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The impact of the COVID-19 pandemic on the economy and society has gained the interest of academics and

policymakers in recent years.

energy  environmental pollution  COVID-19

1. Impact of COVID-19 on the Environment and Climate
Change

The global coronavirus crisis has significantly affected the global economy, the social sector, and the environment.

Leading scientific editions have published many theoretical articles and the results of applied research on the

nature and consequences of a pandemic impact. This section reviews scientific publications on the changes the

economy, energy system, and environment have undergone in sustainable development. The study of the impact

of the COVID-19 pandemic on climatic parameters is of considerable scientific interest. Pandemics and climate

change are two serious problems that cause significant economic and social damage. However, can one problem

at least partially solve another one? Analysis of scientific publications has shown that this problem is highly

relevant. There are currently a significant number of publications that explore this issue. It is advisable to identify

papers that can attract the scientific community’s attention. In particular, one study  aimed to determine the

appropriateness of solving climate problems through a pandemic. In conclusion, the authors argued that, although

the pandemic has positively impacted the climate and contributed to energy policy goals, it has been too

expensive. Such a situation is explained by significant social and economic losses resulting from reduced

economic activity. Thus, international climate policy provides more cost-effective mechanisms to combat climate

change and is used successfully. The authors of  also comprehensively studied this problem, investigating

the relationship between the consequences of the pandemic lockdown and air pollution, public health, and

economic growth.

Some scientists have studied the impact of the coronavirus pandemic on the environment more closely and

thoroughly. Marinello et al.  used the scoping approach when assessing the impact of changes in human

activities on the environment due to COVID-19. Many scientists often use the following air pollution metrics to

investigate this issue: NO , PM10, PM2.5, and, to a lesser extent, SO , CO, and O . The authors of  analyzed

the impact of social isolation due to the COVID-19 pandemic on the emission of the most dangerous gases that

pollute the air. As a result of the statistical data processing study, it was impossible to identify a general European
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trend toward decreasing the concentration of harmful gases in the atmosphere. This indicated the presence of

different effects caused by the pandemic, which vary from country to country. Global and interregional studies are

more complex in terms of obtaining homogeneous results. However, given the possible time lag between social

exclusion and reduced emissions, this research predicted five scenarios for reducing greenhouse gas emissions.

The most optimistic scenario assumed that a decrease in CO, NO , and PM2.5 emissions could be achieved by

maximums of 51%, 95%, and 28%, respectively. Furthermore, other studies  used factual data and offered the

results of structural analysis of emission reductions by their sources, as well as tracked changes in air pollution

during the period of declining social mobility

The authors of , using the examples of Greece, Pakistan, Malaysia, and China, respectively, analyzed

the amount of greenhouse gas emissions and their impact on climatic conditions during a pandemic, including

lockdown periods and quarantine easing. The state of emissions in the United States (in California) was analyzed

by Pan et al. . These studies focused on a specific country or region, making their results more homogeneous.

This is because national restrictions are relatively the same within a country; similarly, the reduction in economic

activity and mobility has led to similar results within a country. The results in  were interpreted according to the

presence or absence of a long-term effect of the pandemic on air quality and climatic conditions. The study

concluded that the positive long-term impact of the pandemic on climate change should not be expected. After

periods of severe quarantine restrictions, society returned to the usual pattern of behavior and economic activity,

minimizing the short-term positive results caused by COVID-19. The authors of  confirmed this conclusion.

However, during quarantine restrictions, the reduction in harmful emissions is significant.

The authors of  arrived at somewhat different conclusions, i.e., that there is an increase in pressure on forests

and other ecosystems during the lockdown in Latin America. At the same time, there is a positive trend to reduce

urban pollution.

According to , Peru’s electricity generation changes have reduced greenhouse gas emissions by 60% compared

to the usual scenario. Given this research and the results achieved by , it is advisable to assess the impact of

energy generation on the state of the climate in more detail, including during the production of energy from

renewable sources. The authors of  researched the reduction in emissions of harmful substances into the air

due to decreasing fossil fuels for energy production in China. Such studies remain relevant and expand the subject

of research. Letunovska et al.  studied the relationship between the transition to renewable energy and the

population’s health.

