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Abstract 
 

Here, we evaluate the COVID-19 associated challenges and opportunities surrounding the water, air, agriculture and energy 

sectors, the four major elements to sustain life on earth with strong implications on food security and the environment. During 

this pandemic, significant improvements in the quality of air and water resources have been noted. The tracking of SARS-CoV-

2, the etiologic agent of COVID-19, in wastewater allowed wastewater-based epidemiology for this disease. However, the 

presence of SARS-CoV-2 in wastewater and the increased use of antimicrobials for personal hygiene and environmental 

disinfection can have serious consequences on the environment and public health. Air pollutants and greenhouse gases have 

been significantly reduced except for ozone that increased due to the decline in NOx. Tackling air pollution is important due to 

its role in spreading and worsening the COVID-19. Similarly, this pandemic has a strong impact on crop production systems, 

livestock industry, food supply chain and global food security. The zoonotic nature of this disease could change human 

interactions with wildlife and companion animals, but clear strategies are needed to safeguard both human health and 

biodiversity throughout the COVID-19 recovery. Owing to the advantages of renewable energy highlighted during COVID-19, 

suitable investments should be dedicated to cleaner and sustainable energy infrastructure in revival plans. © 2021 Friends 

Science Publishers 
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Introduction 

 

The ongoing pandemic of the coronavirus disease 2019 

(COVID-19) is a major global health crisis with 

unprecedented impacts on the economy, society, 

environment, and sustainable development. This disease was 

first reported in Wuhan, China in December 2019. 

Approximately three months later (on March 11th, 2020), the 

World Health Organization (WHO) declared this a public 

health emergency of international concern on January 30th, 

2020. This has been the sixth global health emergency after 

Ebola (two outbreaks), Zika, polio and swine flu (WHO 

2020). Marking six months of this emergency on July 30th, 

2020, WHO stated that COVID-19 is easily the most severe 

global health emergency ever declared by the WHO (WHO 

2020). At the time of writing, this pandemic is affecting 213 

countries/territories leading to over 107 million infected 

people, more than 2.3 million deaths, sending billions of 

people into lockdowns (Worldometers 2020). For the 

moment, this disease does not have any universal treatment 

and vaccine. After successfully slowing the outbreak, many 

countries across the world are experiencing resurgence in 

COVID-19 cases building as the second wave of the virus. 

The extent of the pandemic and its eventual impacts are 

uncertain. Therefore, necessary counter measures to this 

pandemic and the resulting disruption or decline in demand 

for services and products will likely to remain in place for 

months. Governments are responding at local, national, 

regional and global levels in the face of an evolving body of 

evidence and other circumstances. For that, authorities and 

scientific community are seeking emergent insights to tackle 

this pandemic with an emphasis on saving lives. In addition 
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to the immediate health impacts, governments and policy 

makers should also consider the effects of this pandemic on 

other sectors for an effective response to this crisis. 

Water, air, agriculture, and energy sectors are the four 

major elements that play a central role to sustain life on earth 

(Vasel-Be-Hagh and Ting 2020). This manuscript is intended 

to provide insights into the implications of COVID-19 in 

these sectors (Fig. 1). COVID-19 has posed severe 

challenges to these sectors while opening new research 

avenues and opportunities. Here, we critically evaluate the 

implications of this crisis for water resources, air pollution, 

crop production and food security, pets, wild animals and 

livestock, and energy industry worldwide. Provided below is 

a brief description of the challenges and opportunities posed 

by COVID-19 in the water, air, agriculture and energy 

sectors. A better understanding of the implications of 

COVID-19 in these sectors will provide useful insights to the 

researchers, policy makers and governments. These 

implications should be considered in COVID-19 response 

policy to avoid the secondary crisis to the health and 

environment. 

 

COVID-19 and water sector 

 

COVID-19 and improved water quality: Significant 

improvements in the quality of water resources (surface as 

well as ground water) have been reported amid COVID-19 

due to strict lockdown measures. For example, Yunus et al. 

(2020) used remote sensing to assess the impact of the 

lockdown on the quality of the Vembanad Lake, the longest 

freshwater lake in India. They noted a significant decline (by 

about 10–36%) in the suspended particulate matter (SPM) of 

the lake due to the lockdown. Moreover, the time-based 

analysis of the satellite images from April 2013 to April 

2020 highlighted the lowest SPM contents in April 2020 for 

11 out of the 20 zones of the studied lake. When compared 

with these past years, the percentage decrease in SPM for 

April 2020 is up to 34% from the previous minima. Patel et 

al. (2020b) analyzed the effect of the lockdown on the 

Yamuna river (stretched within Delhi). On the basis of 

physico-chemical measurements in nine monitoring stations, 

they reported that the measured biological oxygen demand 

(BOD) and chemical oxygen demand (COD) average values 

decreased by about 43 and 39%, respectively as compared to 

the pre-lockdown phase. Moreover, the exploitation of 

satellite images before and during the lockdown showed a 

marked drop in the estimated turbidity and SPM contents. 

