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Abstract
The outbreak of COVID‐19 disease, the cause of severe acute respiratory syndrome, is
considered a worldwide public health concern. Although studies indicated that the virus
could spread through respiratory particles or droplets in close contact, current research have
revealed that the virus stays viable in aerosols for several hours. Numerous investigations
have highlighted the protective role of air purifiers in the management of COVID‐19
transmission, however, there are still some doubts regarding the efficiency and safety of
these technologies. According to those observations, using a proper ventilation system can
extensively decrease the spread of COVID‐19. However, most of those strategies are
currently in the experimental stages. This review aimed at summarising the safety and
effectiveness of the recent approaches in this field including using nanofibres that prevent
the spread of airborne viruses like SARS‐CoV‐2. Here, the efficacy of controlling COVID‐
19 by means of combining multiple strategies is comprehensively discussed.
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1 | INTRODUCTION

The COVID‐19 disease is a newly discovered virus that spread
in Wuhan, China at the end of 2019. Coronavirus is a virus
family that introduced the cause of disease. The World Health
Organisation (WHO) has declared COVID‐19 as a pandemic
on March 11, 2020. In the early 2000s, coronavirus has caused
public health concerns that resulted in global epidemics, such
as coronavirus disease 2019 (COVID‐19), Middle East Respi-
ratory Syndrome, and severe acute respiratory syndrome
coronavirus 2 (SARS‐CoV‐2). This pathogen has been identi-
fied as a novel single‐stranded RNA beta coronavirus that

significantly impacted people's health and lives [1]. The virus is
spreading rapidly throughout the world and there is a need to
adopt some restrictions to control it.

The WHO has confirmed that COVID‐19 is a public
health emergency of international concern. Aerosol airborne
viruses such as coronavirus have a wide variety of lengths and
widths, extending from nanometres (e.g. virus particles) to
micrometres (e.g. nonviable particles with viruses). Observa-
tions have shown that tiny particles contain viruses, which can
stay airborne for a long time and are easy to transport to other
places. Since smaller particles may carry respiratory viruses and
stay in the air for longer, they may potentially be more
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hazardous. Subsequently, the exposed person would get severe
diseases by inhaling particles into their lower lungs. This virus
is primarily spread by respiratory droplets through sneezing
and coughing of infected patients. These droplets are easy
could spread through the air [2].

The basic data from different regions, such as Wuhan in
China, Northern Italy, the Netherlands, and specific regions in
the United States show that the severity of the pandemic is
significantly correlated to SARS‐CoV‐2, COVID‐19, and air
pollution [3]. Several studies have evaluated the relationship
between acute respiratory infections and hospitalised patients.
They reported that the high rate of viruses is associated with a
large proportion of acute respiratory infections [4, 5]. Recent
evidence has shown that the mortality rate in people infected
with viral respiratory infections in hospitals is higher than in
people who have acquired the disease from infected people in
the community [6]. Patients and healthy people generate the
transmission of droplet aerosols. A recent study revealed that
ventilation systems are more effective for coughing than for
talking. They showed that the best performance was achieved
when the patient sat and coughed, whereas the worst situation
was lying and talking. Their study recommended that
improving the air purifier could decrease the risk of cross‐
infection [7].

Heating, Ventilation, Air Conditioning (HVAC) filters,
heating, and air cleaner models are specifically designed to
filter impurities or pollution in the floating air. Air purification
devices and purification may potentially reduce pollutants in
the air, especially tiny particles containing viruses. Air purifiers
can be useful in places where the level of outdoor air pollution
is very high or where indoor humidity and temperature are not
suitable. According to a report by the WHO, nearly 7 million
people died from air pollution‐related diseases in 2012, and
approximately 4.3 million were caused by indoor air pollution
[8]. Volatile Organic Compounds are the main factor that
leads to indoor air pollution‐related deaths. They are associ-
ated with Sick‐Building Syndrome and Building‐Related Ill-
nesses (BRI). Volatile Organic Compounds are mainly found
in products of offices, electrical appliances, cleaning, and
maintenance agents. In recent decades, indoor air quality has
become a major challenge. Therefore, several studies are
devoted to the development of new technologies to improve
air quality [9].

Air purification technology can remove air pollutants and
improve indoor air quality. One of the best strategies to
control COVID‐19 can be to prevent its spread through the
air. This requires a suitable cleaner that can trap virus particles
from the air and prevent them from spreading. Various stra-
tegies have been developed for this purpose. Recently, several
studies examined methods, such as cyclones, gelatin filers, and
Polytetrafluoroethylene filters, for trapping MERS‐CoV and
SARS‐Co viruses followed by Polymerase Chain Reac-
tion analysis, and were reviewed. This article tried to discuss
the newest technologies and applications of air ventilation and
air purification systems that can help in this area.

