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a b s t r a c t 

COVID-19 has heightened human suffering, undermined the economy, turned the lives of billions of peo- 

ple around the globe upside down, and significantly affected the health, economic, environmental and 

social domains. This study aims to provide a comprehensive analysis of the impact of the COVID-19 out- 

break on the ecological domain, the energy sector, society and the economy and investigate the global 

preventive measures taken to reduce the transmission of COVID-19. This analysis unpacks the key re- 

sponses to COVID-19, the efficacy of current initiatives, and summarises the lessons learnt as an update 

on the information available to authorities, business and industry. This review found that a 72-hour de- 

lay in the collection and disposal of waste from infected households and quarantine facilities is crucial to 

controlling the spread of the virus. Broad sector by sector plans for socio-economic growth as well as a 

robust entrepreneurship-friendly economy is needed for the business to be sustainable at the peak of the 

pandemic. The socio-economic crisis has reshaped investment in energy and affected the energy sector 

significantly with most investment activity facing disruption due to mobility restrictions. Delays in en- 

ergy projects are expected to create uncertainty in the years ahead. This report will benefit governments, 

leaders, energy firms and customers in addressing a pandemic-like situation in the future. 

© 2020 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 
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. Introduction 

The newly identified infectious coronavirus (SARS-CoV-2) was 

iscovered in Wuhan and has spread rapidly since December 2019 

ithin China and to other countries around the globe ( Zhou et al., 

020 ; Kabir et al., 2020 ). The source of SARS-CoV-2 is still un-

lear ( Gorbalenya et al., 2020 ). Fig. 1 demonstrates the initial 

imeline of the development of SARS-CoV-2 ( Yan et al., 2020 ). 

he COVID-19 pandemic has posed significant challenges to global 

afety in public health ( Wang et al., 2020 ). On 31 st January 2020,

he World Health Organization (WHO), due to growing fears about 

he rapid spread of coronavirus, announced a global epidemic 
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nd on 11 th March, the disease was recognised as a pandemic 

 Chowdhury et al., 2021 ). COVID-19 clinical trials indicate that al- 

ost all patients admitted to hospital have trouble breathing and 

neumonia-like symptoms ( Holshue et al., 2020 ). Clinical diagno- 

is has identified that COVID-19 (disease caused by SARS-CoV-2) 

atients have similar indications to other coronavirus affected pa- 

ients, e.g. Middle East Respiratory Syndrome (MERS) and Severe 

cute Respiratory Syndrome (SARS) ( Wang and Su, 2020 ). The ini- 

ial indication of a COVID-19 infection is coughing, fever, and short 

reath, and in the later stages, it can damage the kidney, cause 

neumonia, and unexpected death ( Mofijur et al., 2020 ). The vul- 

erability of the elderly ( > 80 years of age) is high, with a fatality

ate of ~22% of cases infected by COVID-19 ( Abdullah et al., 2020 ).

he total number of confirmed COVID-19 cases has reached over 33 

illion as of 29 th September 2020, with more than 213 countries 

nd regions affected by the pandemic ( Worldometer, 2020 ). Over 
reserved. 
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Fig. 1. The initial stage development timeline for COVID-19 ( Yan et al., 2020 ). 

Fig. 2. Infections and replication cycle of the coronavirus ( Acter et al., 2020 ). 
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,003,569 people have already passed away ( Worldometer, 2020 ) 

ue to COVID-19. Most countries are currently trying to combat 

he virus spread by screening for COVID-19 in large numbers and 

aintaining social distancing policies with an emphasis on the 

ealth of human beings. 

Fig. 2 shows infections and replication cycle of the coronavirus. 

n extreme cases, the lungs are the most severely damaged organ 

f a SARS-CoV-2 infected person (host). The alveoli are porous cup- 

ormed small cavities located in the structure of the lungs where 
344 
he gas exchange of the breathing process take place. The most 

ommon cells on the alveoli are the type II cells. 

It has been reported that travel restrictions play a significant 

ole in controlling the initial spread of COVID-19 ( Chinazzi et al., 

020 ; Aldila et al., 2020 ; Beck and Hensher, 2020 ; Bruinen de

ruin et al., 2020 ; de Haas et al., 2020 ). It has been reported that

taying at home is most useful in controlling both the initial and 

ast phase of infectious diseases ( de Haas et al., 2020 ; Cohen, 2020 ,

irouz et al., 2020 ). However, since the start of the COVID-19 pan- 
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Fig. 3. Initial preventive measures to lower the COVID-19 outbreak ( Bruinen de Bruin et al., 2020 ). 

Fig. 4. Global transport and aviation activity in the first quarter of the year 2020 ( International Energy Agency (IEA), 2020 ). 
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emic, quarantines, entry bans, as well as other limitations have 

een implemented for citizens in or recent travellers to several 

ountries in the most affected areas ( Sohrabi et al., 2020 ). Also, 

ost of the industries were shutdown to lower mobility. A poten- 

ial benefit of these measures is the reduction of pollution by the 

ndustrial and transportation sector, improving urban sustainabil- 

ty ( Jiang et al., 2021 ). Fig. 3 shows the global responses to lower

he impact of the COVID-19 outbreak. There have been negative 

conomic and social implications due to restrictions and decreased 

ravel readiness worldwide ( Leal Filho et al., 2020 ). A fall in the

olume of business activity and international events and an in- 

rease in online measures could have a long-term impact. The sta- 

us of global transport and air activity as a result of the COVID-19 
345 
andemic is shown in Fig. 4 ( International Energy Agency (IEA), 

020 ). By March 2020, the average global road haulage activity in 

egions with lockdowns had declined to almost 50% of the 2019 

tandard. Air travel has almost completely stopped in certain re- 

ions with aviation activity decreasing by over 90% in some Euro- 

ean countries. Air activity in China recovered slightly from a low 

n late February, with lockdown measures somewhat eased. Never- 

heless, as lockdowns spread, by the end of Q1 2020, global avia- 

ion activity decreased by a staggering 60%. 

The spread of COVID-19 continues to threaten the public health 

ituation severely ( Chinazzi et al., 2020 ) and greatly affect the 

lobal economy. Labour displacement, business closures and stock 

rashes are just some of the impacts of this global lockdown dur- 
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Fig. 5. The lifespan of SARS-CoV-2 on different media ( Chin et al., 2020 ; van Dore- 

malen et al.; 2020 ; Ye et al., 2016 ) 
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ng the pandemic. According to the International Monetary Fund 

IMF), the effect of COVID-19 will result in a worldwide economic 

ecline in 2020 and a decline in the economic growth to 3% 

 International Monetary Fund (IMF) ). COVID-19 has a detrimental 

mpact on economic growth due to two primary factors. In the 

eginning, the exponential growth of the global epidemic directly 

ontributed to considerable confusion about instability in the fi- 

ancial and capital markets. Secondly, countries have strictly reg- 

lated human movement and transport to monitor the growth of 

he epidemic and significantly reduced economic activity, putting 

ressure on both consumer and productive economic activity. 

