic 
modules from China. Some major Chinese companies 
provide more than 50% of the supply of solar pho-
tovoltaic equipment; China and Europe provide about 
60% of the global supply of wind energy equipment. 

For governments of all countries, they are now 
facing tremendous pressure. It is challenging for them 
to accurately assess its impact on the energy sector 
due to the uncertainty of COVID-19. From the per-
spective of clean energy companies and investors, the 
government’s policy is the primary consideration of 
their decision-making. It has been reported that the 
behavior of governments is unpredictable. Steffen et 
al. (2020) put forward that the government can for-
mulate policies in the short-, medium-, and long-term. 
In short-term policy-making, it is difficult to deter-
mine the policy priority that can permanently affect 
energy transition; in medium-term policy formulation, 
manage the impact of low interest rates, low oil prices, 
and economic downturn is hard; in long-term  
policy-making, predicting possible future turbulence 
and coordinating policy flexibility and rigidity is 
challenging. 

4.3  Opportunities 

Although the clean energy transition is facing 
severe challenges (Misbrener, 2020), the opportuni-
ties coexist. The most significant opportunity is that 
clean energy can provide numerous jobs. According 
to the statistics of E2 company, clean energy has 
provided 3.4 million jobs to the United States in 2019, 
of which about 60% for energy efficiency, 15% for 
renewable energy power generation, 7% for new 
energy vehicles, 4.4% for the construction of clean 
energy facilities, and 1.2% for biofuels. Although 
COVID-19 has a major impact on employment in the 
clean energy field, job demand will rebound in the 
post-epidemic period. Because COVID-19 made the 
demand for energy storage more visible, there may be 
more jobs in the field of energy storage. Globally, 
renewable energy employed 11 million people in 
2018 and may reach 44 million by 2050, while system 
flexibility and energy efficiency may increase em-
ployment opportunities by another 40 million. Thus, 
its income-generating effect is conceivable. It is es-
timated that renewable energy can create a gross 
domestic product (GDP) of 100 trillion US dollars by 
2050 (Ambrose, 2020). 

On the other hand, the transition of clean energy 
can make resources better allocated and utilized. For a 
long time, government subsidies for fossil fuels and 
coal-fired power have caused a series of problems 
(Carley and Konisky, 2020). To a certain extent, this 
has wasted some resources. If these resources can be 
used for clean energy, it can make the energy system 
more flexible. Furthermore, environmental pollution 
caused by fossil fuels makes some people more sus-
ceptible to COVID-19. Clean energy can control the 
deterioration of the environment. In this respect, it 
brings about an improvement in people’s health. 
 
 
5  Conclusions and lessons learned 
 

This paper reviews the impact of COVID-19 on 
the energy sector from six aspects and looks forward 
to what will happen to the energy sector. The focus of 
the review is the two largest energy countries in the 
world–China and the United States. The primary 
findings of the review are as follows: 

1. COVID-19 reduced the energy demand glob-
ally in 2020 to varying degrees, of which the demand 
for oil has the highest decline. 

2. Due to the lockdown, the pandemic has re-
duced energy prices to varying degrees and has a huge 
negative impact on employment, especially for the 
clean energy industry in the United States. 

3. To ensure the electricity supply security, 
governments of various countries have issued pref-
erential policies for energy consumers, mainly from 
the aspect of lowering electricity prices and allowing 
delayed payment. 

4. Some energy companies have taken coun-
termeasures to respond to the pandemic from em-
ployees, society, and production. Among them, the oil 
and gas industry has the most outstanding perfor-
mance in community service. 

5. Most scholars’ research focuses on energy 
supply security and policy formulation. 

Although the pandemic has negatively affected 
most aspects of the energy industry, the pace of tran-
sition to clean energy has not stopped. This paper 
describes the focus of clean energy transition from 
bioenergy, mineral resources, battery, and electrolyzer, 
and points out the existing challenges and opportuni-
ties. The discussions imply that the supply chain  
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stability, electricity storage, and policy formulation 
are the biggest challenges for the clean energy tran-
sition. At the same time, it can bring more opportuni-
ties for employment, economic recovery, and the 
human living environment. Based on the review 
findings, some lessons have been learned to provide 
decision- 
makers with some thinking: 

1. Prepare for the unknown: After the outbreak 
of the pandemic, the Chinese and United States gov-
ernments have a clear difference in the energy de-
velopment policy formulation and response speed. 
Relevant policies should be released as soon as pos-
sible after the outbreak. Therefore, the government 
should design a more flexible policy framework to 
cope with future crises, and energy security, clean 
energy development, and employment support should 
be given priority consideration. 

2. Confidence in clean energy: Clean energy is 
the main body of the future, and it is more flexible 
than other energy sources during the pandemic. Many 
companies may have realized that COVID-19 has 
given them an early look at the shrinking traditional 
energy sector and the potential for clean energy. In-
vestors should maintain confidence in clean energy 
because reliable investment is crucial to clean energy 
development. The government should promote the 
benefits of clean energy for the economy, employ-
ment, and the environment because public opinion is 
the cornerstone of development. 

3. Flexibility in traditional industries: During the 
outbreak, some oil and gas enterprises made great 
contributions to the community. They modified the 
production line to produce all kinds of anti-epidemic 
products. This shows that although the oil and gas 
industry belongs to the traditional field, their produc-
tion capacity and technology are reliable in response 
to the crisis, and they are more experienced than some 
emerging industries. 

4. Promote the development of the energy stor-
age industry: Energy companies should consider 
building energy storage facilities. In response to the 
pandemic, energy storage equipment can be used to 
adjust the balance between supply and demand, and 
can be used for peak shaving when the supply exceeds 
the demand. 

5. The priority is to solve the crisis: China has 
imposed a strict lockdown at the beginning of the out-
break. Although the weekly energy demand reduction 

rate is very high, the expected annual energy demand 
reduction rate is very low. It indicates that it is neces-
sary to start a strict lockdown and solve the crisis at the 
beginning of the pandemic, which can save more lives, 
and reduce the impact of the pandemic. In addition, the 
Chinese and United States governments have advo-
cated vaccinating their citizens in the first half of 2021, 
so that industries can better respond to the epidemic 
and enable people to return to their original lives faster. 
It proves once again that when the epidemic arrives, 
only by guaranteeing people’s lives can ensure eco-
nomic development. 

6. Supply chain stability: There are some geo-
political issues in the supply chain of renewable en-
ergy, and there are certain dependencies in the man-
ufacture of related products. The government and 
enterprises should cooperate well to ensure the sta-
bility of the supply chain. 

7. New management methods: During the out-
break, to maintain social distance, some new man-
agement methods (such as remote office and smart 
factory) emerged and achieved excellent results. On 
the other hand, some energy companies could not bear 
the blow of COVID-19 and went bankrupt. Thus, 
enterprises should pay more attention to the innova-
tion of management mode, digital grafting, and crisis 
management. 
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