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Since the advent of the novel coronavirus disease (COVID-19), various industrial sectors have been
significantly affected. Considering the widespread threat of the SARS-CoV-2 virus, scientists worldwide
have been working at a rapid pace to understand the virus, develop vaccines and find possible treatment
options. Drastic public health measures such as social distancing, use of PPE, quarantine and complete
lockdown have been implemented globally to minimize the spread of the virus. Whilst these measures
currently seem the only plausible option, they come at the price of compromised economies. Though
there are many collaterally affected industries, this review paper highlights current and forecasted
changes in manufacturing, medical, climate change, energy and food processing sectors. Some of these
sectors have been positively impacted, such as climate change, whilst others have experienced mixed
consequences. Some also face an uphill rebuilding processes, which needs to begin sooner rather than
later. This paper highlights important recent developments and perspectives on how industries may

adapt and learn from COVID-19.

Introduction

Clusters of the novel coronavirus disease (COVID-19)
were first reported in December 2019 in Wuhan, China. The
disease quickly propagated in China and abroad, with the
Word Health Organization (WHO) declaring a ‘Public
Health Emergency’ and ‘Global Pandemic’ by January and
March 2020, respectively [1]. At present, the underlying
virus (SARS-CoV-2) has spread to over 200 countries
where it has affected a minimum 6 million people of which
approximately 330,000 have died as a result [2]. The
potential for this severe (and potentially lethal) illness, in
combination with high ease of transmission makes the virus
highly dangerous and clinically burdensome [3,4]. This has
necessitated use of quarantine, social distancing, isolation
and other broad-sweeping restrictive measures to limit viral
spread [5]. These measures have helped certain high-
performing health systems adapt to the pressures of
COVID-19 but even still, some have buckled [6,7].
Moreover, these measures have had undeniable, far-
reaching consequences for industries and sectors quite
diverse from the virus itself. This speaks to a major
underlying struggle in the management of the pandemic
which in many ways, pits health risks against economic
costs [8,9].

Evidence of this struggle can be seen in various
industries and sectors. Tourism, for instance, is one of the
worst hit sectors given that it effectively cannot function in
the context of border closures and travel restrictions [10].

The same is true for parts of the transport sector, most
notably aviation, where flight bans may shrink the world’s
gross domestic product by up to 1.67% [11]. Similarly,
social distancing is fundamentally at odds with hospitality,
a sector which has seen drastic disruption and job loss [12].
The sports industry and education sector have also been
impacted directly by restriction measures, and have both
received significant media and research coverage [13,14].
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Fig. 1. Knock-on effects of the COVID-19 pandemic. Restrictions in place
to curb the spread of SARS-CoV-2 are eliciting broad, global trends such
as the shortening of global supply chains and transition to virtual
interactions and settings. These trends are impacting various industries and
sectors either directly, or indirectly via a complex web of economic
interdependence.

Instead of these well-reported impacts, the present
review focuses on a select few industries and sectors with
some lesser-known repercussions from COVID-19 (Fig. 1).
In these cases, the impacts of the present pandemic often
stem from broad paradigm shifts and indirect interrelations
between industries. Prominent themes include the
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shortening of global supply chains, increasing cooperation
between competitors and transitioning to virtual space.
These shifts have presented a mix of opportunities and
threats to these sectors, some less favorably skewed than
others. Accordingly, this article aims to cover the impacts,
opportunities and threats of COVID-19 on the medical
sector, as well as manufacturing, energy, food and climate
change. Most importantly, lessons can be learned from key
players in these industries and sectors who have positively
transformed the present situation in one way or another.
Such learnings must be taken on board and disseminated in
order to boost the recovery outlook and adaptability of
industries during the present pandemic and those to come.

Manufacturing

COVID-19 has had a significant impact on the
manufacturing sector, which accounts for nearly 16% of the
global economy. China is the world’s largest exporter,
fulfilling a third of the world’s manufacturing needs. The
pandemic forced a halt in Chinese manufacturing due to
enforced lockdowns to contain the spread of the virus,
causing China’s Purchasing Manager’s Index (PMI) to fall
from 50 in January 2020 to 35.7 in February, lower than
during the Global Financial Crisis [15]. Since “working
from home” is not a viable option for manufacturing plants,
China’s 300 million migrant workers were quarantined
without work [16,17].