In contrast to the studies listed above, researchers  have also considered the climatic effects of the COVID-19

pandemic in the context of energy asymmetry. A similar problem in another geographical region was the subject of

research in East India  and Delhi , where a broader list of outcome indicators was presented. The authors of

 focused on an essential aspect of environmental pollution during the COVID-19 pandemic: changes in air

quality parameters in megacities. This research is socially significant, as another point of view on the issue was

presented. Researchers focused not only on the emissions of harmful gases but also on changes in the region’s

state of climate due to changes in the traditional model of economic activity. A result of this research was the actual
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short-term impact of the lockdown on the environment and temperature. The identified relationship between the

concentration of harmful substances in the air and the volume of economic activity in this research was more

pronounced than in similar studies. However, another study  suggested that caution should be exercised in

assessing the environmental impact of COVID-19, as many other factors need to be considered, such as forest

fires and other adverse events that can significantly affect air composition. This means that studying the impact of

COVID-19 on air quality is vital to determine precisely how the pollution indicators for different pollutants have

changed, i.e., to monitor the dynamics of harmful substances concentration . The significant results obtained in

terms of improving the air condition and specific climatic parameters can be explained by the location of the study.

A more significant impact of the pandemic and its environmental limitations is typical for studies based on data

obtained in industrial areas where pollution is constantly high. As a result, the authors also focused on the

antagonism of economic and climatic goals. Instead, the authors of  suggested using such a situation to further

the design and construction of the production infrastructure rather than a negative situation. Despite the significant

number of studies on similar topics relevant and of considerable scientific interest, approaches to studying the

problem and research methodology differ significantly.

In , the authors investigated local changes in air quality and determined the impact of COVID-19 on precipitation

and the state of the ozone layer. Instead, the authors of  analyzed the impact of restrictions on coronavirus

control on the environment in chronological order: before, during, and after coronavirus restrictions. In , the

authors used a macroeconomic model to assess the impact of the economic shocks of supply and demand

generated by the COVID-19 crisis on the climate issue of the Member States of the European Union. Furthermore,

another study  investigated this issue using a nonlinear model. This approach significantly distinguished it from

others. Because a significant number of studies focused on the impact of COVID-19 on a limited (small) area, of

particular interest are studies that conducted a global assessment (e.g., ) or compared these effects in

different regions (e.g., ).

Since the most significant air pollutants are enterprises, industries emit many harmful substances into the

atmosphere and supersaturate the air with them. The authors of  studied the state of industrial enterprises and

changes in emissions of harmful gases and substances into the atmosphere. This research was consistent with the

results of many other scientific publications and demonstrated the positive effect of COVID-19 on air quality. The

value of the study is that the objects studied were located in a large area of the People’s Republic of China, i.e., the

geographical location of the study was immense.

The issues of industry, its state, and development are also related to thorough research aimed at developing

technologies that will be useful to reduce the harmful effects on the environment both during the pandemic and

after it ends. The authors of  investigated long-term mineralization technology as an effective mechanism for

reducing CO  emissions and combating climate change.

One of the most common research areas related to the spread of COVID-19 is determining the relationship

between natural (climatic) conditions and the number of infected people. In particular, the authors of  analyzed

the relationship between air quality and the spread of COVID-19 in African countries. They clustered countries
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according to the level of morbidity depending on the concentration of harmful substances in African countries’ air

. The authors of a similar study (Lipfert and Wyzga, 2021) did not find a long-term relationship between

environmental quality and the number of diseases on COVID-19 . The authors concluded that the spread of the

virus is much more influenced by other factors, such as social conditions and the environment. However, the

results of Chinese researchers  indicated the impact of COVID-19 on environmental quality. While one study 

defined the relationship between the severity of the pandemic and the level of emissions, another  used similar

results as a basis for assessing the positive impact of the spread of coronavirus, i.e., the reduction in mortality due

to poor living conditions (natural factors). However, this research used data from 2019 (the beginning of the spread

of coronavirus). A study by a team of scientists from Italy and France  used data on particulate matter in the air.