2 | TRANSMISSION OF RESPIRATORY
VIRUS IN AIR

The recent rapid spread of COVID‐19 worldwide appears to
be a real public health emergency. As the epidemic is devel-
oping, lack of evidence in the SARS‐CoV‐2 transmission
pathways has classically led to a change in the infection pre-
vention and control guidelines between weathering and
airborne droplets [10]. The SARS‐CoV‐2 transmission path-
ways are through aerosols, droplets, and exposure to pollutants.
Virus transmission to people is more comfortable in the in-
door environment. Virus COVID‐19 is primarily transmitted
through droplets and aerosols produced by the mouth or nose
(these organs make ACE2 receptors on their cell surfaces).

Second, the transmission of the virus is through contact
with infected surfaces. The critical point is that the virus can
infect people in indoor places, such as dentistry and healthcare
clinics. Scientists could not find any evidence that COVID‐19
can remain stable in airflow for a long time. Because of the lack
of a suitable procedure for preventing the spread of air‐born
particles, SARS‐CoV‐2 is transmitted in aerosols produced
by COVID‐19 patients in hospital rooms. Several health im-
plications are suggested for reducing the spread of COVID‐19,
such as social distancing, the obligation of wearing masks in
crowded places, and regular hand washing. Since exposure to
viruses increases indoors, a distance of 1.8 m (6 feet) does not
guarantee immunity against infection. Recent findings suggest
that the spread of SARS‐CoV‐2 in ferrets is indeed facilitated
by direct contact with particles containing SARS‐CoV‐2 virus
[11]. The mechanisms of attachment and shedding of viruses
in ferrets by direct and indirect methods are similar to those of
inoculated viruses. These researchers showed that in both
methods the ferrets are practically infected. Another study was
evaluating the impact of temperature on the transmission of
disease. Results demonstrated that temperature could have a
role in escalating transmission rates [12]. In another study,
researchers used surface samples and air to measure viral
shedding from 13 patients with COVID‐19. They reported that
viral contamination was detected in all samples, supporting the
use of airborne isolation precautions when caring for COVID‐
19 patients [13]. In contrast, others reported that SARS‐CoV‐2
RNA was undetectable in air samplers [14]. A survey on SARS‐
CoV‐2 environmental pollution in the air samples isolation at
the ward and ICU have shown from the 218 ICUs only one
sample contained SARS‐CoV‐2 RNA and of the 182 isolation
ward samples, 9 samples contained SARS‐CoV‐2 RNA [15].

3 | AIR VENTILATION COULD
REDUCE TRANSMISSION OF THE VIRUS

People usually spend most of their time in indoor places.
Therefore, air quality is critical for public health [16]. Advanced
air filters and HVAC systems could help decrease airborne
pollutants, including viruses, in different places. Although air
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purification or filtration is not a perfect strategy for protecting
people from the COVID‐19 virus, filtration can be part of a
strategy to reduce the possibility of COVID‐19 spreading in
indoor air. An effective air purifier should remove small par-
ticles (range 0.1–1 μm) in the air [17]. The size of SARS‐CoV‐2
is estimated around 0.1 μm in diameter [18] and a suitable air
purifier could effectively trap the virus. The capability of an air
purifier can be evaluated in a variety of ways.

Sometimes, manufacturers might indicate the efficiency of
particle filtration for specific particle dimensions. Likewise,
some other manufacturers use the Clean Air Delivery Rate
system to rate the quality of air purification or filtration. In
addition, High‐Efficiency Particulate Air (HEPA) filters are
frequently used. This filter can remove at least 99.95% of
particles with diameter of less than 0.3 μm [19, 20].

Various factors could significantly influence HVAC per-
formance in preventing coronavirus diffusion. Several effective
approaches to reducing virus transmission are included venti-
lation increasing, advanced filtration, humidification, and me-
chanical hygiene improving [21]. Animals and humans release
large amounts of viral and bacterial pathogens into the air. It is
necessary to install a filter to prevent particles from spreading
to indoor locations. For this purpose, in a previous study,
HVAC systems of the buildings are equipped and make the
buildings maintain their fresh and healthy air. Then samples
were collected from building ventilation filters to evaluate the
types and concentrations of virus aerosols [22]. They
emphasised that existing building HVAC filters might be a
practical method to detect airborne viruses. Heating, Ventila-
tion, Air Conditioning filters can serve as integrated long‐term
bioaerosol sampling devices to provide basic information on
the aerobics and epidemiology of airborne viruses. These
methods allow researchers to better investigate the spread of
airborne viruses and identify potential agents of bioterrorism
[22]. We could not deny the threat of the spread of common
influenza viruses through small‐particle aerosols. However, the
link between the safety of the particle's ineffectuality and the
risk of transmission at long distances through HVAC systems
could be improbable. Implementing HVAC systems in build-
ings solves reduce the risk of influenza virus transmission [23].
In one study, the results showed that the position of an
infected patient affects the risk of infection among health care
workers and other residents of the same ward, and increasing
the rate of air change in the ward minimises the risk of direct
contamination. [24]. It was reported that the air change rate of
9 h per day can reduce the floating and deposition time of
respiratory virus particles while increasing their energy effi-
ciency [25]. This is a useful reference method for hospital
administration, which can minimise the risk of airborne virus
infection through better ventilation design methods [25]. A
recent study investigated the effect of Air PurificationT on
critical commercial and clinical outcomes compared to HEPA
standard filtration. They found that patients admitted to areas
with advanced air purification technology had statistically sig-
nificant improvements in the length of stay, discharge time and
costs. In addition, the rate of hospital infections in these areas
showed a decreasing trend [26]. Since people spend almost

90% of their time Indoors, Air Quality inside the room is a
global concern. Bio‐aerosols (e.g. viruses, fungi, and bacteria)
are the main pollutants that frequently contaminate the air [27].