Since the 1970s, the link between economic growth and pollu- 

ion has been an important global concern. The assessment of en- 

rgy and financial efficiency is usually connected to environmental 

ollution research. Green practices at a national level, the inclusion 

f renewable energy, regulatory pressure and the sustainable use of 

atural resources are associated with environmental sustainability 

 Khan et al., 2020 ). One study has shown that environmental pol- 

ution increases with economic growth and vice versa ( Cai et al., 

020 ). The strict control over movement and business activity due 

o COVID-19 has led to an economic downturn, which is in turn, 

xpected to reduce environmental pollution. This paper system- 

tically assesses how the novel coronavirus has had a global ef- 

ect on society, the energy sector and the environment. This study 

resents data compiled from the literature, news sources and re- 

orts (from February 2020 to July 2020) on the management steps 

mplemented across the globe to control and reduce the impact of 

OVID-19. The study will offer guidelines for nations to assess the 

verall impact of COVID-19 in their countries. 

. Impact of COVID-19 on the environmental domain 

.1. Waste generation 

The generation of different types of waste indirectly creates 

 number of environmental concerns ( Schanes et al., 2018 ). The 

ome isolation and pop-up confinement services in countries that 

ave experienced major impacts of COVID-19 are standard practise, 

s hospitals are given priority to the most serious cases. In some 

ountries, hotels are being used to isolate travellers for at least two 

eeks on entry. In several countries, such quarantine measures 

ave resulted in consumers increasing their domestic online shop- 

ing activity that has increased domestic waste. In addition, food 

ought online is packaged, so inorganic waste has also increased. 

edical waste has also increased. For instance, Wuhan hospitals 

roduced an average of 240 metric tonnes of medical waste during 

he outbreak compared to their previous average of fewer than 50 

onnes ( Zambrano-Monserrate et al., 2020 ). This unusual situation 

oses new and major obstacles in the implementation of waste 

ollection services, thus creating a new challenge for waste col- 

ection and recycling groups. With the global adaptation to expo- 

ential behavioural and social shifts in the face of COVID-19 chal- 

enges, municipal services such as waste collection and manage- 

ent need to alter their operations to play an important role in 

educing the spread of infectious diseases. 

.1.1. Lifespan of COVID-19 on different waste media 

SARS-CoV-2 ′ s transmission activity has major repercussions for 

aste services. SARS-CoV-2 attacks host cells with ACE2 proteins 

irectly. ACE2 is a cell membrane-associated enzyme in the lungs, 

eart and kidneys. When all the resources in the host cell are 

nfected and depleted, the viruses leave the cell in the so-called 

hedding cycle ( Nghiem et al., 2020 ). Clinical and virological ev- 

dence suggests that the elimination of the SARS-CoV-2 virus is 

ost relevant early on, right before and within a couple of days of 
346 
he onset of the illness ( AEMO, 2020 ). Fomites are known as ma- 

or vectors for the replication of other infectious viruses during the 

utbreak ( Park et al., 2015 ). Evidence from SARS-CoV-2 and other 

oronaviruses show that they remain effective for up to a few days 

n the atmosphere and on a variety of surfaces ( Fig. 5 ). The survival

ime of SARS-CoV-2 on hard and plastic surfaces is up to three days 

ndicating that waste materials from COVID-19 patients may con- 

ain coronavirus and be a source of infection spread ( Chin et al., 

020 ). During the early stages of this epidemic, updated waste dis- 

osal methods to tackle COVID-19 were not implemented on the 

roader community. The concept of clinical waste essentially also 

pplies to waste from contaminated homes and quarantine facil- 

ties. Throughout this pandemic, huge volumes of domestic and 

ospital waste, particularly plastic waste, has been generated. This 

as already impeded current effort s to reduce plastic waste and 

ecrease its disposal in the environment. More effort should be 

ade to find alternatives to heavily used plastics. 

.1.2. Waste recycling service 

COVID-19 has already had significant effects on waste recycling. 

nitially, as the outbreak spread and lockdowns were implemented 

n several countries, both public authorities and municipal waste 

anagement officials had to adjust to the situation quickly. Waste 

isposal has also been a major environmental problem for all tech- 

ologically advanced nations, as no clear information was available 

bout the retention time of SARS-CoV-2 ( Liu et al., 2020 ). Recy- 

ling is a growing and efficient means of pollution control, saving 

nergy and conserving natural resources ( Ma et al., 2019 ). Recy- 

ling projects in various cities have been put on hold due to the 

andemic, with officials worried about the possibility of COVID-19 

preading to recycling centres. Waste management has been lim- 

ted in affected European countries. For example, Italy prohibited 

he sorting of waste by infected citizens. Extensive waste man- 

gement during the pandemic is incredibly difficult because of 

he scattered nature of the cases and the individuals affected. The 

alue of implementing best management practises for waste han- 

ling and hygiene to minimise employee exposure to potentially 

azardous waste, should be highlighted at this time. Considering 

he possible role of the environment in the spread of SARS-CoV-2 
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Fig. 6. Recommended waste management during COVID-19 ( ACR + 2020 ). 
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Table 1 

NO 2 emissions data acquisition by ESA using Sentinel-5P 

across different regions of Europe ( Financial Times, 2020 ). 

Country Initial data Final data % reduction 

Europe March 2019 March 2020 Up to 30% 

Italy March 2019 March 2020 Up to 30% 

France March 2019 March 2020 Up to 30% 

Spain March 2019 March 2020 Up to 30% 

UK January 2020 March 2020 Up to 36% 
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 Qu et al., 2020 ), the processing of both household and quarantine 

acility waste is a crucial point of control. Association of Cities and 

egions for sustainable Resource management (ACR + ) has reported 

n the provision of separate collection services to COVID-19 con- 

aminated households and quarantine facilities to protect frontline 

aste workers in Europe, as shown in Fig. 6 . ACR + also suggests a

2-hour delay in waste disposal (the possible lifespan of COVID-19 

n the environment) ( Nghiem et al., 2020 ). Moreover, the collected 

aste should be immediately transported to waste incinerators or 

ites without segregation. 