It showed the presence of threshold values, the exceeding of which would lead to the spread of COVID-19

because it weakens the human body. The authors of  investigated the relationship between COVID-19 mortality

and environmental quality through the National Air Toxics Assessment of hazardous air pollutants. An interesting

study  analyzed the spread of coronavirus in Brazil and showed some coronavirus drivers. Another study in

Brazil calculated the economic effects of the coronavirus on the health system. On the basis of the results, the

authors of  argued that a wide range of effects should be considered, not just the costs associated with deaths

or their avoidance. They claimed that it is necessary to consider reducing the cost of hospitalization of patients with

comorbidities (e.g., cardiovascular system) as a function of reduced hospitalizations due to improved

environmental conditions.

In the current COVID-19 pandemic, scientific collaboration is of particular importance to respond quickly to global

challenges and threats. This is why a particular study  is of scientific interest, as it characterized the state and

trends in international scientific cooperation on combating climate change. In addition, it is crucial to synchronize

the efforts and decisions of different countries to control the coronavirus and maximize the positive climatic effects

caused by it, as addressed by Nguyen et al. .

Studies of the impact of the coronavirus pandemic on the environment and climate change were carried out in

different conditions. The research geography is diverse, and the initial conditions, such as air pollution levels,

available and used energy resources, energy system characteristics, and energy consumption, were different. This

explains the differences in the individual conclusions of scientists. However, the general conclusion is common and

appears in one form or another in most publications. This conclusion can be summarized as the positive impact of

the coronavirus pandemic being temporary, lasting as long as the coronavirus restrictions are in place. During the

restoration of usual economic activity, the emissions of harmful substances and greenhouse gases return to typical

values. Such results conclude that reducing economic activity and artificial restrictions are ineffective in combatting

climate change and protecting the natural environment. Accordingly, government representatives, businesses,

scientists, and stakeholders must continue seeking economic incentives to conduct business responsibly using

environmentally friendly technologies instead of restrictive measures that negatively affect economic activity.

2. COVID-19 and Sustainable Development
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The results of studies of changes in air quality and the impact of the COVID-19 pandemic on climatic conditions

have provided additional, previously missing information on the necessary actions to combat climate change and

its consequences. Therefore, many scientists have paid attention to these issues. However, the literature linking

COVID-19 to sustainable development is fragmented. The authors of  tried to gauge the extent to which

scientists are currently studying this area. A review article  listed the direct and indirect effects of the coronavirus

on sustainable development. Moreover, the paper systematically investigated the pandemic problem and

determined the areas of life with a need to change approaches to achieve sustainable development. It is also worth

paying attention to the review study in . The authors systematized the situation with coronavirus infection. They

showed the consequences of its spread following a review of many scientific papers. Thus, they sought to provide

a systemic vision of the problem to individuals and institutions whose activities are related to combating the

coronavirus and its consequences.

In contrast to the previous study, the authors of  used evidence to assess the impact of COVID-19 on the

environment, social sector, and economy. The results of the study were the potential consequences of the problem

for different sectors of the economy. The authors offered practical recommendations for overcoming the effects of

the crisis in various sectors of the economy. One of the critical sectors of the modern economy is energy. The

operation of energy systems worldwide has undergone significant changes under the influence of COVID-19.

Moreover, energy is vital for sustainable development. The production of safe and environmentally friendly energy

creates the basis for change aimed at forming and implementing long-term programs to improve environmental,

social, and economic standards of living. The authors of  focused on the energy vector of economic

development in the post-pandemic period in the context of sustainable development, while the authors of 

offered a nontrivial view of energy development, arguing that there is a link between the country’s energy

development level and its ability to withstand the threat of coronavirus.