A study on the results of Cultivated Bacterial Aerosol
showed that once the APs are active, indoor air quality will
increase by nearly 50% [28]. The researcher tested the capa-
bility of 4 filter prototypes (fibreglass filter (EU class F9), pre‐
filter (EU class G4), filter mat (EU class M6), and F8‐9) to
remove aerosol‐containing Bovine Enterovirus 1, Equine
arteritis Virus, Actinobacillus pleuropneumoniae, Staphylo-
coccus (S.) aureus, and Porcine Reproductive and Respiratory
Syndrome Virus from the air [29]. Depending on the type of
filter used, the filter can block up to 99.9% of bacteria and 98%
of viruses. Therefore, air filtration and other strict biosecurity
measures can minimise the risk of transmitting airborne
pathogens to animal facilities [29]. However, we should be
cautious about using air purifiers to control the spread of
COVID‐19. The droplets may extend into the entire airflow of
the air purifier when a person releases droplets near the air
filtration system. In the following, a single infected person can
become an infected group. The setting of the air purifier needs
further research, because efforts to suppress infections
through the air purifier may lead to new infections [30].

4 | USING OZONE AND RELATIVE
HUMIDITY STRATEGY

Ozone is One of the best effective agents against the virus. It
has been demonstrated that a combination of Relative hu-
midity with low doses of ozone could be a powerful disin-
fectant for airborne microscopic pathogens such as φX174,
MS2, and MNV‐1 [31].

5 | USING ULTRAVIOLET RADIATION
STRATEGY

COVID‐19 has a high sensitivity to ultraviolet radiation, for
this reason, UV‐C radiation can effectively disrupt COVID‐19
structures. Therefore, the technical parameters of UV‐C fluo-
rescent lamps are compatible with HVAC operating conditions.
Observations have shown that it could inactivate more than
97% of the Influenza A virus, 90% of the SARS‐CoV‐2 virus,
and 100% of Legionella pneumophila. UV‐C emitters in
HVAC systems enable simultaneous circulation, recuperation
and disinfection of air pollution [32].

6 | HEAT STRATEGY

The survival of SARS‐CoV‐2 in the aerosol is around 4 hours.
On the other hand was shown that above 60 °C air tempera-
ture, the virus becomes non‐infectious. So, installing recovered
heat of exhaust air in HVAC systems is a novel technology to
eliminate SARS‐Cov‐2 activity. In this respect, at 60 °C,
droplets containing the virus cannot exit from the exhaust
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duct. In a condenser, the heat is dissipated, which can heat the
exhaust air [33]. The risk of airborne virus distribution in
hospitals depends on airflow behaviour. This strategy also
could change the direction of the air and exhaust conditions.
One of the most efficient in removing contaminants is an
improved isolation room ventilation procedure. In hospitals,
the threat of airborne virus transmission is strongly influenced
by the airflow and its change of direction due to the location of
the air source and its outlet. Improved isolation room venti-
lation method is beneficial to the elimination of pollutants [34].

7 | ELECTRICAL NANOFIBRE FILTER
STRATEGY

COVID‐19 is about 60–140 nm in diameter with an average size
of 100 nm (i.e. nanoparticles suspended in air). When this tiny
germ is attached to human secretion, including droplets of saliva
and nose, it could be easily transmitted through airborne. Pol-
yvinylidene fluoride is a technology based on Nanofibres based
filtration membranes that can effectively slow down the spread
and deadly airborne coronavirus. The target of this technology
is nanoparticles with sizes smaller than 100 nm. A sub‐µm
aerosol generator could generate sodium chloride‐based aero-
sol. This type of aerosol has a diameter of 50–500 nm, which
simulates viruses and attached aerosol. The suitability of Poly-
vinylidene fluoride Nanofibres for their morphology, unifor-
mity, bead‐free, and straightness has been approved. The range
of dimensions of fibres is 84–349 nm [35]. Eventually, the
corona discharge charged the fibres and achieved a virus
filtration efficiency of 90%. However, interference between
adjacent fibres and electricity leads to a rapid marginal increase
in efficiency, but the pressure drop across the filter is much
higher [36].