.2. NO 2 emissions 

Without the global pandemic, we had naively anticipated that 

n 2020 global emissions would rise by around 1% on a five- 

ear basis. Instead, the sharp decline in economic activity in re- 

ponse to the current crisis will most probably lead to a modest 

rop in global greenhouse emissions. The European Space Agency 

ESA), with its head office in Paris, France, is an intergovernmen- 

al body made up of 22 European countries committed to explor- 

ng the international space. To monitor air pollution in the atmo- 

phere, the ESA uses the Copernicus Sentinel-5P Satellite. In ad- 

ition to the compound contents measurement, the Copernicus 

entinel-5P troposphere monitor (TROPOMI) and other specified 

recision equipment measure ozone content, sulphur dioxide, car- 

on monoxide, and methane. Table 1 shows NO 2 emissions data 

cquisition by ESA using Sentinel-5P across different regions of Eu- 

ope ( Financial Times, 2020 ). 

Burning fossil fuels, such as coal, oil, gas and other fuels, is 

he source of atmospheric nitrogen dioxide ( Munawer, 2018 ). The 

ulk of the NO 2 in cities, however, comes from emissions from 

otor vehicles (approximately 80%). Other NO sources include 
2 

347 
etroleum and metal refining, coal-fired electricity, other manufac- 

uring and food processing industries. Some NO 2 is naturally pro- 

uced by lightning in the atmosphere and from the soil, water, and 

lants, which, taken together, constitutes not even 1% of the total 

O 2 found in the air of our localities. Due to pollution variations 

s well as changes in weather conditions, the levels of the NO 2 in 

ur atmosphere differ widely every day. Anthropogenic pollution 

s estimated to contain around 53 million tonnes of NO 2 annually. 

itrogen dioxide, together with nitrogen oxide (NO), are consid- 

red the major components of oxides of nitrogen (NOx) ( M Palash 

t al., 2013 ; Fattah et al., 2013 ). NO, and NO 2 are susceptible to

ther chemicals and form acid rain that is toxic to the environ- 

ent ( Mofijur et al., 2013 ; Ashraful et al., 2014 ), WHO lists NO 2 as

ne of the six typical air contaminants in the atmosphere. For this 

eason, the amount of NO 2 in the atmosphere is used as a precise 

easure for determining whether the COVID-19 outbreak affects 

nvironmental pollution. 

NO 2 is an irritating reddish-brown gas with an unpleasant 

mell, and when cooled or compressed, it becomes a yellowish- 

rown liquid ( Wang and Su, 2020 ). NO 2 inflames the lung lin- 

ngs and can decrease lung infection immunity. High levels of NO 
2 
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Fig. 7. Comparison of the NO 2 concentration between 2019 and 2020 in Europe ( European Space Agency (ESA), 2020 ). 
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n the air we breathe can corrode our body’s lung tissues . Ni- 

rogen dioxide is a problematic air pollutant because it leads to 

rown photochemical smog formation, which can have significant 

mpacts on human health ( Huang et al., 2020 ). Brief exposure to 

igh concentrations of NO 2 can lead to respiratory symptoms such 

s coughing, wheezing, bronchitis, flu, etc., and aggravate respira- 

ory illnesses such as asthma. Increased NO 2 levels can have major 

ffects on individuals with asthma, sometimes leading to frequent 

nd intense attacks ( Munawer, 2018 ). Asthmatic children and older 

ndividuals with cardiac illness are most vulnerable in this regard. 

owever, its main drawback is that it produces two of the most 
348 
armful air pollutants, ozone and airborne particles. Ozone gas af- 

ects our lungs and the crops we eat. 

.2.1. NO 2 emissions across different countries 

According to the ESA ( European Space Agency (ESA), 2020 ), av- 

rage levels of NO 2 declined by 40% between 13 th March 2020 to 

3 th April 2020. The reduction was 55% compared to the same pe- 

iod in 2019. Fig. 7 compares the 2019-2020 NO 2 concentration 

 European Space Agency (ESA), 2020 ). The displayed satellite im- 

ge was captured with the TROPOMI by ESA satellite Sentinel-5P. 

he percentage reductions in average NO emissions in European 
2 
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Fig. 8. Changes in average NO 2 emission in different countries ( Myllyvirta, 2020 ). 
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ountries during the COVID-19 outbreak from 1 st April to 30 th April 

020 can be seen in Fig. 8 ( Myllyvirta, 2020 ). Portugal, Spain, Nor-

ay, Croatia, France, Italy, and Finland are the countries that expe- 

ienced the largest decrease in NO 2 levels, with 58%, 48%, 47%, 43% 

nd 41%, respectively. 

The average 10-day animation of NO 2 emissions throughout Eu- 

ope (from 1 st January to 11 th March 2020), demonstrated the 

nvironmental impact of Italy’s economic downturn, see Fig. 9 

 European Space Agency (ESA), 2020 ). In the recent four weeks 

Last week of February 2020 to the third week of March 2020) 

he average concentration of NO 2 in Milan, Italy, has been at least 

4% less than the previous four weeks. In the week of 16 – 22 

arch, the average concentration was 21% lower than in 2019 for 

he same week. Over the last four weeks of January 2020, NO 2 

missions in Bergamo city has been gradually declining. During the 

eek of 16–22 March, the average concentration was 47% less than 

n 2019. In Rome, NO 2 rates were 26–35% lower than average in 

he last four weeks (third week of January 2020 to the third week 

f February 2020) than they were during the same week of 2019 

 Atmosphere Monitoring Service, 2020 ). 

Fig. 10 shows a comparison of NO 2 volumes in Spain in 

arch 2019 and 2020. As per ( European Space Agency (ESA), 

020 ), Spain’s NO 2 pollutants decreased by up to 20–30% due 

o lockdown, particularly across big cities like Madrid, Barcelona, 

nd Seville. ESA Sentinel-5P captured the satellite image using 

ROPOMI. Satellite images of the 10 days between 14 th and 25 th 

arch 2020 show that NO 2 tropospheric concentration in the ar- 

as of Madrid, Barcelona, Valencia, and Murcia ranges from 0–90 

g/m 

3 . The NO 2 tropospheric concentration for Seville is almost 0 

g/m 

3 for the same time. For March 2019, the average NO 2 tro- 

ospheric concentration for the Madrid area was between 90 and 

60 mg/m 

3 . At the same time, the range of NO 2 tropospheric con- 

entration for Barcelona, Valencia, and Seville area was between 

0–140 mg/m 

3 , 90-130 mg/m 

3 , and 30–50 mg/m 

3 , respectively. 