The results in  provide information on how to turn the short-term positive effects of a pandemic into an

opportunity for sustainable development. In this research, the researchers studied the environmental aspects that

have a positive impact through blocking and strategies to preserve a green and clean environment for a long time.

However, whether the environmental benefits of COVID-19 will be used in the future remains a big question. The

authors of  studied this issue using the example of China’s economy. They noted that, during the pandemic, the

emphasis on business shifted to the social side. However, environmental aspects were also considered less critical

by company executives. For sustainable development in the future, it is essential not to lose the ecological results

that have already been achieved. This is why the researchers of this research prepared several proposals for

business and government for further economic development. However, this research operated using data obtained

in China. Instead, a similar study  used data from more than 11,000 companies worldwide.

The authors of  drew attention to transforming social conditions under the new way of human life during

quarantine restrictions. This research aimed to determine the changes necessary in the sustainable development

strategy as a result of the coronavirus pandemic. Furthermore, the study examined which existing sustainable

development plans are broken. Another study  was typical of the pandemic period. The authors paid attention to

indicators of climate improvement but focused on further actions, i.e., how to unite all those interested in achieving
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climate and sustainable development goals to cooperate as efficiently and quickly as possible. Overall, this will

help maintain the positive effects of COVID-19 on the environment. One of the crucial activities to combat the

effects of the pandemic is cooperation within the scientific community on sustainable development research.

International teams of scientists are investigating this issue. In addition, it is important to see how the population’s

environmental awareness, awareness of sustainable consumption, and social responsibility have changed, as this

is the basis for further sustainable development policies. The authors of  explored this issue in Brazil and

Portugal on the Baby Boomer, X, and Y generations. The results of this study may be related to the research topic

in  on educating the future in the context of sustainable development.

On the basis of scientific studies discussed in this section, it is possible to conclude the connection between energy

independence and the efficiency of the use of energy resources and the country’s ability to face global challenges,

particularly the pandemic. Energy networks with a significant share of renewable energy can increase the energy

independence of energy-poor countries. In the long term, renewable energy will positively affect the resistance of

such countries to economic and social threats. In addition, energy systems with a significant share of renewable

energy turned out to be more flexible in responding to demand, and their use was more economically justified.

These arguments should be considered in the discussions regarding determining the priorities for further

development of the energy industry. After analyzing many publications, it is possible to say that the COVID-19

pandemic has revealed the connection of energy not only with the achievement of SDG #7 (affordable and clean

energy) and SDG #13 (climate action), but also with SDG #3 (good health and wellbeing).

3. COVID-19 and Methodology for Forecasting and
Evaluating the Energy Sector

Energy has been significantly affected by the COVID-19 pandemic. One of the most significant effects on energy is

a change in consumption structure. It is important to note that the methodology of forecasting and determining

supply and demand in current conditions may be ineffective because existing forecasting models use a calendar,

meteorological information, and historical data. Quarantine restrictions have made this approach inappropriate.

Thus, developing a new forecast energy demand model or adapting existing ones is necessary. The researchers of

 suggested two ways to adapt existing approaches to forecasting demand. It is vital to pre-systematize factual

data for use in such studies. The authors of  summarized trends in energy consumption during quarantine

restrictions. Furthermore, the researchers of  proposed a mechanism to improve the monitoring and exchange

of energy consumption data during a pandemic.

Therefore, there is a widespread and accepted opinion in the scientific community about the need to adjust existing

or develop new strategic planning methods in energy. In particular, it is necessary to make strategic investment

decisions. In , the researchers explored this issue, proposing the use of machine learning algorithms to

consider the impact of COVID-19 on processes in energy. The authors of  used linear regression models based

on data from Romania to identify and characterize the long-term relationship between GDP and electricity

consumption. They argued that, in the context of the COVID-19 pandemic, their study may be helpful for energy

and policy optimization and economic growth in Romania and the European Union. The effect of COVID-19 on the
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energy system was also investigated in . The authors focused on energy system security, electricity

generation, demand, and prices. Furthermore, the authors noted differences in the results of the study in different

regions. García et al.  used a completely different approach to studying the impact of COVID-19. They

determined changes in energy consumption at the level of the household consumer. As a result, they identified five

short- and medium-term consumer behavior profiles. Energy consumption profiles are an area that has caused

significant publishing activity, as specifically researched in . Eryilmaz et al.  investigated changes in the

structure of energy production during a pandemic.