Given China’s global manufacturing dominance,
repercussions of its lockdown are being felt around the
world. The United States of America (USA) is expecting a
US $700 million loss for retailers between March and April
alone, due to production and transportation shortages of raw
materials from China [18,19]. Similarly, 80% of
manufacturers in the United Kingdom are predicting a
decline in turnover due to Chinese COVID-19 related
lockdown [20]. Automotive, electronics, chemical, energy
and airline industries have been the hardest impacted
manufacturing sectors. As a result, countries such as the
USA and Australia are beginning to turn inwards, focusing
on expanding their respective onshore manufacturing
industries. Similar initiatives have been previously
introduced, such as “Make in India” aimed at stimulating
India’s local economy (helping with COVID-19 economic
recovery) and reducing its dependence on foreign imports.
These initiatives however, come with supply chain
challenges which must be navigated to find local
alternatives for physical and human resources that were
previously brought from abroad.

On a positive note, the COVID-19 pandemic has
witnessed innovative ideas, collaboration and technology
shared among various manufacturing sectors. For
example, distilleries are making hand sanitizers and
many automotive companies such as Ford Motor
Company, General Motors and Tesla have repurposed their
skills and resources to build ventilators, testing kits and
personal protective equipment for the medical sector [21].
Ford Motor Company teamed up with GE Healthcare
providers for manufacturing simplified ventilators [22].
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Also, Medtronic publicly shared the design specification
for PB 560 ventilators to enable other manufacturers to
build these ventilators and facilitate rapid mass production
[23].

Furthermore, COVID-19 has drastically changed the
perspective towards Industry 4.0 [24]. Prior to the
pandemic some manufacturing companies considered
Industry 4.0 as a future area of investment with significant
potential benefits. Post pandemic, many companies will be
inclined to move faster towards developing and
implementing Industry 4.0 technology. Building blocks of
Industry 4.0 such as artificial intelligence, internet of
things, cloud computing, additive manufacturing, data
analytics, augmented reality etc., can effectively
communicate and minimize challenges raised by future
pandemics at a much quicker pace. The fourth industrial
revolution involves powerful technology that has proven its
potential in sectors such as automotive and aerospace [25].
The current pandemic has accelerated Industry 4.0’s
applicability in different sectors to combat effects of
COVID-19 [26]. Effective implementation of these
intelligent technologies [27] could help in battling future
emergencies [28]. During pandemics like COVID-19,
Industry 4.0 will specifically benefit the health care
industry to supply the high demand of customized personal
protective equipment and also enables data transfer and
tracking of infected patients, providing timely updates and
subsequent guideline changes [29,30].

Medical industry

Undoubtedly, the medical sector has been most directly
impacted by COVID-19. Activity in many medical sub-
sectors has significantly increased in comparison to other
industrial sectors. This includes most notably, research
work involved in vaccine and drug development for
treatment and diagnostic systems. COVID-19 testing and
diagnosis has been on the rise for every country. As of 28
May 2020, there were more than 1.3 million tests conducted
in Australia with 0.5% returning a positive result. With the
large number of tests being carried out in hospitals and
diagnostic labs, the demand for quantitative polymerase
chain reaction (PCR) assays or serology assays are on the
rise. Moreover, there is an increase in mask production and
supplies of varying types. This however, has also led to a
significant increase in global pollution and waste from the
disposal of masks and gloves.

The use of telemedicine has seen a drastic rise since the
emergence of COVID-19. Virtual health systems are in
wide use to avoid face-to-face contact. For example, the
Federal Government of Australia allocated $100 million for
providing treatments to patients via telephone or online
channels in March 2020 [31]. In the US alone, a $2 trillion
relief bill provided cash to most US families, business
loans, and a further $100 billion for hospitals due to
COVID-19 impacts. Anxiety among healthcare workers
has increased due to extended work hours and potential
exposure to infected patients [32]. Hospitals have had to
implement preventive measures such as patients informing
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hospitals before arriving with symptoms of respiratory
illness. Patient visits to general practitioners (GP) have also
drastically reduced [32]. Unemployment among health care
professionals has increased, although there has been a rise
in the demand for nursing staff. There has also been an
increase in online pharmacy services post COVID-19 in
both developed and developing countries.

Due to restrictions and social distancing measures, the
majority of people are not as physically active [33].
Reduction in physical activities during the pandemic has
reduced the occurrence of injuries. On the other hand, social
isolation and sedentary lifestyles have led to an increase in
mental health problems [33,34]. Accordingly, the Federal
Government of Australia for example, allocated $48
million to mitigate mental health issues in May 2020.
Telephone counseling systems have also been implemented
in Australia [35], New Zealand [36] and USA [37] to
support citizens suffering declined mental health during
COVID-19. There has also been a sharp increase in the
number of domestic violence incidents. Due to
prioritization measures in hospitals, there has been a drastic
reduction in elective surgeries, with cosmetic surgeries
having halting in many parts of the world. There is also
significant reduction in the number of non-essential
surgeries [32]. Predominantly, surgeries are only performed
in life threatening circumstances.