Fig. 11 shows the reduction in the amount of NO 2 emissions 

n France in March 2019 and 2020 ( European Space Agency (ESA), 

020 ). In France, levels of NO 2 have been reduced by 20% to 

0%. The ESA Sentinel-5P satellite image was captured with the 

ROPOMI. In Paris and other major cities, the emission levels of 

O 2 considerably lowered due to lockdown. The three major ar- 

as of France where NO 2 tropospheric concentration was signifi- 

ant are Paris, Lyon, Marseille and their surroundings. Satellite im- 

ges of the ten days between 14 th and 25 th March 2020 show that 
349 
O 2 tropospheric concentration of the Paris, Lyon, Marseille areas 

anges 30–90 mg/m 

3 , 20–40 mg/m 

3 and 40–80 mg/m 

3 , respec- 

ively. For March 2019, the average NO 2 tropospheric concentration 

or the same areas was reported as 100–160 mg/m 

3 , 30–60 mg/m 

3, 

nd 90–140 mg/m 

3 , respectively. 

Various industries across the UK have been affected by COVID- 

9, which has influenced air contamination. As shown in Fig. 12 , 

here were notable drops in the country’s NO 2 emissions on the 

rst day of quarantine ( Khoo, 2020 ). Edinburgh showed the most 

ignificant reduction. The average NO 2 emissions on 26 th March 

020, were 28 μg/m 

3 while on the same day of 2019, this was 74 

g/m 

3 ( Khoo, 2020 ). The second biggest reduction was observed 

n London Westminster where emissions reduced from 58 μg/m 

3 

o 30 μg/m 

3 . Not all cities have seen such a significant decrease, 

ith daily air pollution reducing by 7 μg/m 

3 compared to the pre- 

ious year in Manchester Piccadilly, for example ( Statista, 2020 ). 

.3. PM emission 

The term particulate matter, referred to as PM, is used to iden- 

ify tiny airborne particles. PM forms in the atmosphere when pol- 

utants chemically react with each other. Particles include pollu- 

ion, dirt, soot, smoke, and droplets. Pollutants emitted from ve- 

icles, factories, building sites, tilled areas, unpaved roads and the 

urning of fossil fuels also contribute to PM in the air ( Baensch- 

altruschat et al., 2020 ). Grilling food (by burning leaves or gas 

rills), smoking cigarettes, and burning wood on a fireplace or 

tove also contribute to PM. The aerodynamic diameter is consid- 

red a simple way to describe PM’s particle size as these parti- 

les occur in various shapes and densities. Particulates are usu- 

lly divided into two categories, namely, PM 10 that are inhalable 

articles with a diameter of 10 μm or less and PM 2.5 which are 

ne inhalable particle with a diameter of 2.5 μm or less. PM 2.5 

xposure causes relatively severe health problems such as non- 

atal heart attacks, heartbeat irregularity, increased asthma, re- 

uced lung function, heightened respiratory symptoms, and pre- 

ature death ( Weitekamp et al., 2020 ). 

PM 2.5 also poses a threat to the environment, including lower 

isibility (haze) in many parts of the globe. Particulates can be 

ransported long distances then settle on the ground or in water 

ources. In these contexts and as a function of the chemical com- 

osition, PM 2.5 may cause acidity in lakes and stream water, alter 

he nutrient balance in coastal waters and basins, deplete soil nu- 
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Fig. 9. Changes of NO 2 emission (a) over entire Italy (b) capital city (c) other cities ( European Space Agency (ESA), 2020 ; Atmosphere Monitoring Service, 2020 ). 
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Fig. 9. Continued 

Fig. 10. Comparison between before and after lockdown NO 2 emissions in Spain ( European Space Agency (ESA), 2020 ). 
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rients and damage crops on farms, affect the biodiversity in the 

cosystem, and contribute to acid rain. This settling of PM, together 

ith acid rain, can also stain and destroy stones and other mate- 

ials such as statues and monuments, which include valuable cul- 

ural artefacts ( Awad et al., 2020 ). 
e
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.3.1. PM emission in different countries 

Due to the COVID-19 outbreak, PM emission in most countries 

as been reduced ( Chatterjee et al., 2020 ; Ghahremanloo et al., 

021 ; Gualtieri et al., 2020 ; Sharifi and Khavarian-Garmsir, 2020 ; 

rivastava, 2020 ). Fig. 13 shows the impact of COVID19 on PM 

mission in a number of some countries around the world 
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Fig. 11. Comparison of NO 2 emissions in France before and after lockdown ( European Space Agency (ESA), 2020 ). 

Fig. 12. (a) Changes in NO 2 emissions in the UK during lockdown ( European Space 

Agency (ESA), 2020 ); (b) comparison of NO 2 emissions in 2019 and 2020 

( Khoo, 2020 ). 
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 Myllyvirta, 2020 ). The largest reductions in PM pollution took 

lace in Portugal, with 55%, followed by Norway, Sweden, and 

oland with reductions of 32%, 30%, and 28%, respectively. Spain, 

oland, and Finland recorded PM emission reductions of 19%, 

7% and 16%, respectively. Both Romania and Croatia recorded 

o changes in PM level, with Switzerland and Hungary recording 

bout a 3% increase in PM emission. 

PM emissions have been significantly reduced during the epi- 

emic in most regions of Italy. Fig. 14 illustrates the changes in 

OVID-19 containment emissions before and after a lockdown in 

ajor cities in Italy. According to a recent study by Sicard et al. 

 Sicard et al., 2020 ), lockdown interventions have had a greater ef- 

ect on PM emission. They found that confinement measures re- 

uce PM 10 emissions in all major cities by “around 30% to 53%”

nd “around 35% to 56%”. 

.4. Noise emission 

Noise is characterised as an undesirable sound that may be pro- 

uced from different activities, e.g. transit by engine vehicles and 

igh volume music. Noise can cause health problems and alter the 

atural condition of ecosystems. It is among the most significant 

ources of disruption in people and the environment ( Zambrano- 

onserrate and Ruano, 2019 ). The European Environment Agency 

EEA) states that traffic noise is a serious environmental problem 

hat negatively affects the health and security of millions of citi- 

ens in Europe. The consequences of long-term exposure to noise 

nclude sleep disorders, adverse effects on the heart and metabolic 

ystems, and cognitive impairment in children. The EEA estimates 

hat noise pollution contributes to 48,0 0 0 new cases of heart dis- 

ase and 12,0 0 0 early deaths per year. They also reported chronic 

igh irritation for 22 million people and a chronic high level of 

leep disorder for 6.5 million people ( Lillywhite, 2020 ). 

