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ABSTRACT
The COVID-19 pandemic has urged the need to reconsider how our built environments influence our health
conditions. The new guidelines have highlighted the importance of environmental settings in the virus
transmission process. Given that external air ventilation is a major element of a building’s energy
performance, it is necessary to investigate the influence of the new settings on the building’s energy
consumption. This study aims to determine the energy performance and infection risk of underfloor air
distribution UFAD and overhead systems OH when exposed to varying levels of external air ventilation.
The findings indicate that raising the rate of outside ventilation increases a building’s energy usage in all
climates. It is also shown that the UFAD system shows its energy-saving potential the most in cold climates
and higher ventilation rates. These findings suggest that it is critical to consider distinct ventilation
techniques to prevent rising energy consumption rates while lowering the risk of viral transmission.
Keywords: building energy consumption, EnergyPlus, ventilation rate, outdoor air, virus transmission
1

INTRODUCTION

The COVID-19 pandemic has urged the need to reconsider how our built environments influence our health
conditions. As of March 7, 2022, approximately 220 nations and territories have reported an epidemic of
coronavirus illness (COVID-19). The virus has infected about 447 million people globally and claimed six
million lives(“WHO Coronavirus (COVID-19) Dashboard | WHO Coronavirus (COVID-19) Dashboard
With Vaccination Data” n.d.). According to the World Health Organization (WHO), the United States is
one of the most seriously affected nations. ASHRAE, along with many other organizations such as the
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Federation of European Heating, Ventilation, and Air-conditioning Associations (REHVA), and the Society
of Heating, Air-Conditioning, and Sanitary Engineering in Japan (SHASE), issued guidelines on the
transmission of SARS-CoV-2 and the operation of HVAC systems. These documents have highlighted the
importance of enclosed spaces in their environmental setting in the virus transmission process. ASHRAE
has published several updated epidemic task forces to help building owners, managers, and engineers with
recommendations for controlling buildings’ HVAC systems. These epidemic taskforces have listed seven
basic approaches to reduce the infection risk in commercial buildings. The elimination of the virus, defined
as physically removing the hazard, is the most prioritized task in this report. Other features are listed as
substitution (replacing the risk), engineering controls (isolating people from the hazard), administrative
controls (changing the way of work), and personal protective equipment. According to WHO, the
ventilation rate is one of the most critical factors, which considerably influences the building’s energy
performance. The influence of the new COVID-19 related regulation on energy consumption is of great
importance, especially with regard to the building sector. Buildings account for about 35 percent of total
energy consumption and 38 percent of total global energy-related CO2 emissions. In the United States, this
amount is approximately 76 percent of total electricity consumption and 40 percent of total energy
consumption (Hamilton and Rapf 2020). HVAC systems are responsible for most of a building’s energy
consumption, making it critical to investigate how these new restrictions will affect HVAC energy usage.
This research aims to evaluate the energy performance and infection probability of underfloor air
distribution and overhead systems when subjected to varying degrees of outdoor air ventilation. We created
a model and simulated an actual office building in Phoenix, Arizona, employing ten different outdoor air
ventilation rates. Additionally, the energy performance of the same facility throughout seven different
climatic zones is examined and compared.
2