A similar trend has been also reported in Italy for 

Venice lagoon (Braga et al. 2020). Indeed, the comparative 

analysis of high-resolution satellite images before and during 

the lockdown witnessed a decrease in turbidity in the airport-

city route and the airport water terminal. At these locations, 

the estimated turbidity values decreased to about 5 NTU 

which is similar to the values normally found in the lagoon 

areas around the city. Mandal and Pal (2020) explored the 

impact of halting stone quarrying and crushing activities in 

the middle catchment of the Dwarka river basin (eastern 

India) on the quality of adjacent rivers water and other 

environmental components. They found that the interruption 

of the dust release improved the water quality. Indeed, the 

average pH and dissolved oxygen values of four selected 

clusters have decreased from 8.8 to 7.2 and increased from 

3.2 to 4.0 mg L-1, respectively. The effect was particularly 

prominent for total dissolved solids contents which were 

reduced (from 2382.5 mg L-1) by a factor of about 2.2 

(Mandal and Pal 2020). 

In addition to the effects on surface water quality, the 

impact of the lockdown on groundwater quality has also 

been evaluated (Selvam et al. 2020). Changes in physico-

chemical and biological characteristics of groundwater 

samples have been recorded at 11 locations in the coastal 

industrial city of Tuticorin (south India). Due to the minimal 

agricultural and industrial activities, the concentrations of 

NO3 in groundwater decreased from 35–98 mg L-1 (before 

the lockdown) to 20–42 mg L-1 (during the lockdown). In 

addition, the contents of toxic metals (average of the 11 

locations) also decreased. The highest decrease percentages 

were observed for Cd, Pb, As and Fe with values of 50, 50, 

51 and 60%, respectively. Concerning the biological 

parameters, the authors reported an average decrease in 

percentages of fecal coliforms and total coliforms of 48 and 

52%, respectively. However, due to the low common 

groundwater velocities (several cm/day), these results have 

to be confirmed through a deeper analysis of: i) pollutants 

contents variation according to the distance between the 

sampled wells and industries, ii) the possible dilution effect 

due to the important observed rainfalls during the lockdown 

period compared to previous years (Patni and Jindal 2020). It 

should be noted that lockdown measures declined water 

consumption in the public, industrial, and commercial 

categories while increasing it in the residential category 

(Kalbusch et al. 2020). 

As the lockdown measures being eased, industries are 

resuming their activities with the same associated pollution 

risks of the water resources observed before the COVID-19 

pandemic. It is therefore very important to stimulate the 

sustainable and eco-friendly management of the produced 

solid and liquid wastes by the concerned economic sectors. 

At the same time, the active engagement of stakeholders and 

the updating of the existing water-related-laws have to be 

urgently promoted (Hallema et al. 2020). Moreover, the 

safety of stagnant water in unused buildings, that may harbor 

pathogens and toxic metals (leaching out of pipes), should 

also be considered in reopening policy to avoid a secondary 

health crisis (Viglione 2020). 

 

SARS-CoV-2 in wastewater and its implications 

 

Recent research has demonstrated that COVID-19 infected 

people, even those who do not develop symptoms, discharge 

its causative virus (SARS-CoV-2) through their excrement 

(Medema et al. 2020). Therefore, researchers in many 
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countries are analyzing the municipal wastewater for SARS-

CoV-2 virus to track the prevalence of infection (Bivins et al. 

2020). After its first detection in wastewater in the 

Netherlands (Lodder and Husman 2020), SARS-CoV-2 has 

been identified in wastewater in many countries such as 

Australia (Ahmed et al. 2020), France (Wurtzer et al. 2020), 

Germany (Westhaus et al. 2021), Italy ( Rosa et al. 2020), 

U.S.A. (Wu et al. 2020b), etc. Moreover, people excrete this 

virus early in the progression of the disease, well before they 

develop symptoms, which allows the detection of this virus 

in untreated wastewater before the clinical confirmations 

(Medema et al. 2020). Therefore, tracking wastewater could 

serve as an early warning tool and complementary approach 

for authorities to track the prevalence of infection (Ahmed et 

al. 2020; Bivins et al. 2020; Rosa et al. 2020; Lodder and 

Husman 2020; Wu et al. 2020a; Wurtzer et al. 2020; 

Westhaus et al. 2021). Collection and interpretation of data 

for wastewater surveillance is an emerging field and therefore 

can be challenging. For this, it would be essential to set 

minimum criteria for sampling locations, establish sampling 

harmonization, develop laboratory analysis methods, quality 

control to ensure cross laboratory comparability, and 

collaborate internationally (Bivins et al. 2020; O'Reilly et al. 

2020). 

However, the existence of SARS-CoV-2 in wastewater 

and that too in high titers, can have potential health risks 

(Kitajima et al. 2020; Quilliam et al. 2020). Although there 

is currently no evidence of SARS-CoV-2 transmission via 

exposure to wastewater, it remains a significant possibility 

particularly in developing communities with weak water and 

wastewater infrastructure (Usman et al. 2020b). Similarly, 

researchers have also raised concerns about the 

environmental transmission of SARS-CoV-2 in recreational 

water (Cahill and Morris 2020), river water (Guerrero-

Latorre et al. 2020). Similarly, the transmission of this virus 

remains a significant possibility when virus-laden aerosols 

are formed such as during toilet flushing, wastewater 

treatment and sprinkler irrigation (Bogler et al. 2020; Usman 

et al. 2021). A quantitative microbial risk assessment 

(QMRA) of this virus was performed for workers at 

wastewater treatment plants (WWTPs) for three COVID-19 

scenarios (moderate, aggressive and extreme) (Zaneti et al. 