Most governments have imposed quarantine measures that re- 

uire people to spend much more time at home. This has con- 

iderably reduced the use of private and public transport. Com- 

ercial activities have almost completely stopped. In most cities 

n the world, these changes have caused a significant decline in 

oise levels. This was followed by a significant decline in pollution 

rom contaminants and greenhouse gas emissions. Noise pollution 
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Fig. 13. Reduction of PM emission in different countries ( Myllyvirta, 2020 ). 

Fig. 14. Comparison of PM emission in Italy (a) PM 2.5 emission (b) Changes of PM 2.5 emission (c) PM 10 emission (d) Changes of PM 10 emission ( Sicard et al., 2020 ). 
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rom sources like road, rail or air transport has been linked to eco- 

omic activity. Consequently, we anticipate that the levels of trans- 

ort noise will decrease significantly due to the decreased demand 

or mobility in the short term ( Ro, 2020 ). 

For example, it was obvious that environmental noise in Italy 

as reduced after 8 th March 2020 (the lockdown start date) due 

o a halt in commercial and recreational activities. A seismograph 

acility in Lombardy city in Italy that was severely affected by 

he COVID-19 pandemic indicated how the quarantine measures 

educe both traffic and noise emissions. The comparison of the 

4-hour seismic noise data before and after the lockdown pe- 
353 
iod indicates a considerable drop in environmental noise in Italy 

 Bressan, 2020 ). 

. Impact of COVID-19 on the socio-economic domain 

COVID-19 has created a global health crisis where countless 

eople are dying, human suffering is spreading, and people’s lives 

re being upended ( Nicola et al., 2020 ). It is not only just a health

risis but also a social and economic crisis, both of which are fun- 

amental to sustainable development ( Pirouz et al., 2020 ). On 11 th 

arch 2020, when WHO declared a global pandemic, 118,0 0 0 re- 
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Fig. 15. (a) Quarterly World GDP. 2019:Q1 = 100, dashed line indicates estimates 

from January 2020 WEO; (b) GDP fall due to lockdown in selected countries. 
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orted cases spanning 114 countries with over 4,0 0 0 fatalities had 

een reported. It took 67 days from the first reported case to reach 

0 0,0 0 0 cases, 11 days for the second 10 0,0 0 0, and just four days

or the third ( United Nations Development Programme (UNDP), 

020 ). This has overwhelmed the health systems of even the rich- 

st countries with doctors being forced to make the painful de- 

ision of who lives and who dies. The COVID-19 pandemic has 

ushed the world into uncertainty and countries do not have a 

lear exit strategy in the absence of a vaccine. This pandemic has 

ffected all segments of society. However, it is particularly damag- 

ng to vulnerable social groups, including people living in poverty, 

lder persons, persons with disabilities, youths, indigenous peo- 

le and ethnic minorities. People with no home or shelter such as 

efugees, migrants, or displaced persons will suffer disproportion- 

tely, both during the pandemic and in its aftermath. This might 

ccur in multiple ways, such as experiencing limited movement, 

ewer employment opportunities, increased xenophobia, etc. The 

ocial crisis created by the COVID-19 pandemic may also increase 

nequality, discrimination and medium and long-term unemploy- 

ent if not properly addressed by appropriate policies. 

The protection measures taken to save lives are severely affect- 

ng economies all over the world. As discussed previously, the key 

rotection measure adopted universally is the lockdown, which has 

orced people to work from home wherever possible. Workplace 

losures have disrupted supply chains and lowered productivity. In 

any instances, governments have closed borders to contain the 

pread. Other measures such as travel bans and the prohibition 

f sporting events and other mass gatherings are also in place. In 

ddition, measures such as discouraging the use of public trans- 

ort and public spaces, for example, restaurants, shopping cen- 

res and public attractions are also in place in many parts of the 

orld. The situation is particularly dire in hospitality-related sec- 

ors and the global travel industry, including airlines, cruise com- 

anies, casinos and hotels which are facing a reduction in busi- 

ess activity of more than 90% ( Fernandes, 2020 ). The businesses 

hat rely on social interactions like entertainment and tourism are 

uffering severely, and millions of people have lost their jobs. Lay- 

ffs, declines in personal income, and heightened uncertainty have 

ade people spend less, triggering further business closures and 

ob losses ( Ghosh, 2020 ). 

A key performance indicator of economic health is Gross Do- 

estic Product (GDP), typically calculated on a quarterly or annual 

asis. IMF provides a GDP growth estimate per quarter based on 

lobal economic developments during the near and medium-term. 

ccording to its estimate, the global economy is projected to con- 

ract sharply by 3% in 2020, which is much worse than the 2008 

lobal financial crisis ( International Monetary Fund (IMF), 2020 ). 

he growth forecast was marked down by 6% in the April 2020 

orld Economic Outlook (WEO) compared to that of the Octo- 

er 2019 WEO and January 2020 WEO. Most economies in the ad- 

anced economy group are expected to contract in 2020, including 

he US, Japan, the UK, Germany, France, Italy and Spain by 5.9%, 

.4%, 6.5%, 7.0%, 7.2%, 9.1%, and 8.0% respectively. Fig. 15 a shows the 

ffect of COVID-19 on the GDP of different countries around the 

lobe. On the other hand, economies of emerging market and de- 

eloping economies, excluding China, are projected to contract by 

nly 1.0% in 2020. The economic recovery in 2021 will depend on 

he gradual rolling back of containment efforts in the latter part of 

020 that will restore consumer and investor confidence. Accord- 

ng to the April 2020 WEO, the level of GDP at the end of 2021

n both advanced and emerging market and developing economies 

s expected to remain below the pre-virus baseline (January 2020 

EO Update), as shown in Fig. 15 b. 

A particular example of a country hardest hit by COVID-19 is 

taly. During the early days of March, the Italian government im- 

osed quarantine orders in major cities that locked down more 
354 
han seventeen million people ( Andrews, 2020 ). The mobility in- 

ex data by Google for Italy shows there has been a signifi- 

ant reduction in mobility (and therefore economic activity) across 

arious facets of life. The reported decline of mobility in retail 

nd recreation, grocery and pharmacy, transit stations and work- 

laces were 35%, 11%, 45% and 34% respectively ( Rubino, 2020 ). 

he Italian economy suffered great financial damage from the pan- 

emic. The tourism, and hospitality sectors were among those 

ost severely affected by foreign countries prohibiting travel to 

nd from Italy, and by the government’s national lockdowns in 

arly March ( Brunton, 2020 ). A March 2020 study in Italy showed 

hat about 99% of the companies in the housing and utility sector 

aid the epidemic had affected their industry. In addition, trans- 

ort and storage was the second most affected sector. Around 83% 

f companies operating in this sector said that their activities had 

een affected by the coronavirus ( Statista, 2020 ) pandemic. In April 

020, Italian Minister Roberto Gualtieri estimated a 6% reduction 

n the GDP for the year 2020 ( Bertacche et al., 2020 ). The govern-

ent of Italy stopped all unnecessary companies, industries and 

conomic activities on 21 st March 2020. Therefore The Economist 

stimates a 7% fall in GDP in 2020 ( Horowitz, 2020 ). The Economist 

redicted that the Italian debt-to-GDP ratio would grow from 130% 

o 180% by the end of 2020 ( Brunton, 2020 ) and it is also assumed

hat Italy will have difficulty repaying its debt ( Bertacche et al., 

020 ). 