Along with studies of energy consumption and production changes, market mechanisms for responding to these

changes play a significant role in research. Norouzi et al. and Halynska  investigated this issue. Bompard et al.

 systematically analyzed the consequences of crisis phenomena such as COVID-19. They defined the behavior

profiles of household and commercial consumers and focused on decision-making assistance for policymakers,

regulators, and system operators in times of crisis . When the behavioral models of energy consumers and the

energy demand change, studying the practices of energy solutions that can quickly respond to such changes is

especially relevant .

Social distancing, with the spread of remote work practices due to the pandemic, has changed energy consumption

according to the type of use of buildings and institutions. Energy consumer habits usually change gradually, but the

spread of COVID-19 forced people to change their lives and cost-sharing significantly. Energy consumption in most

industrial and office buildings is declining, while energy consumption in residential buildings is increasing .

Mofijur et al.  reached a similar conclusion. The author argued that the demand for energy in residential areas

has increased due to the reduced mobility of the population and the transition to teleworking while reducing the

industrial and commercial use of energy. Developing comprehensive energy conservation programs is worth noting

the reduction in energy consumption in higher-education buildings .

Regarding municipal buildings, Geraldi et al.  noted a raw energy consumption intensity during lockdown periods

and in the absence of activity in homes. Conducting an energy audit in municipal buildings allows us to understand

consumption trends and determine the list of energy-saving measures depending on the purpose of the building.

Changes in electricity consumption in recent years have occurred depending on the type of buildings and the

terrain. There has been a decrease in electricity consumption in the industrial and commercial sectors and an

increase in energy load in the private sector. In addition, energy load centers transform from large cities to

peripheral settlements . Using a machine learning model, Kim et al.  simulated the need for resource

consumption depending on the number of active cases of COVID-19. They determined that it is increasing at a

specific rate. Current trends suggest the need to restructure or develop new energy systems and green building

certification systems  to effectively manage energy demand at the level of a specific local area. This situation

stimulates the accelerated implementation of deep energy modernization projects and the large-scale

implementation of effective tools to reduce energy consumption in public buildings. In addition, distance work and

online learning create new demands on constructing the energy network of residential areas and developing

measures to increase digital and energy-saving competence. Energy networks of residential buildings must be

provided with appropriate technical conditions for uninterruptible power supply with the possibility of additional
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connection of different energy sources . Today’s challenges request to create new forms of interaction

between consumers, distribution network operators, and energy suppliers to achieve an uninterrupted and reliable

energy supply for design energy networks. Jiang et al.’s  study focused on measures to stabilize energy

demand.

In general, it is worth paying attention to scientific publications that systematize existing research in forecasting,

modeling, and methodology for assessing processes in energy. A valuable tool to achieve this is bibliometric

analysis.

Changes in business and household energy consumption during the coronavirus pandemic have provided real-time

data on grid load and consumer behavior. Such global data could not be obtained experimentally. In earlier studies,

predictive models were used for this purpose. However, the accuracy of the modeling depends on the correctness

of the assumptions underlying the model. The pandemic has lifted restrictions on scientists and practitioners in the

energy sector. The developed consumer behavior patterns make it possible to determine critical aspects of the

future energy system. Reducing and canceling coronavirus restrictions does not mean returning to typical

behavioral patterns of consumption. In particular, services for joint work and online meetings have significantly

increased their importance in business. Furthermore, some employees, even after lifting restrictions related to

COVID-19, continue to work remotely .
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