2021). In the latter two scenarios, the probability of infection 

to workers was above the tolerable infection risks. This 

situation highlights the necessity to integrate the safety of 

wastewater management, recreational water environments, 

and drinking water supply in the fight against the virus. 

Moreover, the health of workers at sanitation treatment 

facilities should also be protected by following the best 

safety practices. Research is needed regarding the 

persistence, transmission, and fate of SARS-CoV-2 in 

wastewater and the environment to better understand its 

implications in public health and ecology. Considering the 

concerns about the fecal-oral transmission of SARS-CoV-2, 

wastewater disinfection has gained significant importance 

(Huraimel et al. 2020; Kitajima et al. 2020; Usman et al. 

2020b). However, disinfectant residues and disinfection 

byproducts could threaten the aquatic ecosystem due to their 

ecotoxicological effects (Luan et al. 2020) (as highlighted in 

Section 2.3). 

 

Increased use of antimicrobials amid COVID-19 is 

threatening water quality and antimicrobial resistance 

 

Researchers have been raising concerns regarding the impact 

of COVID-19 in the propagation of the antimicrobial 

resistance (AMR) in acute care settings (Rawson et al. 

2020a) and the environment (Usman et al. 2020a). It has 

been reported that the use of broad-spectrum antimicrobials 

is high despite low bacterial and fungal co-infection in 

COVID-19 patients (Rawson et al. 2020b). Another potential 

concern in this context is the increasing use of non-

therapeutic antimicrobials for personal hygiene and 

environmental disinfection, particularly in non-health-care 

settings (Usman et al. 2020b). Biocides in these 

antimicrobial products are not eliminated by existing 

wastewater treatment techniques (Kümmerer et al. 2018) and 

thus, they are frequently detected in the aquatic environments 

(Patel et al. 2019). Low-level exposure to these antimicrobial 

agents can stimulate AMR in the environment posing risks to 

Wastewater quality

Risks of SARS-CoV-2 transmission

Wastewater based epidemiology

Air quality mostly improved (PM, NOx, SOx decreased, O3 increased)

Demand of energy reduced

Agricultural systems and food security affected

In the era of COVID-19:

Implications in climate change

Significance of renewable energy highlighted

Livestock and wildlife

 
 

Fig. 1: Major implications of COVID-19 on water, air, agriculture and energy sectors 
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the exposed populations (Usman et al. 2020a). Moreover, the 

existence of these biocides could disrupt the wastewater 

treatment processes relying on microbial activity (Luan et al. 

2020; McNamara et al. 2014). Therefore, COVID-19 has 

broader implications in inducing AMR and increasing 

pharmaceutical contamination in the environment. For this, 

the impact of both therapeutic and non-therapeutic 

antimicrobials should be evaluated to better understand the 

implications of COVID-19 (Race et al. 2020; Usman et al. 

2020a). Moreover, investments into effective wastewater 

treatment are called for as most of the traditional treatment 

systems are not designed to remove emerging environmental 

pollutants i.e., pharmaceuticals and personal care products. 

 

COVID-19 and air quality 

 

COVID-19 has influenced human society at large, including 

health, economic systems and human relationships. An 

unforeseen regional effect has resulted from an international 

reaction involving business activities closures and social 

distancing. While the severe health consequences of 

COVID-19 remain a key concern, the pandemic may affect 

other factors such as the risks of air pollution on health, but 

this remains unclear (Berman and Ebisu 2020). Exposure to 

air pollution is a major risk factor for cardiovascular and 

respiratory diseases (Burnett et al. 2018). Understanding the 

extent to which severe behavioral disruptions caused by 

COVID-19 impacts air pollution is a key tool for health and 

air pollution control. A decline in anthropogenic air pollution 

in countries reacting to COVID 19 has been reported in early 

assessments as highlighted below. 

The satellite-derived levels of nitrogen dioxide (NO2) 

in eastern and central China detected by NASA Earth 

Observatory at the beginning of 2020 were 10–30% lower 

than those in 2019 (Vettore 2020). Due to the COVID-19 

pandemic outbreak in Wuhan, Chinese authorities stopped 

transportation and travel in and out of this province (Huang 

et al. 2020). They also reduced local travel and stopped 

schools, colleges, and universities to minimize the spread of 

the disease (Wilder-Smith and Freedman 2020). NO2 is a 

typical tracer of heavy industrial activities and air pollution 

correlated with premature mortality. The drop in NO2 

emissions first appeared close to Wuhan but spread across 

the rest of the country and gradually worldwide (Vettore 

2020). CO2 emissions have declined by 25% in China and 

6% in the world as a further standard air pollution tracer 

(Dutheil et al. 2020). A similar substantial decrease in air 

pollution across European cities has been reported by the 

European Environment Agency (EEA 2020). From 16–22 

March 2020, Bergamo, Italy, and Barcelona, Spain recorded 

a 47 and 55% decline in NO2 as compared with the same 

date of 2019 (Berman and Ebisu 2020). The traffic flows 

decreased by 60–80% in New Zealand as a result of a 

government-led effort to curb the virus by restricting 

transportation to essential services. During the period of 

COVID-19 lockdown, the observations suggest that NO2 has 

been decreased by only 34–57% and BC by 55–75%. The 

PM2.5 and PM10 reduction were found significantly less (8–

17% for PM2.5 and 7–20% for PM10) (Patel et al. 2020a). 