The aerosol concentration was assessed with a Condensa-
tion Particle Counter upstream of the aerosol. Then the con-
centration of the downstream was also calculated after the test
filter. Therefore, filtration efficiency can be estimated using the
following formula [36]:

ηðDpÞ ¼ 1 −
CdðDpÞ
CuðDpÞ

ð1Þ

where η is the class efficiency of the aerosol size Dp, Cu is the
concentration upstream of the test filter, and Cd is the con-
centration downstream. The examination filter had a diameter
of 7 cm. The pressure drop across the filter was likewise
calculated. The quality factor can be described as [36]:

QF¼ −
lnð1 − ηÞ

Δp
ð2Þ

In some modules with smaller fibre packing density, the
fibres are redeployed in the filter and each module is divided by
a permeable, electrical‐insulator material, and the electrical
intervention between adjacent charged fibres will be reduced

[37]. Furthermore, reduced airflow resistance is achieved by
introducing the scrim materials into the additional scrim ma-
terial. A new way to diminish pressure drop is to distribute
equal amounts of nanofibres to attain a particular efficiency in
multiple layers. Each thin layer of nanofibres is supported by a
spongy substrate with large transparent micropores [38] in
between distributed in the filter stack. Multi‐layers have actually
been demonstrated to have slightly lower filtration efficiency
than single layers. Nevertheless, the fibre density of each
module compared to a single layer introduces larger pores and
significantly decreases pressure loss [39]. From this perspective,
the quality factor can be relatively maintained with increasing
fibre quantity to reach high filtration efficiency [39, 40]. The
diameter of the fibre determines the optimal amounts of fibre
in each module. The diameter of the high‐performance small
fibre requires fine fibres per unit. Conversely, if there is no
additional pressure drop, large‐scale fibre length requires a
larger amount of fibre per unit to compensate for the lower
performance [41]. This method has led to the development of
four brand‐new optical fibres with different diameters (84, 191,
349, and 525 nm) in a single layer for the removal of 100 nm
air‐borne COVID‐19 to achieve high efficiency at a pressure
drop below 30 Pa. Although some ultra‐low pressure drops can
reach efficiencies of over 90%, other filters that meet close to
30 Pa have an efficiency of approximately 94% [36].

Hypothetical filter enhancements derived from Precision
Engineering Attitude provide technology to protect people
from deadly airborne viruses, including COVID‐19 and air
pollutants, that can cause unforeseen chronic diseases [35].

8 | AIR CIRCULATION BY NATURAL
OR MECHANICAL VENTILATION

Wind and thermal energy are two critical factors that dramati-
cally influence air circulation. Temperature variation is an agent
that leads to airflow replacement. During natural air circulation,
the room's air is returned with outdoor airflow. This phenom-
enon effectively regulates temperature and humidity and re-
duces indoor contaminants, such as virus‐containing particles
[42]. Auxiliary ventilation devices applicate advancement ma-
chines to enhance air exchange with the external environment,
such as airflow, within a room. There are several forms of
this ventilation, including fans, standalone air conditioners,
portable units, or combined systems involving HVAC systems
[43, 44].

9 | THE CURRENT AIR PURIFIER
PURIFICATION TECHNOLOGY

The famous air cleaning technologies are derived from gas
treatment technologies and industrial waste gas. We can cate-
gorise this technology into different classes: dust collectors, gas
refining, and sterilisation technology [45] (Table 1). Different
classes are available depending on European or American
standards [17] (Figure 1).
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10 | POLARISATION AND IONISATION
ELECTRONIC FILTERS

A highly coherent electronic air cleaner is introduced first in
1996 by Constantine's J. Joanna. In this technology, pads of
dielectric fibres are inserted between grounded screens and
ionising elements.

The ionising elements polarise the fibrous pads and, along
with that, dust‐transitory particles were charged via the filter.
In this method, negative or positive dust particles are collected
and attracted to the fibrous pads, and the efficiency is
improved [47, 48].

10.1 | Polarised‐media electronic air cleaners

The electronically polarised medium air cleaner was created by
Engineering Dynamics LTD. It is also known as the Dynamic
Medium Air Cleaning System which is associated with the
physical processes of impingement, polarisation, and agglom-
eration to reach a very high multi‐pass efficiency with very low‐
pressure drop [49].

These types of equipment expand the mechanical standard
of removal mechanisms linked to fibrous filters by charging the
fibres [50].

The agglomeration process provides effective captures of
small particles [49]. In a novel filter media, a unique fibrous
material with permanent electrostatic charges called “electret” is
used. These types of filters are popular among manufacturers of
air‐cleaning devices [50]; The composite technique includes air
filtrating (composed of metal screens for applying an electric
field surrounded by two polarized fibreglass media), mixing
turbulence, and electrostatic deposition was reported that could
reduce the concentration of 22Rn progeny [51]. A study showed
that the filtration of electrically charged Continual Filament
Melt‐spun (CFM) media is combined with a static structure and
charge [52]. Several field studies examined structures of elec-
trically charged and non‐charged CFM media and explained
their potential mechanical filtration properties. Research results
showed that the synergistic relationship between the web
structure and charge distribution is the key to electret HVAC
media's performance characteristics [17].