. Impact of COVID-19 on the energy domain 

COVID-19 has not only impacted health, society and the econ- 

my but it has also had a strong impact on the energy sec- 

or ( Chakraborty and Maity, 2020 ; Abu-Rayash and Dincer, 2020 ). 

orld energy demand fell by 3.8% in the first quarter (Q1) of 2020 
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Table 2 

Impact of COVID-19 on global energy sector ( AEMO, 2020 ; CIS Editorial, 2020 ; Eurelectric, 2020 ; Livemint, 2020 ; Renewable Energy World, 2020 ; S&P Global, 2020 ; 

Madurai Elavarasan et al., 2020 ). 

Country Lockdown start Lockdown end Energy demand 

Australia 23 rd March 2020 15 th May 2020 (Stage 1, for NSW) NSW: Weekday: 8%–10% ↓ (morning) 6%–8% ↓ (afternoon) Weekend: 

5%–6% ↓ (most of the day) 

Belgium 18 th March 2020 19 th April 2020 Substantial ↓ in the industrial and commercial load of 70% 

China 23 rd January 2020 8 th April 2020 8% ↓ (Jan & Feb compared to the same time in 2019) 

France 17 th March 2020 11 th May 2020 6%–12% ↓ (electricity demand) 

Germany 20 th March 2020 20 th April 2020 4%–6% ↓ (electricity demand) 

India 25 th March 2020 4 th May 2020 30% ↓ 
Italy 9 th March 2020 4 th May 2020 10.1% ↓ (March) 22% ↓ (from 22 nd March) 

Portugal 13 th March 2020 11 th April 2020 Overall energy demand ↓ 
Singapore 7 th April 2020 1 st June 2020 8%–9% ↓ 
Spain 14 th March 2020 25 th April 2020 3% ↓ (March) 20% ↓ (April), 72% ↑ (PV generation) 

Netherlands 16 th March 2020 28 th April 2020 Overall energy demand ↓ 
UK 24 th March 2020 11 th May 2020 10% ↓ (after 23 rd March) 

US 20 th March 2020 29 th April 2020 4.2% ↓ (retail sales of electricity) 
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ompared with Q1 2019. In Q1 of 2020, the global coal market was 

eavily impacted by both weather conditions and the downturn in 

conomic activity resulting in an almost 8% fall compared to Q1 

019. The fall was primarily in the electricity sector as a result of 

ubstantial declines in demand (-2.5%) and competitive advantages 

rom predominantly low-cost natural gas. The market for global oil 

as plummeted by almost 5%. Travel bans, border closures, and 

hanges in work routines significantly decreased the demand for 

he use of personal vehicles and air transport. Thus rising global 

conomic activity slowed down the use of fuel for transportation 

 Madurai Elavarasan et al., 2020 ). In Q1 2020, the output from nu-

lear energy plants decreased worldwide, especially in Europe and 

he US, as they adjusted for lower levels of demand. Demand for 

atural gas dropped significantly, by approximately 2% in Q1 2020, 

ith the biggest declines in China, Europe, and the United States. 

n the Q1 2020, the need for renewable energy grew by around 

.5%, driven in recent years by the increasing output of new wind 

nd solar plants. Renewable energy sources substantially increased 

n the electricity generation mix, with record hourly renewable en- 

rgy shares in Belgium, Italy, Germany, Hungary, and East America. 

he share of renewable energy sources in the electricity generation 

ix has increased. Table 2 shows the effect of COVID-19 outbreak 

n the energy demand around the world. 

Different areas have implemented lockdown of various dura- 

ion. Therefore, regional energy demand depends on when lock- 

owns were introduced and how lockdowns influence demand in 

ach country. In Korea and Japan, the average impact on demand is 

educed to less than 10%, with lower restrictions. In China, where 

he first COVID-19 confinement measures were introduced, not all 

egions faced equally stringent constraints. Nevertheless, virus con- 

rol initiatives have resulted in a decline of up to 15% in weekly en-

rgy demand across China. In Europe, moderate to complete lock- 

owns were more radical. On average, a 17% reduction in weekly 

emand was experienced during temporary confinement periods. 

ndia’s complete lockdown has cut energy requirements by approx- 

mately 30%, which indicates yearly energy needs are lowered by 

.6% for each incremental lockdown week ( International Energy 

gency (IEA) 2020 ). 

The International Energy Agency (IEA) has predicted an annual 

verage decline in oil production of 9% in 2020, reflecting a re- 

urn to 2012 levels. Broadly, as electricity demand has decreased by 

bout 5% throughout the year, coal production may fall by 8%, and 

he output of coal-fired electricity generation could fall by more 

han 10%. During the entire year, gas demand may fall far beyond 

1 2020 due to a downward trend in power and industrial ap- 

lications. Nuclear energy demand will also decrease in response 

o reduced electricity demand. The demand for renewable ener- 

ies should grow due to low production costs and the choice of 
355 
ccess to many power systems. Khan et al. (2020) reported that 

nternational trade is significantly and positively dependent on re- 

ewable energy. In addition, sustainable growth can be facilitated 

hrough the consumption of renewable energy which improves the 

nvironment, enhances national image globally and opens up inter- 

ational trade opportunities with environmentally friendly coun- 

ries ( Khan et al., 2021 ). As such, policies that promote renewables 

an result in economic prosperity, create a better environment as 

ell as meet critical goals for sustainable development ( Khan et al., 

020 ). 

. Preventive measures to control COVID-19 outbreak 

COVID-19 is a major crisis needing an international response. 

overnments will ensure reliable information is provided to as- 

ist the public in combating this pandemic. Community health 

nd infection control measures are urgently needed to reduce the 

amage done by COVID-19 and minimise the overall spread of 

he virus. Self-defence techniques include robust overall personal 

ygiene, face washing, refraining from touching the eyes, nose 

r mouth, maintaining physical distance and avoiding travel. In 

ddition, different countries have already taken preventive mea- 

ures, including the implementation of social distancing, medicine, 

orestation and a worldwide ban on wildlife trade. A significant 

im of the community health system is to avoid SARS-CoV-2 trans- 

ission by limiting large gatherings. COVID-19 is transmitted by 

irect communication from individual to individual. Therefore, the 

ey preventive technique is to limit mass gatherings. Table 3 shows 

he impact of lockdown measures on the recovery rate of COVID- 

9 infections. The baseline data for this table is the median value, 

or the corresponding day of the week, during the 5-week period 

 

rd January to 6 th February 2020. 