The presumption that the COVID-19 lockdown has 

lowered the air pollution concentrations in the troposphere 

and the ground level was cheeked using satellite data and a 

network of > 10,000 air quality stations. The analysis shows 

a decrease in the population-weighted concentration of 

ground-level nitrogen dioxide (NO2: 60 percent with 95 

percent CI 48 to 72 percent) and fine particulate matter 

(PM2.5: 31 percent; 95 percent CI: 17 to 45 percent), in 34 

countries during the lockout period until May 15, 2020. 

Except ozone, tropospheric satellite measurements indicate 

slightly fewer spatial reductions in pollutant anomalies due 

to complex NOx chemistry and long-distance fine-particulate 

transportation with a diameter of fewer than 2.5 μm (PM2.5) 

(Venter et al. 2020). Empirical results for the link between 

declines in global car transport and reductions in ambient 

NO2 exposure were established with the use of mobility data 

from Google and Apple. Although the global lockdown 

situation is not sustainable, the results draw attention to the 

ability to reduce risk to public health by minimizing' business 

as usual air pollutant emissions from economic activities. A 

study in major livestock provinces in northern Italy revealed 

that emissions of NOx and PM2.5 were reduced as their major 

sources, traffic and industrial activities have been halted 

(Lovarelli et al. 2020). However, the emission of NH3 

(mainly released from the agriculture sector) was not reduced 

as agricultural activities were not stopped during this period 

(Lovarelli et al. 2020). A global analysis of emissions of 

greenhouse gases (GHGs) and other air pollutants revealed 

that global NOx reduced by 30% in April 2020 causing a 

short-term cooling (Forster et al. 2020). However, authors 

suggested that observed cooling trend is offset by a ~20% 

decline in global SO2 emissions that reduces the aerosol 

cooling effect, contributing short-term warming. Therefore, 

authors estimated that direct effect of the outbreak-driven 

response will be negligible (Forster et al. 2020). Though 

global emissions of GHGs and other air pollutants suddenly 

reduced during this pandemic, a better understanding of the 

complex chemistry of pollutant formation is required to 

elucidate their impact. 

It should be noted that most of the scientific literature 

focused on COVID-19 associated reductions in NOx and 

PM. There could be an imbalance of pollutants due to the 

reductions in NOx and PM, while other pollutants like ozone 

(O3) have received poor consideration though their 

concentration could vary due to changes in NOx. In this 

context, Sharma et al. (2020) analyzed the concentration of 

PM10, PM2.5, CO, NO2, O3 and SO2 in 22 cities in different 

regions of India between March 16 and April 14 of 2017–

2020. Compared to the previous years, they noted a 43, 31, 

10, and 18% decline in PM2.5, PM10, CO, and NO2, 

respectively. At the same time, O3 increased by 17%, and 

SO2 improvements were negligible. In North, South, East, 

Central and West India, the air quality index (AQI) 
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decreased by 44, 33, 28, 15 and 32%, respectively (Sharma 

et al. 2020). In Hangzhou (China), Wang et al. (2020a) noted 

a sharp decline in the concentrations of PM2.5, PM10, CO and 

NO2 concentrations. However, concentration of O3 increased 

by 145% in the urban areas during the lockdown which has 

been correlated to its weakened titration by NO, due to its 

reduced emission, during the non-photochemical reaction 

(Wang et al. 2020a). 

Similarly, lockdown in Milan, Italy significantly 

increased (by a factor of 2.25) ground level O3 

concentrations, while levels by NO2 were decreased by 64% 

(Zoran et al. 2020). Moreover, authors noted negative 

correlations between the total COVID-19 infections and NO2 

while infections were positively correlated with ambient 

ground ozone levels suggesting the possible role of 

possibility as O3 as SARS-CoV-2 incubator (Zoran et al. 

2020). 

Therefore, improving air quality could have a crucial 

role in overcoming the pandemic. A nationwide study in the 

United States suggested that air pollution, particularly PM2.5, 

has significantly worsened the outbreak and COVID-19 

death counts (Wu et al. 2020b). They found that an increase 

of just 1 μg/m3 in PM2.5 corresponded to an 8% increase in 

the COVID-19 death rate. Detection of SARS-CoV-2RNA 

on particulate matter (PM10) of Bergamo in Northern Italy 

suggested the role of air pollution particles as vehicles for 

viral transmission (Setti et al. 2020). In addition to the direct 

role of PM as a carrier of SARS-CoV-2, Tung et al. (2020) 

proposed that exposure to PM indirectly increases 

angiotensin-converting enzyme 2 (ACE2) expression in the 

lungs which facilitates the adhesion of this virus. According 

to the European Public Health Alliance, air pollution is also 

known to have a negative impact on the immune system 

which could explain the strong correlation between air 

pollution and the outbreak (Vettore 2020). Therefore, 

tackling air pollution should constitute an important part of 

easing lockdown. However, further research is required to 

better understand the complex chemistry of air pollutant 

formation, transport, and temporal variability is required. 