Moreover, these studies recommended that non‐charged
and charged (CFM) media provide better long‐term and effi-
cient filtration than polyester/cotton media of the basis weight
[53]. They distinguished the triboelectrically‐charged nonwoven
electrets, which engaged wool, adopted needle‐punched
nonwoven technology, and polypropylene fibres. They under-
value that this electret media's filtration efficiency was excep-
tionally higher than that of neutral media and is considered a
perfect material for fibre filtration. Also, they proposed that the
duration and area of electrical charge might decline with the rise
of fibre diameter. Other studies tested the primary parameters of
electret filter media including filter thickness, fibre charge den-
sity, packing density, face velocity, and fibre diameter through
theoretical experimental methods and models [54]. This study
reported that face velocity and fibre charge density are larger for
filtration efficiency than other parameters. Likewise, filtering
efficiency increased with decreasing face velocity and rising fibre
charge density.

Furthermore, several parameters would be increasing
aerosol perforation through the electret filter media such as
filter thickness, width of filter, packing density, raising the
amount of electric charge, decreasing fibre charge density, and

TABLE 1 Air purifier technologies and their characteristics [46].

Machineries Advantages Disadvantages

Electrostatic filters ‐ Able to remove airborne particles, viruses, and odours ‐ Maybe is not as useful as traditional filters

‐ Relatively longer lifespan

HEPA filters ‐ Powerful in removing 99.97% of 0.3‐μm particles ‐ Short perdurability

‐ No ozone production or other harmful byproducts ‐ Ineffective in removing viruses, harmful gases, and odours

Photo‐catalytic oxidation ‐ Viruses and gases are effectively removed ‐ Ineffective in removing airborne particles

‐ Ozone production

Ultraviolet light ‐ Effective in sterilising air that passes UV lamps via forced air ‐ Airborne particles could not be removed

F I GURE 1 Different types of filters.
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packing density. In contrast, aerosol perforation has a positive
proportion with face velocity and fibre diameter [55]. Different
types of polarized‐media filters because of electrostatic force
are shown in Figure 2.

10.1.1 | Mechanism of action of polarised electret
in air cleaners

Airborne particles will be polarized and flooded on the fibres
when proximate to charged fibres.

Charged media filters based on a high power of voltage
supply mainly use a filter medium‐size assembled from an
insulating material medium, such as glass, ethers, or esters of
cellulose.

A non‐uniform and enormous electrostatic field was
generated from a grid composed of alternatively charged and
grounded members close to the media. The ionisation stage is
designed in the charged media filter devices; so that particles
are first charged in a corona discharge ioniser, then accumu-
lated on a charged media filter mat. This configuration delivers
higher efficaciousness than without using the prior ionisation
stage [50]. In Table 2, the mechanism of filtration in various
electret approaches is revealed.

10.2 | Ioniser purifiers

Air ions naturally are produced by several normal phenomena,
including lightning, wind, snow, waterfalls, combustion, and
the rolling of ocean waves. Another source of production of air
ions is the direct‐current electric transmission line. Although
the intermittent transmission line emits air ions, the distance
from the ground conductor is not great because most of the air
ions are absorbed into the conductor and neutralised with each
alternating cycle [56].

Negative Air ions are generated by the light of a specific
wavelength through the direct ionisation of air molecules. For
instance, UltraViolet (UV), is a certain wavelength of light,
which is used directly to ionise air atoms to generate Negative

Air ions [57]. The key point for evaluating air quality is negative
ions. They could effectively eliminate fog, dust, and some
pathogens. They react with positive ions and activate air. It is
essential to improve the quality of life.

By activating immune cells and affecting sleep patterns,
negative ions positively could impact health maintenance.
Generating negative ions discharge is an ideal method to
improve the way to improve indoor air quality. However,
during this process, ozone is generated. Corona wire heating is
a suitable method to suppress the production of ozone [58].
Different types of ion generation were shown in Figure 3.

10.2.1 | Mechanism of action of ioniser air
purifiers

Public ionisers use ionisation to decay molecules in the air.
This technique creates robustly negative ions and causes
adjoining molecules like ozone, positive ions, and others. Na-
ture spontaneously produces negative ions and can create a
sense of well‐being. Positive ions are considered to have
deteriorating effects on the human body. Conversely, negative
ions have been understood that they have a significant positive
impact on health conditions. Therefore, there are a few ap-
plications that use negative ions.

In Negative ionisers, the Polymer Fusion Technology is
implemented to fusion the C60 series of carbon materials with
other materials (such as oxygen or carbon) alternate chemical,
electric, and physical attributes of ionised particulate matter.
Most notably, eco‐friendly material (excluding eight heavy metal
pollutants) can be decomposed at a high temperature. This
confirms compliance with global environmental security stan-
dards. Synthesis of high or super‐high‐molecular‐weight
fullerene gives it the privileged to have extraordinary chemical
and physical properties. With their reduced operative static,

F I GURE 2 Different types of polarised‐media filters caused by
electrostatic force.

TABLE 2 Filtration mechanisms of different electret filtration
processes [17].