On a positive note, there has also been a revival of
health care facilities throughout the world. For example,

intensive care facilities in hospitals have been
retrofitted, improved and expanded with more emphasis
given on respiratory system care. Funding for

healthcare related research has increased. As an example in
Australia, $30 million worth of government funding was
announced for COVID-19 related research in March 2020
[31]. These trends clearly demonstrate the priority of
medical and related industries, which have overall seen a
drastic increase in demand during the COVID-19
pandemic.

Climate change

The outbreak of COVID-19 has had significant impact on
our day-to-day activities and life, however its impact on the
environment and climate change is less known. Guidelines
issued by various governments during this pandemic have
altered the pattern of energy demand worldwide. Several
small scale and large-scale industries have stopped
functioning, resulting in decreased waste emission and use
of fossil fuels and other energy sources to meet power
demands (Fig. 2).

Since the outbreak of COVID-19 many countries with
large populations such as China, USA, UK, Australia,
India, etc. went into a partial or full lockdown for extended
periods [38]. As a part of this, governments restricted free
movement of their citizens and have banned all gatherings,
resulting in low use of vehicles of any kind (e.g. cars,
busses and airplanes), thereby significantly reducing the
emission of pollutant gases produced by transport vehicles.
This population confinement has also led to drastic changes
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in energy use and carbon dioxide (CO2) emissions [39]. For
instance, data from the Sentinel-5P satellite has shown that
nitrogen dioxide air pollution levels have nose-dived across
Europe during this pandemic. Although the significance of
this decrease in the long-term may be uncertain, current
decreases in air pollution levels are positively affecting
health in general, which can be regarded as a good thing
[40]. Water quality and health of the Ganga River in India
has seen significant improvement since a full lockdown as
imposed on 24 March 2020, reducing dumping of industrial
waste into the river [41]. Similarly, lockdown in Italy has
resulted in clear and pollution free canals in Venice canals
due to the lack of tourists and water traffic [42].
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Fig. 2. Schematic representation of the effect COVID-19 has had on the
environment. Working from home and travel bans has reduced industrial
and vehicular pollution, lowering the release of primary pollutants in the
atmosphere. This has ultimately produced a lower carbon footprint and
cleaner environment.

Essentially, COVID-19 has demonstrated what can be
done differently, by forcing changes in behavior which may
remain once restrictions have lifted. For example, interstate
and international business travel may decrease (how that
online meetings and conferences have become so common)
[43], causing lower emissions by air travel. Even though
COVID-19 has caused unprecedented disruption to human
life, it has resulted in very positive short-term impacts on
the health of plant Earth. However, while CO; emissions
are predicted to fall by 5% in 2020 as a direct result of
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COVID-19, experts warn that greenhouse gas emission
reductions seen during the first half of 2020 are likely to be
temporary and short-lived [44].

Energy industry

Energy commaodities have been affected by the COVID-19
pandemic as residential and industrial consumption profiles
experience unprecedented and unexpected change [37].
Sufficient energy supply during the COVID-19 pandemic
is crucial for health sectors (including intensive care units
[45], ventilators, incubators and sterilization [46,47]) and
other essential services, as well as maintaining day-to-day
life [36].

The transportation sector usually accounts for large
proportions of a country’s energy demands, for example
69% of the total petroleum fuel consumed in the USA is by
its transportation sector [48]. With public mobility
drastically reduced [36], almost all modes of transportation
in most countries have been affected by safety measures
taken to mitigate the spread of COVID-19. China reported
a 65% drop in passenger transport and 73.6% drop in civil
aviation in April compared to the same period in 2019 [49].
The reduction in transport and travel has consequently
reduced fuel consumption causing “demand and supply
shock” [37] resulting in record-breaking drops in crude oil
prices. For example, the price of Brent crude oil has
dropped more than 8%, bringing the price of one barrel
down to as low as US $20, its lowest price in 18 years [50],
and West Texas Intermediate (WTI) oil halved in May 2020
compared to 2019. Interestingly, natural gas has also
dropped in price compared to 2018 and 2019 [37]. At this
stage, the effect of the pandemic on coal prices are not yet
evident due to pre-existing falling gas prices [51].