Moreover, a better understanding of the role of 

meteorological conditions in dictating the concentration of 

air pollutants is required. For example, despite reduced 

activities, the occurrence of severe air pollution episodes has 

been associated with unfavorable meteorology in a 

modelling study in China (Wang et al. 2020b). Therefore, 

the role of meteorology should also be considered in 

designing emission control strategies. 

 

COVID-19 and agriculture sector 

 

COVID-19 and crop production with implications in 

food security: COVID-19 has a strong impact on crop 

production systems, supply chain, and global food security 

(Torero 2020). The shortage of workforce (due to restrictions 

on movement, and rules for social distancing) are affecting 

the producers, processors, and transport companies in the 

food supply chains (World-Bank 2020). There are reports of 

wastage of fresh fruits and vegetables, poultry, livestock, and 

dairy products due to the inability of farmers or 

entrepreneurs to transfer them from the production point to 

the local markets, supermarkets, or processing centers in the 

neighboring towns or cities (Yaffe-Bellany and Corkery 

2020). 

Global production of the most consumed grain crops 

(rice, wheat and maize) remained excellent. However, prices 

for some cash crops, a major source of income in rural areas, 

have been affected by the slowdown in global demand 

(World-Bank 2020). Moreover, the indirect effects of the 

epidemic on agricultural systems are visible all over the 

world. The massive drop in demand for restaurants and 

commercial food services, coupled with restrictions on 

employment and/or processing and storage capacity, caused 

farmers to abandon their mass production. Quarantine 

measures have greatly affected the availability of labor force 

reduced in the food production cycle, from growing 

vegetable crops to fruit harvesting, and livestock and poultry 

production and processing systems (Stephens et al. 2020). 

The time of different agricultural activities is often inflexible 

due to the seasonal nature of the work (Stephens et al. 2020). 

If farm tasks are not carried out on time, crops ready for 

harvest may be lost while cultivation may not be possible, 

which poses a challenge to future food availability. Thus, 

food production systems can collapse with devastating 

effects on global food security (FAO 2020a). With the 

further spread of the pandemic, these impacts are likely to be 

felt more widely and deeply in the national economies. 

COVID-19 is massively affecting the access to food, 

one of the four pillars of food security. COVID-19-driven 

increase in poverty and declines in income would force the 

poor and near-poor people to switch to cheaper and less 

nutritious foods (Laborde et al. 2020). Countries highly 

dependent on exports of basic products (food, raw materials, 

and fuel) are affected by the significant decrease in demand 

in the developed world. For example, several African 

countries cannot export their products, so their income will 

continue to decline (FAO 2020c). Some countries have also 

imposed export restrictions limiting the market access and 

global agricultural trade (Laborde 2020) that will further 

worsen the situation. 

The COVID-19 pandemic affects international 

relations beyond the labor force in the agricultural sector. 

Ports that are closed or working with limited activities have 

significantly reduced the cargo capacity for shipments of 

agricultural inputs and products, in addition to other 

widespread disruptions to the global supply chain due to the 

COVID-19 crisis (Ivanov 2020). 

The existing crop production systems provide little 

flexibility for different crises, epidemics, and pandemics 

(Stephens et al. 2020). The small farms use the family 

workforce, and therefore are less dependent on external paid 

work and are more flexible than the large farms that rely on 

external work (Stephens et al. 2020). The task-specific farm 
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machinery needs to be designed and promoted for efficiency 

and to reduce dependence on human labor in farming 

systems. New policies should be formulated to protect the 

farming systems from similar shocks in the future. 

Conservation agriculture practices and legume-based 

cropping systems may be promoted to reduce the overall 

degradation of the soil and environmental health and 

improve the resilience of farming systems (Cortignani and 

Dono 2020). The urban agriculture and home gardening can 

help improve the food and nutritional security during and 

after the COVD-19 pandemic (Lal 2020). 

The movement of seasonal workers and transport 

companies across national and international borders may be 

eased down with strict compliance of safety measures and 

protocols. The processing industries may develop warehouse 

facilities, such as warehouse receipt system platforms, where 

farmers can deliver their products. The local fruits and 

vegetable markets may be shifted to larger locations while 

ensuring appropriate infrastructure to maintain food quality 

and safety (FAO 2020c). 

Management of pests and diseases affecting 

agricultural crops is an important step towards sustaining 

crop production and ensuring food security. Although 

COVID-19 does not cause diseases in plants (Shahid and Al-

Sadi 2020), it has on the other hand impacted efforts to 

manage plant diseases in different countries. Plant disease 

diagnosis by some extension offices has been affected 

(Keygrains 2020). Other effects of COVID-19 on this sector 

include effects on the manufacturing, export, import and 

application of pesticides. This indicates that the efficiency in 

managing plant diseases and pests will be affected, which 

will ultimately affect crop growth and yield. In addition, the 

uncertainty of whether fruits and vegetables could be surface 

contaminated with COVID-19 is likely to reduce the demand 

for fruit and vegetables (Shahid and Al-Sadi 2020). 