Particle Fibre E‐field
Electrostatic
force Equation

Charged Charged None Electrostatic
force

NE ¼
qQ

2πε0r

Charged Neutral None Image force NE ¼ 1
16πε0

�
εf − 1
εf þ 1

�
q2

ðr − rf Þ
2

Neutral Charged None Induction
force

NE ¼
d3p
8πε0

�
εp − 1
εp þ 2

�
Q2

r2

Neutral – External
electric
field

Polarisation
force

NE ¼
πε0d3p
4

�
εp − 1
εp þ 2

�
∇ jEj2

Charged – External
electric
field

Image force NE ¼ qE

Note: ε0 = permittivity of free space; εp = dielectric constant of the particle;
εf = dielectric constant of fibre; dp = particle diameter; df = fibre diameter; rf = fibre
radius; q = net charge on particle; Q = net charge on a unit length of fibre; E = externally
applied electric field; E = electric field with components; θ = polar angular coordinate;
and r = radial distance from fibre axis.
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these materials can produce many pure OH‐ electrons This
feature reduces machine performance and operator static, and
results in the rapid movement of particles, dust and airborne
droplets down to a height of 10 cm above the ground.

Consequently, the floating, storage, and attachment of
airborne particles are significantly prevented. As large amounts

of airborne particles are disinterested, the construction defect
rate can be reduced meaningfully [59]. Several possible bene-
ficial effects of the negative ion strategy are indicated in
Figure 4.

11 | PHOTO‐CATALYTIC OXIDATION

A new technology called Photo‐catalytic Oxidation (PCO)
employs Titanium Dioxide (TiO2) and visible or near‐UV light
source to remove air stream pollutants [60]. Present procedures
are used to eliminate virus contaminants. Photo catalysis for air
treatment is a feasible, economical green process. Besides,
conventional air purifiers spend significant energy and release
tremendous greenhouse gases, while this technology is more
eco‐friendly and requires less disposal of used materials [61].
Since photo catalysis for air treatment could excrete dangerous
organic molecules, it potentially eliminates SARS‐CoV‐2 vi-
ruses [62]. Another approach of PCO technology is using
antiviral Copper oxide/Titanium dioxide (CoO/TiO2) which
works with diverse mechanisms. The CoO nanoparticles
comprise valence states such as Cu (I) and Cu (II). Cu (I)
species disrupt the protein structures of the virus, thus causing
significant antiviral properties even if a source of light is not
available [63, 64]. In the PCO reaction, semiconductors of a
doped or pure metal oxide including Zno, CdS, TiO2, and Fe
(III)‐doped TiO2 are frequently used as the photo‐catalysts
TiO2 which can destroy the bacteria and viruses, at the same
time. Consequently, it can reduce the air contaminants, such as
formaldehyde, sulphur dioxide, and nitrogen dioxide [65].

In Table 3, Figure 5, several recent approaches and clas-
sifications in PCO technology were brought.

F I GURE 4 The positive effects of Negative Air ion (NAI) [57].

F I GURE 3 Ion generation classification [57, 59].
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11.1 | Mechanism of action of photo‐
catalytic oxidation in air pathogen cleaning

In a study conducted in 2020, an in situ solvothermal method
was employed to arrange several diverse photo‐catalysts,
including N‐doped TiO2, Ag‐doped TiO2, TiO2, TiO2, and N/
Ag co‐doped TiO2. This was resulted in more successful
photo‐catalytic degradation of gaseous ammonia (NH3) under
visible‐Light‐Emitting Diode (LED) irradiation.

Likewise, Yang et al. (2010) provided a series of N‐doped
anatine TiO2 photo‐catalysts active under the visible spectrum
[83]. Besides, porous Polyurethane is used to immobilise a V‐
dopant precursor by establishing chemical bonds. The porous
substrate could raise adsorption in photo‐catalyst and enhance
the dismissal of the toluene from aerosols. This approach is
efficient for the photo‐catalytic elimination and mineralisation
of toluene under visible spectrum and room temperature [84].
In another research, based on the sol‐gel and wet impregnation
approaches, NH4VO3 was used as a doped precursor to pre-
pare a new V2O5/S‐TiO2 (x) photo‐catalyst. This novel ma-
terial displayed significantly greater photocatalytic activity and
visible‐light absorption [85]. Furthermore, under the avail-
ability of the light source, CoO Nanocluster possesses Cu(II)
species attends as an electron acceptor over photo‐induced

TABLE 3 Recent photo‐catalytic oxidation (PCO) articles.

Materials Target(s) Mechanism Ref.

F, Cu‐doped TiO2 Methicillin‐resistant Staphylococcus aurous
(MRSA)

Visible‐light activated (VLA) photo catalysis and
copper ion toxicity

[66]

Pd‐TiO2 Airborne MS2 viruses VUV photolysis reaction in the gas phase due to
vacuum UV higher photon energy (6.70 eV)
and VUV photo catalysis

[67]

Cu‐TiO2 nanofibres Bacteriophage f2 and its hosted. coil285 VLA photo catalysis [68]

Graphitic carbon nitride (g‐C3N4) with low‐
density porous expanded perlite (EP) mineral
(g‐C3N4/EP‐520 composite)

E. coli and MS2 VLA water‐surface‐floating photo catalysis [69]

TiO2 coating Aspergillums Niger spores, E coli, Micrococcus
luteus, Bacillus subtitles (cells and spores),

UV light‐activated (UVLA)photo catalysis [70]