BACKGROUND

The ASHRAE position document on infectious aerosols refers to ventilation as the primary strategy for
removing contagious agents and disease control. Increasing outdoor air ventilation, using MERV-13 filters,
and running the system for long hours are their top three suggestions for non-healthcare buildings (Circle
et al. 2020). In addition, the ASHRAE epidemic task force for COVID19 has suggested building managers
comply with the minimum outdoor ventilation amount defined by ASHRAE Standard 62 while using
MERV 13 filters and continue the operation of all systems during the occupied hours (ASHRAE 2021).
The Federation of European Heating, Ventilation, and Air Conditioning (REHVA) also states that all the
recirculation dampers need to be closed at the time of the COVID-19 pandemic. If this results in reduced
cooling or heating performance, this must be accepted since preventing pollution and protecting public
health is much more essential than saving energy (J. Kurnitski, Franchimon, and Hogeling 2020). This
document argues that even the use of air filters does not justify opening the return air dampers since they
may be ineffective at preventing viruses. In an updated version in 2021, REHVA states that building managers should ensure that the required number of air exchanges in each hour is met since increasing air
exchanges per hour reduce transmission risk in enclosed settings. Depending on the space, natural or mechanical ventilation may be used (Jarek Kurnitski, Boerstra, and Franchimon 2021). Studies have started to
investigate the new ventilation guidelines and their possible influence on both building occupants and its
energy performance. While most of the recommendations in the studied guidelines are mostly similar, the
precise ventilation rate required to limit the spread of an airborne virus, such as SARS-CoV-2, is not specified and requires more investigation (Awada et al. 2021). Although there is still no fixed suggested number
for the building’s ventilation in a pandemic or post-pandemic time, it is necessary to study the performance
of different ventilation approaches on the infection risk. In addition to onsite CO2 measurements, the risk
assessment simulation models make it possible to calculate the influence of the ventilation rate on the infection risk based on the exposure time of the individuals(Li and Tang 2021). Using the well-known WellsRiley model, researchers have calculated the infection risk based on the average fresh air and human density, which were gathered by experimental measurements. Riley, Murphy, and Riley (1978) used data from
a measles epidemic in 1974 to develop this model, which is the most well-known model to quantitatively
quantify the risk of airborne infection. Numerous research on the spread of airborne infectious diseases
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have widely used the Wells-Riley model. For instance, Escombe et al. (Escombe et al. 2007) showed using
the Wells-Riley model that several building elements, including the ventilation rate, are significant removal
mechanisms for airborne infectious pathogens.
Computational Fluid Dynamic (CFD)-based studies have also compared different types of ventilation strategies, including mixing ventilation, zone ventilation, stratum ventilation, and displacement ventilation, regarding their ventilation performance and infection risk. The relative distance between the infected occupant and the outlet in an interior setting was shown to be a significant factor in the infection probability
(Ren, Zhu, and Cao 2022). The notable influence of ventilation strategies on the distribution of aerosols
and individuals’ exposure to viruses has been highlighted more in the presence of an infected individual.
The results indicate that displacement ventilation under the ASHRAE minimum required air-change rate
can bring more exposure risk with a small air change rate, which can be even greater than mixed ventilation
exposure risk. However, increasing the air change rate in this setting may effectively limit human exposure
to exhaled aerosols by providing additional clean air and changing the airflow characteristics (Pei, Rim,
and Taylor 2021; Yang et al. 2021). Recent research in this area has shown the improved air quality when
the ACH is increased displacement ventilation setting up to ACH 7 (Yang et al. 2021). Other research set
the reasonable required ventilation rate from ACH5 to ACH 10 to ensure a healthy environment (Bhagat
and Linden 2020). More in detail, previous studies on the influence of ACH on the percentage of inlet
concentration argue that increasing the ventilation rate up to ACH10 can improve the environment in the
occupied zone. However, increasing the ACH more than ACH10 had not shown much improvement in the
air quality. Researchers are also investigating the influence of the new COVID-19-related guidelines on the
energy consumption of the buildings. Some studies highlight the critical role of the building’s climatic
environment on the changes in energy consumption behavior. As they argue, in a typical high-rise office
building, these regulations will increase the energy consumption in climate zones above the mixed-humid
type. While this can decrease the energy use in climate zones below that (Cortiços and Duarte 2021).
Several recent and previous studies have shown the effectiveness of underfloor air distribution systems
(UFAD) on the ventilation performance of the room. The UFAD system offers various potential benefits,
including greater thermal comfort, improved indoor air quality (IAQ), and increased energy efficiency compared to traditional overhead systems (OH) and mixed ventilation approaches (Webster et al. 2012; Ashrafi
et al. 2019). The energy performance of HVAC system including the UFAD are highly dependent on the
climatic condition (Ashrafi et al. 2019; Pease, Chhabra, and Zolfaghari 2021).With regard to the infection
risk, the UFAD system mixes the air on a local level while preventing toxins from spreading across the
room. The local diffusers mix the air upward into a stratified layer, which is subsequently expelled from
the area through a return diffuser in the ceiling, making this system more effective in removing aerosols
than mixing ventilation (Burkett 2021). As the research shows, the infection prevention performance of
UFAD systems is highly dependent on the system setting, including the rate. Therefore, relying on an underfloor air distribution setting does not guarantee the viability of outdoor air exchange in decreasing the
virus exposure. In addition, this is of much importance to learning about the influence of these new UFAD
system settings on the energy performance of the building. In this study, we look into the impact of different
ventilation rates on the energy performance of UFAD systems. In addition, we compare the energy consumption increase with overhead systems in the same climatic conditions. Finally, we have looked into the
energy-saving potential of UFAD in comparison to OH as we increase the ACH. Based on the provided
literature, the ACH is increased up to ACH10 for both systems.
3