The importance and severity of the epidemic, and its 

potential impact on agriculture around the world, require 

major repercussions. The potential risks, weaknesses and 

unexpected systemic changes in the food and agriculture 

sector should be mapped to understand the short-term and 

long-term or permanent effects. 

 

COVID-19 and animals 

 

COVID-19 is believed to be originated from a wet market in 

Wuhan, China dealing with live exotic animals. This lead to 

the speculation of a possible spill over of the virus from wild 

animals to human as has been the case in past epidemics 

such as Ebola (bush animals), MERS (camelids), SARS 

(civets) and Nipah (fruit bats) (Hernández et al. 2020). 

Similar to the MERS and SARS, the diseases caused by 

other corona viruses, COVID-19 has also been postulated to 

be transmitted from bats (Boni et al. 2020). The exact route 

of its transmission to humans remains elusive at this point in 

time. However, the possible involvement of snakes and 

pangolins as intermediate hosts has been speculated (Peeri et 

al. 2020; Zhang et al. 2020). In this context, China has 

banned the trade of wild animals (Zhou et al. 2020). 

However, researchers fear that complete bans may not work 

as most of the trade of wildlife is illegal and non-regulated 

(Zhou et al. 2020). Moreover, a complete ban on wildlife 

consumption is not enough (Wang et al. 2020c), but clear 

strategies are needed to safeguard both human health and 

biodiversity throughout the COVID-19 recovery (Pearson et 

al. 2020). It is of paramount importance to practice personnel 

hygiene while dealing with wildlife and regulate such 

markets to mitigate the risks of future pandemics. The 

number of people visiting natural parks was significantly 

reduced due to restricted movements that diminished the 

stress on wild fauna (Corlett et al. 2020). Wild animals have 

also been returned towards suburban areas, where they have 

not been seen for many years, as human activity and traffic 

declined (Corlett et al. 2020). Hence, it would also be 

essential to have comprehensive regulations for protecting 

wildlife within protected locations. 

The zoonotic nature of COVID-19 is pushing 

researchers to look for other animal hosts that can contribute 

to the transmission of this disease. To date, the disease has 

been reported in dogs, cats, tiger, lion, and mink farms that 

have been living in close proximity to COVID-19 positive 

patients demonstrating the possibility of human to animal 

transmission (OIE 2020). The presence of SARS-CoV-2 in 

companion animals sparked fears, though unfounded, of their 

role in virus transmission which has led to an increase in 

incidents of pet abonnement and animal abuse (Parry 2020). 

However, dog adaptation in Israel has increased significantly 

as interactions with animals may help with stress and 

depression particularly in social isolation (Morgan et al. 

2020). There is currently no evidence of SARS-CoV-2 

transmission from pets to humans. However, future studies 

will further ameliorate our understanding of this 

transmission. Under controlled conditions, it has been found 

that cats can infect other cats through respiratory 

transmission (Shi et al. 2020). Dogs are weakly positive 

while pigs and poultry including chicken, duck, geese and 

quail demonstrated to be resistant (Shi et al. 2020; Suarez et 

al. 2020). Although, SARS-CoV-2 isolated from dogs and 

cats has an identical sequence of S protein, their role as a 

reservoir for the animal to human transmission remains 

elusive (Hernández et al. 2020). 

In addition to the effects on wild and pet animals, the 

livestock industry has also suffered like other industries 

during this pandemic. Multiple clusters of COVID-19 

emerged in slaughterhouse workers in Brazil, Germany, the 

USA, France resulting in scores of infections and deaths 

(DW-News 2020; Kinniburgh 2020). The presence of 

multiple hotspots resulted in temporary closures or reduced 

efficiency of many slaughterhouses worldwide disrupting the 

supply chain. These slaughterhouse shutdowns have also 

forced the on-farm killing of animals (Kevany 2020). Careful 

estimates reveal that more than 10 million pigs and poultry 

each will be culled or depopulated by September in the US 
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alone (Kevany 2020). This large-scale culling can be 

challenging and can have environmental consequences 

especially in times when hunger in the world is on the rise. 

Spike in cases in China, that too associated with animals, 

forced them to ban the import of meat from Tyson company, 

the largest America-based meat processing company (Funk 

2020). These developments can have serious economic 

consequences in the livestock industry. Additionally, about 

30% of staff shortage in France was inflicted directly or 

indirectly due to COVID-19 (FAO 2020b). 