TiO2 and ZnO S. Aurous, P. aeruginosa, C. freundii, S.
saprophytic us, E. coli, MRSA, A. fumigatus,
Penicillium

UV light‐activated (UVLA) photo catalysis [71]

Nano‐sized TiO2 which coated porous ceramic Influenza virus H1N1 UVLA photo catalysis [72]

TiO2‐coated Pyrex Escherichia coli UVLA photo catalysis [73]

TiO2‐coated glass fibre filter Escherichia coli UVLA photo catalysis [74]

Polysiloxane coating polyurethane foam and
anchoring the active TiO2 particles

Legionella pneumophila UVLA photo catalysis [75]

TiO2 thin films/glass fibre Escherichia coli UVLA photo catalysis [76]

TiO2‐coated cellulose/polyester fibre Escherichia coli UVLA photo catalysis [77]

Cu‐doped TiO2/PU C. fermata VLA photo catalysis [78]

TiO2‐coatedmechanical filter Escherichia coli, Candida famata, λ vir phage UVLA photo catalysis + negative air ions [79]

Ag–TiO2/PU Escherichia coli VLA photo catalysis + adsorption [80]

Silver‐doped TiO2/activated carbon felt (ACF) Penicillium expansum Spores Photoelectron and UV light activated catalysis [81]

Abbreviation: VUV, Vacuum‐ultraviolet.

F I GURE 5 Photo‐catalyst classifications [82].
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interfacial charge transfer. As a result, these nanoparticles
could establish a type of anti‐virus Cu(I). They create
numerous holes with robust oxidation power in the valence
band of TiO2 under visible‐light irradiation [64]. The table
below describes the efficacy of PCO technology in the
reduction of various pathogens (Table 4).

12 | USE OF ARTIFICIAL
INTELLIGENCE AND MACHINE
LEARNING IN THE HEATING,
VENTILATION, AIR CONDITIONING

Artificial intelligence (AI) and machine learning (ML) is a new
area of research that is a promising technology used by many
healthcare providers. It can lead to increased speed and
improved processing power and perform health care tasks with
better quality and higher reliability than humans [87]. Thus,
healthcare clinicians and industries worldwide operated diverse
AI and ML technology to manage the COVID‐19 pandemic,
along with challenges during the outbreak. However, AI in the
medical industry is not dedicated to substituting human in-
teractions, but provides decision support for healthcare based
on what it is modelled for [88]. Contact tracing is an exciting
strategy for applying AI and ML in confrontation with SARS‐

Cov‐2. The contact‐tracking is for recognising and controlling
people that are infected with COVID‐19. For this purpose,
diverse countries could use digital contact‐tracing procedures
with phone software, using various techniques such as Global
Positioning System, Bluetooth, contact details, Social graph,
mobile tracking data, network‐based API (Application Pro-
graming Interface), system physical address, and card trans-
action data. All these apps are created to collect personal data
which is intercepted through AI and ML technology to track
someone who has recently been infected with SARS‐Cov‐2
[89]. We suggested equipping air purifiers like HVAC with
this technology for quickly identifying infected people and
automatically turning on and speedily cleaning the environ-
ment. In a recent study, a group of researchers introduced a
demand‐driven deep learning‐based framework with aid of a
deep learning algorithm and the artificial intelligence‐powered
camera that could be integrated with a management system of
building energy and deliver precise predictions of occupancy
conditioning and optimising the HVAC systems [90].

13 | PORTABLE AIR PURIFIERS IN
CURBING COVID‐19

The Centres for disease Control and Prevention presented a
guideline for airborne transmission emphasising Portable
HEPA filters. Portable HEPA filters integrated with a powered
fan system are an excellent choice for extra air cleaning. A
recent research reported that installing a portable HEPA could
effectively elevate the ventilation rate. They demonstrated that
infections airborne by 75% would be decreased in a room [91].
American Society of Heating, Refrigerating, and Air‐
Conditioning Engineers also suggested that using portable air
cleaners in confined areas (where difficult to hold social
distancing, such as small public spaces, fitness centres,
employee locker rooms or employee break rooms where the
ventilation is inadequate) could be extremely practical [92]. The
U.S. Environmental Protection Agency advises “Considering
the use of portable air cleaners to improve ventilation, filtration
and heating especially in areas where adequate ventilation is
difficult to obtain”. It is possible to limit the spread of droplets
that can carry infectious viruses by guiding the airflow so that it
does not blow directly from person to person [93]. A few
studies have also investigated the usage of air purifiers in
particular rooms to decrease the risk of illness. For instance,
Zhao et al. [94] conducted research and recommended the use
of air purifiers in dentistry clinics as an additional protection
approach during the COVID‐19 epidemic Action must be
taken quickly to improve indoor air quality and protect
households from respiratory disease in the event of future
pandemics [95]. To investigate the qualitative and quantitative
efficiency of the portable filtration systems in controlling the
spreading of COVID‐19, validated Computational Flow Dy-
namics models were developed and equipped in two common
public spaces ballroom and a restaurant. The results of the
study showed that the majority of the particles emitted by the
mouth of the infector are dispersed indoors before settling on

TABLE 4 Photo‐catalytic oxidation (PCO) proven pathogen
reduction [86].