As of today, no COVID-19 vaccine is available. Worldwide sci- 

ntists are racing against time to develop the COVID-19 vac- 

ine, and WHO is now monitoring more than 140 vaccine can- 

idates. As of 29 th September 2020, about 122 candidates have 

een pre-clinically checked, i.e. determining whether an immune 

esponse is caused when administering the vaccine to animals 

 Biorender, 2020 ). About 45 candidates are in stage I where tests 

n a small number of people are conducted to decide whether it 

s effective ( Biorender, 2020 ). About 29 candidates are in Phase II 

here hundreds of people are tested to assess additional health 

ssues and doses ( Biorender, 2020 ). Only 14 candidates are cur- 

ently in Phase III, where thousands of participants are taking a 

accine to assess any final safety concerns, especially with regard 

o side effects ( Biorender, 2020 ). 3 candidates are in Phase IV, 

here long-term effects of the vaccines on a larger population is 

bserved ( Biorender, 2020 ). The first generation of COVID-19 vac- 
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Table 3 

Mobility index report of different countries ( Ghosh, 2020 ; Johns Hopkins University (JHU), 2020 ; 

Worldometer, 2020 ). 

Country Total population Mobility rate Recovery rate Total Cases Total recovered 

Argentina 45,195,774 -56% 42.63% 153,520 65,447 

Australia 25,499,884 -41% 64.02% 13,948 8,929 

Austria 9,006,398 -100% 89.11% 20,338 18,124 

Belgium 11,589,623 -105% 26.68% 65,199 17,394 

Brazil 212,559,417 -48% 67.81% 2,348,200 1,592,281 

Canada 37,742,154 -67% 87.34% 113,206 98,873 

Chile 19,116,201 -110% 91.91% 341,304 313,696 

Colombia 50,882,891 -73% 48.76% 233,541 113,864 

Czech Republic 10,708,981 -29% 62.48% 15,081 9,422 

Denmark 5,792,202 -93% 91.83% 13,438 12,340 

Finland 5,540,720 -93% 93.67% 7,388 6,920 

France 65,273,511 -100% 44.77% 180,528 80,815 

Germany 83,783,942 -99% 92.44% 205,968 190,400 

Greece 10,423,054 -32% 33.23% 4,135 1,374 

Hong Kong 7,496,981 -10% 59.29% 2,373 1,407 

Hungary 9,660,351 -49% 75.14% 4,424 3,324 

India 1,380,004,385 -65% 63.49% 1,339,176 850,303 

Indonesia 273,523,615 -77% 56.90% 97,286 55,354 

Ireland 4,937,786 -79% 90.40% 25,845 23,364 

Israel 8,655,535 -31% 45.06% 59,475 26,797 

Italy 60,461,826 -52% 80.70% 245,590 198,192 

Japan 126,476,461 -33% 76.29% 27,956 21,328 

Malaysia 32,365,999 -53% 96.74% 8,884 8,594 

Mexico 128,932,753 -69% 64.16% 378,285 242,692 

Netherlands 17,134,872 -97% 11.65% 52,837 6,158 

New Zealand 4,822,233 -21% 97.24% 1,556 1,513 

Norway 5,421,241 -100% 95.40% 9,092 8,674 

Philippines 109,581,078 -87% 32.84% 78,412 25,752 

Poland 37,846,611 -36% 76.06% 42,622 32,419 

Portugal 10,196,709 -65% 69.80% 49,692 34,687 

Singapore 5,850,342 -105% 90.55% 49,888 45,172 

South Africa 59,308,690 -74% 58.24% 421,996 245,771 

South Korea 51,269,185 -4% 91.30% 14,092 12,866 

Spain 46,754,778 -67% 47.07% 319,501 150,376 

Switzerland 8,654,622 -101% 88.92% 34,302 30,500 

Taiwan 23,816,775 4% 96.07% 458 440 

Thailand 69,799,978 -36% 94.73% 3,282 3,109 

USA 331,002,651 -56% 47.74% 4,248,759 2,028,361 

UK 67,886,011 -82% 0.48% 297,914 1,427 

Vietnam 97,338,579 15% 87.53% 417 365 
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ines is expected to gain approval by the end of 2020 or in early 

021 ( Peiris and Leung, 2020 ). It is anticipated that these vaccines 

ill provide immunity to the population. These vaccines can also 

educe the transmission of SARS-CoV-2 and lead to a resumption 

f a pre-COVID-19 normal. Table 4 shows the list of vaccines that 

ave been passed in the pre-clinical stage. In addition, according to 

he COVID-19 vaccine and therapeutics tracker, there are 398 ther- 

peutic drugs in development. Of these, 83 are in the pre-clinical 
Table 4 

List of vaccines that have passed the pre-clinical stage ( Biorender, 2020 ). 

Name Organisation 

Oral Polio Vaccine Bandim Health Project 

Bacille Calmette-Guerin Multiple Organisations 

Measles-Mumps-Rubella 

Vaccine 

Multiple Organisations 

IMM-101 Multiple Organisations 

BACMUNE (MV130) Inmunotek S.L., BioClever 2005 S.L. 

mRNA-1273 Multiple Organisations 

CoronaVac Sinovac Biotech Co., Butantan Institute 

AZD1222 (ChAdOx1 nCoV-19) Multiple Organisations 

NasoVAX Altimmune, Inc. 

LV-SMENP-DC Shenzhen Geno-Immune Medical Institute

356 
hase, 100 in Phase I, 224 in Phase II, 119 in Phase III and 46 in

hase IV ( Biorender, 2020 ). 