Uninterrupted supply of nutrition to animals remains 

the key factor for the smooth running of animal protein 

farms. Restriction of movements to contain this pandemic 

may have negatively affected the provision of certain 

nutritional elements particularly of those transported across 

the borders (Seleiman et al. 2020). However, the major 

impact may be the disruption in the supply chain of dairy 

products to end consumers. When the US imposed a 

lockdown, the people rushed to the stores for hoarding of 

edibles including dairy products that resulted in their 

shortage at various stores. On the other hand, the closure of 

schools and restaurants decreased the demand for dairy 

products (Mulvey et al. 2020). During the pandemic, 

production remains high, but the industry is unable to 

process all the milk and farmers are forced to dump millions 

of gallons of milk in a time when people are dying of hunger 

(Townley 2020). However, recent trends showed that people 

are shifting to farms having direct access to consumers to 

purchase dairy products (Mulvey et al. 2020). Misinformation 

is another challenge for the farmers as that may shake 

consumer’s confidence in animal proteins. Recently, the 

circulation of news on social media about the association of 

SARS-CoV-2 with poultry in India has significantly slashed 

the demand and price of poultry meat (Gupte 2020). 

Therefore, better supply management, financial assistance to 

farmers, and control of misinformation will be required to 

protect the livestock industry from further shocks. 

The last two decades have witnessed SARS, MERS, 

and COVID-19 which have been caused by other corona 

viruses. Therefore, another future outbreak caused by 

another corona virus cannot be ruled out. Thus, to better 

protect human health and food biosafety and biosecurity due 

to COVID-19, the multidisciplinary approach under the 

ambit of one health is called for. It is worth mentioning that 

COVID-19 inflicted lockdown allows us to better understand 

the impacts of humans on wildlife which may help in better 

coexistence of wildlife and human (Rutz et al. 2020). 

Massive deforestation and change in ecosystems may change 

human interactions with wildlife that could potentiate 

emerging zoonosis in humans (Fawzi et al. 2020). 

 

COVID-19 and energy sector 

 

COVID-19 has severely affected the energy sector. Energy is 

the key to health care services and matters more than ever 

during the pandemic time ( Broto and Kirshner 2020). Health 

facilities have two main energy requirements: electrical 

energy for medical equipment and health services including 

refrigeration, thermal requirements for sterilization, water 

heating, and incineration. Many countries have taken intense 

measures most notably social distancing and lockdowns of 

public life that led to a reduction in industrial activity, 

mobility, and energy consumption. The reduction in global 

oil demand reduced the price and production of oil. 

According to the Oil Market Report – July 2020 released by 

International Energy Agency (IEA), global oil demand fell 

by 9.3 mb/d year-on-year in 2020 due to the lockdowns 

while global oil supply fell by 2.4 mb/d in June, to a nine-

year low of 86.9 mb/d (IEA 2020b). This disruption in oil 

demand and supply has a major effect on the oil-producing 

countries. There was also a global reduction in electrical 

energy demand and price in some counties (Mastropietro et 

al. 2020). Analysis of daily data through mid-April, reported 

in Global Energy Review 2020 by IEA, revealed that 

countries in full lockdown experienced an average 25% 

decline in energy demand per week and countries in partial 

lockdown an average 18% decline (IEA 2020a). During this 

pandemic, total energy plunged due to a decline in industrial 

and commercial activities while domestic consumption of 

electricity increased due to a larger occupancy (Mastropietro 

et al. 2020). Electricity consumption declined by 25% in 

Italy, 20% in France, and 12% in the UK (Mylenka 2020). 

Amid COVID-19 at its peak in 16 European countries, 

electricity demand was reduced by 19% which resulted in a 

significant drop in carbon emissions by 34% (Haxhimusa 

and Liebensteiner 2020). Similarly, the delay or non-

payment of utility bills by end-consumers affected the 

distribution, transmission and generation companies. 

Moreover, lockdowns have delayed the power projects by 

disruptions in the supply chain and machinery, unavailability 

of manpower, and reductions in project financing. It has been 

noted in the latest World Energy Investment report by IEA 

that investments in energy are set to fall by one-fifth in 2020 

due to COVID-19 (IEA 2020c). Considering the dependence 

of the global economy on the energy sector, COVID-19 has 

severely affected this sector causing widespread and drastic 

effects on the demand, supply, energy prices and investments 

in the energy sector. 

All countries should consider energy as a basic human 

right due to its central role in responding to pandemics by 

ensuring adequate healthcare services and supporting 

households during confinement ( Broto and Kirshner 2020). 

Energy access is also recognized in Sustainable 

Development Goals (SDG) as SDG 7 commits to ensuring 

“access to affordable, reliable, sustainable, and modern 

energy for all. Independent and reliable access to energy 

would be essential to maintain health under pandemics such 

as COVID-19 ( Broto and Kirshner 2020). Therefore, the 

provision of energy relief is called for the growing number of 

households that are energy insecure (Graff and Carley 2020) 

which should be based on proper targeting and consistent 

financing (Mastropietro et al. 2020). Moreover, it is 
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recommended for the governments to seek their supplies 

from more than one country to avoid delay in energy projects 

during future global crises. 

The renewable energy section is not immune to this 

outbreak and has been negatively affected due to delays in 

power plant equipment delivery or in the construction work. 

The spread of the virus has caused the shutdowns of several 

industries and issues along the supply chain across multiple 

industry sectors. Contractors reliant on an international 

workforce are also impacted by labor shortages due to travel 

restrictions or quarantine measures. Project developers may 

be facing penalties or, in some cases, losing tax incentives, 

tariffs, or other revenue sources. For example, BYD, 

producer for rechargeable batteries, was unable to complete 

the required testing for some batteries which led to a delay in 

delivering the required quantities of these batteries for the 

European market (Mylenka 2020). 