The aviation industry, which accounts for 9% of global
petroleum fuel consumption has also been significantly
affected by COVID-19, as many countries opted to close
their borders [52]. As a result of this, air passenger transport
has plummeted, with the airline industry forecasted to
shrink by 65% in the second quarter of 2020, needing a
significant period to recover [53]. The USA reported a
more than 50% reduction in international and domestic
passengers for the month of March 2020 compared to 2019
[53]. With evidence suggesting aircrafts as potential
transmission sources of COVID-19, the airline industry will
face more challenges in the coming months and years as
customers fear travelling by air [54,55]. Some industry
experts speculate that due to the reduction in air travel
demand and aviation fuel production, about one third of
airlines will not survive this massive loss of revenue [56],
causing long-term decline in fuel demand that will raise
major problems in the energy sector.

The COVID-19 pandemic has also led to the closure or
reduction in capacity of many factories and production
plants due to social distancing measures and limitations to
supply chains and logistics. Manufacturing industries
consumes 18% of total energy consumption in Australia
[57], and 24% in the US [55]. Reduced energy consumption
by industrial sectors has been observed in many parts of the
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world [56,58]. Moreover, recreational activities have been
partially or completed restricted by governments, closing
theme parks, pubs, night clubs, and cinemas across the
world. Ultimately, global electricity consumption has been
drastically reduced following COVID-19 related lockdown
measures. The International Energy Agency (IEA) reported
that electricity consumption in Italy and Spain has reduced
by more than 25% while that of the UK, India, Germany
and France were above 20% [59]. Net electricity generation
in the USA for the month of March was reduced by 5.6%
compared to the previous year [56]. Although electricity
consumption by residential consumers decreased by 6% in
the US, consumption by industrial sectors grew by 1%. On
the contrary, the overall electricity consumption in the UK
was reduced by 1.5% in the first quarter of 2020 compared
to 2019, but consumption by industrial sectors reduced by
5%, while domestic consumption increased by 1.4% [58].
Overall electricity consumption in Australia has not
changed after lockdown was imposed [60]. Compared to
the USA, working from home arrangements was widely
adopted in Australia, which may have resulted in increased
energy consumption at a domestic level, though certain
industries have reduced electricity demands. Some
governments have provided relief to their citizens during
this time, with support measures including fully waived
(Indonesia and Italy) or discounted electricity bills
(Malaysia), reduced payment security (India), deferred
electricity payments (German and Australia) and
uninterrupted power supply (Australia) [35].

This sudden variation in energy demand has shifted the
balance of energy sources used for electricity generation.
On the bright side, China and India reported reduced
electricity demand, reducing consumption of coal for
electricity generation [61]. However, renewable energy
generation infrastructure development projects (which can
lower electricity costs) have been delayed due to the
pandemic, despite the IEA and the International Renewable
Energy Agency urging investment in renewable resources
be maintained [62,63]. Insufficient production of solar
panels and materials due to cost-cutting measures and
halted growth plans are causing delays in clean energy
projects in China, Australia, India Southeast Asia [64,66].
For example, wind and solar power generation projects (up
to 3 GW) are reported to be delayed in Australia [67].

Shifts in energy demand due to COVID-19 will put
short and long-term strain on the energy sector. Temporary
shutting down of oil refineries are likely to be warranted to
mitigate surplus production. In addition, temporary
shutdowns around the globe will have substantial impacts
on the petroleum refinery sector, along with the supply
chain of crude oil, including tankers and bunkering
facilities. Typically, multiple sources are used for
electricity generation such as coal, petroleum oil, nuclear
power and renewable energy however, careful balance is
required when combining numerous sources for electricity
generation. Power grid balancing will pose challenges for
suppliers and regulators as the base load fluctuates in an
unpredictable manner. These fluctuations in electricity
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demand will pose severe challenges to many countries, and
balance will be required between government revenue and
monetary support to citizens to manage short and long-term
economic shock [68]. It is recommended that going
forward, domestic electricity distribution develop an
“Energy Emergency Pandemic Plan” in the event of future
global pandemics [35].