In addition to the above, forestation and a worldwide ban on 

ildlife trade can also play a significant role in reducing the spread 

f different viruses. More than 30% of the ground area is cov- 

red with forests. The imminent increase in population contributes 

o deforestation in agriculture or grazing for food, industries and 

roperty. The rise in ambient temperature, sea levels and extreme 
Technology Stage Clinical Trial # 

Repurposed Phase IV NCT04445428 

Repurposed Phase III/IV NCT04328441 

Repurposed Phase III NCT04357028 

Repurposed Phase III NCT04442048 

Repurposed Phase III NCT04452643 

RNA-based 

vaccine 

Phase I/II/III NCT04283461 

Inactivated 

virus 

Phase I/II/III NCT04352608 

Non-replicating 

viral vector 

Phase I/II/III NCT04324606 

Repurposed Phase II NCT04442230 

 Modified APC Phase I/II NCT04276896 

( continued on next page ) 
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Table 4 ( continued ) 

Name Organisation Technology Stage Clinical Trial # 

Ad5-nCoV Multiple Organisations Non-replicating 

viral vector 

Phase I/II NCT04313127 

INO-4800 Multiple Organisations DNA-based Phase I/II NCT04336410 

Unnamed Inactive Vaccine - 

Wuhan 

Wuhan Institute of Biological Products, Sinopharm Inactivated 

virus 

Phase I/II 

ChiCTR2000031809 

BBIBP-CorV Beijing Institute of Biological Products, Sinopharm Inactivated 

virus 

Phase I/II 

ChiCTR2000032459 

BNT162 (a1, b1, b2, c2) Biontech RNA Pharmaceuticals GmbH, Pfizer RNA-based 

vaccine 

Phase I/II EudraCT 2020- 

001038-36 

KBP-COVID-19 Kentucky BioProcessing, Inc. Protein subunit Phase I/II NCT04473690 

LUNAR-COV19 (ARCT-021) Arcturus Therapeutics, Inc., Duke-NUS RNA-based 

vaccine 

Phase I/II NCT04480957 

COVAC 1 Imperial College London, Morningside Ventures RNA-based 

vaccine 

Phase I/II IRAS-Number: 

279315 

AG0301-COVID19 AnGes, Inc.,Japan Agency for Medical Research and 

Development 

DNA-based Phase I/II NCT04463472 

V-SARS Immunitor LLC Inactivated 

virus 

Phase I/II NCT04380532 

AV-COVID-19 Aivita Biomedical, Inc. Modified APC Phase I/II NCT04386252 

Unnamed Inactive Vaccine - 

Yunnan 

Multiple Organisations Inactivated 

virus 

Phase I/II NCT04412538 

Gam-COVID-Vac Gamaleya Research Institute of Epidemiology and 

Microbiology, Health Ministry of the Russian 

Federation, Acellena Contract Drug Research and 

Development 

Non-replicating 

viral vector 

Phase I/II NCT04437875 

AlloStim Immunovative Therapies, Ltd., Mirror Biologics, Inc. Other Phase I/II NCT04441047 

GX-19 Genexine, Inc. DNA-based Phase I/II NCT04445389 

BBV152A, B, C Bharat Biotech International Limited,Indian Council of 

Medical Research 

Inactivated 

virus 

Phase I/II NCT04471519 

bacTRL-Spike Multiple Organisations DNA-based Phase I NCT04334980 

NVX-CoV2373 Novavax Protein subunit Phase I NCT04368988 

COVID-19/aAPC Vaccine Shenzhen Geno-Immune Medical Institute Modified APC Phase I NCT04299724 

Unnamed VLP Vaccine Medicago Inc. Virus-like 

particle 

Phase I NCT04450004 

CVnCoV CureVac AG, Coalition for Epidemic Preparedness 

Innovations (CEPI) 

RNA-based 

vaccine 

Phase I NCT04449276 

SCB-2019 Clover Biopharmaceuticals Protein subunit Phase I NCT04405908 

COVAX-19 Multiple Organisations Protein subunit Phase I NCT04428073 
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eather events affects not only the land and environment but 

lso public health ( Ruscio et al., 2015 ; Arora and Mishra, 2020 ).

uge investment has been made into treatments, rehabilitation 

nd medications to avoid the impact of this epidemic. However, 

t is important to focus on basic measures, e.g. forestation and 

ildlife protection. The COVID-19 infection was initially spread 

rom the Seafood Market, Wuhan, China. Therefore, China tem- 

orarily banned wildlife markets in which animals are kept alive 

n small cages. It has been reported that 60% of transmittable dis- 

ases are animal-borne, 70% of which are estimated to have been 

orne by wild animals ( Chakraborty and Maity, 2020 ). Deforesta- 

ion is also related to various kinds of diseases caused by birds, 

ats, etc. ( Afelt et al., 2018 ). For example, COVID-19 is a bat-borne

isease that is transmitted to humans. Therefore, several scientists 

ave advised various countries to ban wildlife trade indefinitely so 

hat humans can be protected from new viruses and global pan- 

emics like COVID-19. 

. Conclusion 

In this article, comprehensive analyses of energy, environmen- 

al pollution, and socio-economic impacts in the context of health 

mergency events and the global responses to mitigate the ef- 

ects of these events have been provided. COVID-19 is a worldwide 

andemic that puts a stop to economic activity and poses a se- 

ere risk to overall wellbeing. The global socio-economic impact of 

OVID-19 includes higher unemployment and poverty rates, lower 

il prices, altered education sectors, changes in the nature of work, 

ower GDPs and heightened risks to health care workers. Thus, so- 
a

357 
ial preparedness, as a collaboration between leaders, health care 

orkers and researchers to foster meaningful partnerships and de- 

ise strategies to achieve socio-economic prosperity, is required to 

ackle future pandemic-like situations. The impact on the energy 

ector includes increased residential energy demand due to a re- 

uction in mobility and a change in the nature of work. Lockdowns 

cross the globe have restricted movement and have placed peo- 

le primarily at home, which has, in turn, decreased industrial and 

ommercial energy demand as well as waste generation. This re- 

uction in demand has resulted in substantial decreases in NO 2, 

M, and environmental noise emissions and as a consequence, a 

ignificant reduction in environmental pollution. Sustainable urban 

anagement that takes into account the positive benefits of eco- 

ogical balance is vital to the decrease of viral infections and other 

iseases. Policies that promote sustainable development, ensuring 

ities can enforce recommended measures like social distancing 

nd self-isolation will bring an overall benefit very quickly. The 

rst generation of COVID-19 vaccines is expected to gain approval 

y the end of 2020 or in early 2021, which will provide immunity 

o the population. It is necessary to establish preventive epidemio- 

ogical models to detect the occurrence of viruses like COVID-19 in 

dvance. In addition, governments, policymakers, and stakeholders 

round the world need to take necessary steps, such as ensuring 

ealthcare services for all citizens, supporting those who are work- 

ng in frontline services and suffering significant financial impacts, 

nsuring social distancing, and focussing on building a sustainable 

uture. It is also recommended that more investment is required in 

esearch and development to overcome this pandemic and prevent 

ny similar crisis in the future. 
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