The major global concern of the renewable energy 

sector is the supply chain issues with solar and wind projects 

already witnessing logistical delays. Furthermore, 

governments, in developing countries, are the big buyers for 

renewable energy products, but because of the virus, the 

available funds are diverted for medical purposes which 

further has a negative impact on renewable energy projects ( 

Broto and Kirshner 2020). Despite this, it has been suggested 

by the industry reports renewable energy industry is expected 

to grow while fossil oil-based industries will likely struggle 

financially (Penn 2020). Gillingham et al. (2020) suggested 

that pushing back all investments for renewable electricity 

production by one year would outweigh the emissions 

reductions observed due to the lockdowns. Therefore, both 

the International Energy Agency (Birol 2020) and the 

International Renewable Energy Agency (Camera 2020) 

have suggested maintaining necessary investments into 

renewable energy in the wake of COVID-19. Developed 

countries should continue to invest in developing 

communities in support of clean and renewable energy. 

Investing in renewables and energy efficiency must help to 

create green jobs to get political traction (Hanna et al. 2020). 

The advantages of renewable energy have become 

particularly evident during the pandemic and therefore 

suitable investments to restart the economy should be 

dedicated to cleaner and sustainable energy infrastructure. 

Despite significant reductions in GHGs emissions, their net 

effect on climate change is almost negligible as effects of 

NOx reductions are offset by reductions in SO2 emissions 

(Forster et al. 2020). In contrast, Forster et al. (2020) 

suggested that “an economic recovery tilted towards green 

stimulus and reductions in fossil fuel investments, it is 

possible to avoid future warming of 0.3°C by 2050”. 

 

Conclusion and Next Steps 
 

COVID-19 has upended the world in few months with 

widespread shutdowns and major changes in the economy, 

life style, and environment. Short-term improvements in the 

quality of air and water resources have been observed. The 

existence of SARS-CoV-2 in wastewater has enabled 

researchers in many countries to track the prevalence of 

COVID-19 infections in the community that can be 

particularly helpful for communities with limited facilities of 

clinical analyses. Wastewater-based epidemiology, being an 

emerging field to monitor COVID-19, needs to optimize the 

sampling protocols, develop laboratory analysis methods and 

ensure quality control for international locations. The 

presence of this virus in wastewater raised environmental 

risks about its faecal-oral transmission which, yet 

hypothetical for SARS-CoV-2, has been noted in many viral 

diseases like E-bola and hepatitis (E & A). Considering these 

risks, wastewater disinfection has gained significant attention 

from the scientific community. In this context, it would be 

highly rewarding to develop robust and cost-effective 

techniques particularly for emergency situations. Existence 

of SARS-CoV-2 in wastewater may also lead to its 

aerosolization during wastewater treatment and sprinkler 

irrigation for agricultural purposes. Therefore, it would be 

essential to exercise precautions and raise public awareness 

to ensure the safe use of wastewater in agriculture. Similarly, 

increased use of antimicrobials can be an emerging 

environmental threat associated with this pandemic which 

should not be ignored. Air quality has also been improved as 

evident from reductions in NOX, SOX and PM. Despite 

significant reductions in GHGs emissions, effect on climate 

change might be negligible due to the complex chemistry of 

air pollution (effects of NOx reductions can be offset by 

decline in SO2). Moreover, a decrease in the concentration of 

these pollutants may increase the contents of O3 by pollutant 

imbalance. The role of PM and O3 as carriers for SARS-

CoV-2 suggested that an increase in air pollution could 

significantly worsen the outbreak. Therefore, tackling air 

pollution should constitute an important part of easing 

lockdown. However, further research is required to explore 

the complex chemistry of air pollutant formation, transport, 

and temporal variability. 

COVID-19 has also highlighted the urgent necessity of 

ensuring strict bans on the illegal trade of wildlife. Necessary 

funds should be maintained to monitor zoonosis with a focus 

on all potential routes for zoonotic transfer. The COVID-19 

pandemic has significantly affected the crop and food 

production systems and has challenged global food security. 

The shortage of workforce and disruptions in the supply 

chain had been noted as the major challenges. Designing the 

smart farm machinery and policy formulation, to protect the 

farming systems from similar shocks in the future, may help 

cope with the challenges. Diversification of cropping 

systems and promotion of conservation agriculture practices 

and home gardening may help improve the food and 

nutritional security during and after the COVD-19 pandemic. 

Similarly, global reductions in the demand for electricity and 

fuel and halted investments in energy has severely affected 

this sector. However, the advantages of renewable energy 

have become particularly evident and therefore, suitable 
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investments into cleaner and sustainable energy 

infrastructure are called for in plans to revive the global 

economy after this crisis. Tilting the economic recovery 

towards green stimulus and lower investments in fossil fuels 

could contribute to avoiding the future warming associated 

with climate change. Undoubtedly, the major focus of most 

developed countries is to improve their health system. 

However, a pandemic of this intensity needs international 

cooperation and thus adequate interventions are needed in 

the developing communities to prevent their becoming 

population reservoirs for such viruses. 
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