Food industry

The food sector, including distribution and retailing, has
been under severe strain due to panic-buying and
stockpiling of non-perishables during COVID-19 [69]. This
has led to community unease with regards to shortages of
products such as meat, flour, milk, pasta, rice etc. [70].
While at-home food and beverage consumption has
increased, out-of-home consumption (which generates the
highest financial margin) has essentially stopped [71], due
to imposed government restrictions and lockdowns.
Furthermore, food banks have also been affected by food
stockpiling as donations have lessened. Many have been
weary of the lack of access to food, forcing additional
restrictions and purchasing limits, and priority for
vulnerable citizens [57,72]. Online ordering of packaged
food, meals and beverages have seen an upsurge in demand
[73] due to low in-store supply. Independent supermarkets
have also been affected by high demand. Local stores have
implemented measures including free product delivery,
minimising panic-buying and limiting the number of
customers in-store to avoid over-crowding. Some
independent supermarkets have also expanded their
supplier partnerships to meet demand and avoid food
shortage [60].

The global food industry relies on food and supply
chains, sectors which have been hard hit and disrupted
during the pandemic, due to sudden increases in demand of
in-store groceries and reduction in out-of-home dining. The
Asia-Pacific region and Europe have been the most
impacted due to the high number of COVID-19 cases in
these regions (e.g. China, Japan, Italy and Spain) [73]. Food
supply chains have been largely disrupted due to lockdowns
and reductions in exports (as a result of border closures).
For example, Coca Cola Co. experienced delays in
production caused by a loss of sucralose supply from the
US and China [73]. Border travel restrictions have also had
an impact on the normal seasonal cycle of migrant farm
workers. In addition, some countries such as India,
Vietnam, Russia and Kazakhstan have banned or capped
foreign exports of food to sustain their own populations.
This is known as ‘food protectionism’ and while it may
provide some relief to local food supply chains, it causes a
global surge in food prices [74]. In recent years, episodes
of extreme weather events, spread of disease (such as swine
fever) and increased insect activity have caused major food
price spikes (up to 60% increase) [74]. It is predicted that
COVID-19 will have similar effects, especially in
developing countries.

In light of these challenges to provide adequate and
nutritious food at times of pandemics, governments are
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being urged to define, finance, and distribute food baskets
that support the health needs of the population, ensuring the
use of local products, thereby minimizing reliance on food
imports and wastage [75,76]. The influence of this
pandemic on nutrition and dietary intake has gone beyond
the community to national and global levels. Given
stockpiling of non-perishables and imposed public
restrictions, the supply and demand of fresh fruit and
vegetables are consequently unbalanced. Interestingly, as a
result of COVID-19, the overall health of an individual will
be a function of the awareness of their choices, unity within
the community, attentiveness of the government and
universal commitment towards overcoming the threat of
this pandemic.

It is expected that once out-of-home consumption
picks up, combined with the reopening of the hospitality
industry, the impact on food and beverage companies will
normalise, however full economic recovery may take
weeks to months at least. From this pandemic, learnings and
mitigation techniques can be developed, including supply
chain risk management, alternative route-to-market
channels and ways to support key suppliers to fulfil demand
in peak buying scenarios such as we’ve seen during
COVID-19 [71].

Conclusion

The socio-economic challenges posed by the COVID-19
pandemic necessitates for various types of reformations and
transformations in almost every industrial sector. Strategies
of many industries involve redesigning and reprioritizing.
Similarly, some novel strategies may directly assist in
fighting COVID-19 especially for the medical sector.
Nanotechnology may offer a solution to inhibit the
transmission of SARS-CoV-2. We have recently shown
that surfaces with nanoscale topography can significantly
reduce respiratory syncytial virus and rhinovirus [77]. We
have also shown that a range of nanostructured surfaces
such as titanium and aluminium Kill bacterial cells [78-84].
It is believed that such nanoscale surfaces will also be able
to inactivate the SARS-CoV-2. Implementation of
antibacterial and antiviral surfaces in key areas such as
hospitals (surgical equipment, general surfaces), healthcare
environments, transportation vehicles and textile industries
etc. will reduce the spread of infectious disease thereby
mitigating the risk of wide-spread devastation seen as a
direct result of COVID-19.

While impacts of COVID-19 to industries such as
education, entertainment, tourism, and hospitality are well
known, this review summarizes and highlights lesser-
known effects of COVID-19 on various industrial sectors.
At this stage, the full extent of damage is not yet known,
however as this situation continues to evolve, further details
and consequences will be revealed. While there has been
much global devastation caused by COVID-19, it has also
brought improvements to Earth’s environment, improving
levels of greenhouse gas emissions, and initiated rapid and
novel manufacturing methods (e.g. ventilators). COVID-19
will be known in the future as a catalyst for changing the
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way we think about disease control, medical capabilities,
energy supply and demand, food supply, manufacturing
and foreign imports. Through this pandemic, there will be
many lessons to learn and opportunities to grow and adapt
to prepare for potential future pandemics.
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