Pathogen Results

Norwalk virus (nor virus) 99.6% reduction

Methicillin‐resistant Staphylococcus aurous (MRSA) 99.9% reduction

Staphylococcus aurous (S.aureus) 99.8% reduction

Clostridium difficile 99.8% reduction

Listeria monocytogenes (Listeria) 97.3% reduction

Group A streptococci (GAS) 97.4% reduction

Pseudomonas aeruginosa 99.9% reduction

Streptococcus pneumonia 99.9% reduction

Bacillus anthracis (Anthrax) 97.6% reduction

H1N1 (Swine flu) 99.9% reduction

H5N1 (Bird flu) 99.9% reduction

Stachybotrys chartarum (Fungus and spores) 99.4% reduction

Candida albicans (Mould and spores) 99.5% reduction

Volatile organic compounds (over 60 VOCs) 91% average
reduction

Volatile organic compounds (ammonia/Nox/H2S/
O3)

89% average
reduction

Odours (Alkanes, Acetone, Alcohols, Ketones) 87% average
reduction

Basidiospores (Allergens, Fungus, Ringworm) 99.4% reduction

Allergens (pet dander, dust mite antigens) 91% reduction
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people, equipment, tables, walls and the floor, while only a
small fraction of these particles are evacuated by the central air
conditioning system. [96]. An observation study in clinical
spaces of a hospital with patients with COVID‐19 indicated
that aerosols quickly crossed from the patient room into other
parts of the hospital. They reported that portable air purifiers
effectively cleared aerosols and decreased their spread to other
sites. They demonstrated two small portal air purifiers in a
single patient room approximately 99% of aerosols emptied
within 5.5 min [97]. Overall, we can conclude that using
portable air purifiers might assist as to control COVID‐19 in
closed places where air flowing is low.

14 | FUTURE PERSPECTIVES

Due to the high capacity of the COVID‐19 airborne epidemic,
many people are exposed to the disease in most places,
including schools, hospitals, stores, and other public places.
Indoor air ventilation systems with proper functioning are
essential to prevent indoor pollution in building a healthy
environment. On the other hand, since micro particles in
airborne such as dust and smoke can promote the transmission
of the virus, to combat this virus, these air ventilation systems
are beneficial in different approaches. Moreover, it can be a
relatively suitable strategy with more excellent knowledge of
the virus, including its structure, mechanism, unique charac-
teristics, and sensitivity to factors that play a role in its
persistence and transmission. However, using this knowledge
also need further studies on air purification and ventilation and
combining that knowledge for designing an appropriate system
to minimise virus transmission.

Heating, Ventilation, Air Conditioning systems conven-
tionally operate at very prescribed ventilation rates and tem-
perature settings [98] without focussing on energy efficiency.
Therefore, to attain optimal energy and a healthy indoor
environment, efficiency would be the chief challenge for
HVAC systems inventors. Novel and developed building
ventilation technologies could provide solutions to save energy
and achieve building energy efficiency through different as-
pects such as adjusted system sensing, progressive ventilation
systems [99], adjusted system sensing [100], monitoring [101],
regulatory technologies, and data analytics. Fluid mechanics
modelling also has widely been applied to form a scheme and
use in advanced ventilation systems.

Nevertheless, there is an extensive way to online control
different ventilation systems by CFD57. A CFD‐based ML
approach using artificial intelligence (AI) technology can be a
prospective technique to run high‐speed and accurate airflow
expectations to comprehend online ventilation control.
Another approach includes using recovered heat from exhaust
air in HVAC [33], Electrical Nanofiber filter strategy for
capturing COVID‐19 [35], or other strategies by using ultra-
violet radiation, and UV‐C radiation can disrupt COVID‐19
structures [32]. These approaches are currently in the experi-
mental stage. More comprehensive research is needed to ach-
ieve a proper approach to controlling the virus.

15 | CONCLUSION

The spread of the SAR‐COV‐2 virus through the air has been
proven in most studies. In numerous studies, to prevent the
spread of the disease, one of the common strategies is to prevent
its spread by air. These days, various studies are underway in the
field of air purifiers. Numerous studies show that air purifiers
and ventilation systems play an important role in controlling the
spread of infectious agents, especially in indoor spaces. Some
studies have suggested using advanced HVAC systems. Others
have suggested the use of temperatures above 60 degrees
Celsius, UV‐C fluorescent lamps, and the use of ozone to
disinfect the virus. Furthermore, using an electrical nanofibre
filter indicated could efficiently discharge the virus and decrease
the infection with SAR‐COV‐2. However, by considering the
widespread problem of the SAR‐COV‐2 virus and its variants
created for the economy and normal life of human society, there
is still a need to introduce a suitable and comprehensive venti-
lation system to control such problems. It seems that the use of
an integrated HVAC system that uses a combination of different
strategies such as heat and UV‐C fluorescent lamps can effec-
tively prevent spread of infectious agents.
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