METHODOLOGY

This research aims to assess the energy performance of the UFAD and OH systems under different outdoor
air ventilation rates. To that end, we examined the yearly energy usage of an office building in a hot and
dry climate in detail. We chose seven major cities from different climatic zones based on ASHRAE
Standard 169-2013 (Crawley et al. 2013). Table 1 lists the chosen cities, each representing a distinct climatic
zone selected for model simulation. This simulation was conducted utilizing meteorological data files for

Ashrafi, Azarbayjani, Tabkhi and Sheikhshahrokhdehkordi

the original building climate, Phoenix, and six other cities, including Miami, Los Angeles, New York,
Chicago, Minneapolis, and Duluth.
Table 1: Selected Cities
CITY

ZONE

ZONE NAME

CITY

ZONE

ZONE NAME

Miami

1

Very Hot- Humid

Chicago

5

Cool- Humid

Phoenix

2

Hot- Humid

Minneapolis 6

Cold- Humid

Los Angeles
New York

3
4

Warm-Dry
Mixed-Humid

Duluth

Very Cold

7

3.1 Modeled Building Description
The studied space is the middle floor of a three-story office building in Phoenix, Arizona, with 4544 sq.
meters. The perimeter and interior zones are defined by the effective area of the windows and diffusers
connected to the building’s exterior wall, which results in a five-foot-wide perimeter zone. As displayed in
Figure 1, the interior zone is divided into three sub-zones based on the air handling unit’s effective area.
The supply and return plenums have been modeled as individual thermal zones with 60 cm heights.
Additional details about each zone are included in Table 2. The building’s construction method is based on
the required standards for climate zone two. The lighting, occupancy, and equipment schedules are based
on the real-world schedule of the building, which is typically inhabited from 6 a.m. to 6 p.m., and the
equipment is operational from 4 a.m. to 10 p.m.
Table 2: Building Model Properties
Walls

Construction
Ext Finish/Color
Exterior Insulation

Ground
Floor

Additional Insulation
Construction
Exterior Insulation

Metal Frame, 2*6, 16 in. O.c.
Wood/Plywood
‘Medium’ (abs= 0.6)
½ in. fiberboard sheathing (R13)
R-19 batt
4 in. Concrete
3 in. polyurethane (R-18)
Figure 1: Simulated Building Model

3.2 Building Conditioning System
We utilized the Energy Plus modeling program, which is presently the most suitable for modeling the
UFAD due to its ability to account for room stratification and simultaneous stimulation of zones, systems,
and plants (Schiavon et al. 2010). The simulation include detailed information about lighting, equipment,
occupants, and schedules of the existing building due to their importance in final energy consumption
(Zolfaghari et al. 2020). The UFAD system used in this project is a variable air volume (VAV) design with
electric reheat in the perimeter zone. The system’s supply air temperature is determined by the building’s
information system, which is 15°C. The supply plenums are ducted using a fabric duct system, which
minimizes thermal decay and increases fan energy savings. The cooling supply air temperature for the OH
system is 11°C, and the static fan pressure is increased to 1000 Pa. Our first scenario is the baseline
simulation with 1 Air Change per Hour (ACH) based on the existing building. In the baseline scenario, the
minimum outdoor air amount is defined as slightly higher than the requirement of ASHRAE 62.1-2019 for
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an office environment, which is 17 CFM/person (ASHRAE 2019). We have run the simulations for both
UFAD and OH, starting with a 1ACH for each city and raising it to a 10ACH in separate simulations.
3.3 Simulation Validation
The EnergyPlus version we have used for this simulation is V9.5.0. Its ability to simulate UFAD systems
was validated by Webster et al. (2008) in detailed laboratory tests (Raftery et al., 2012; Schiavon et al.,
2011). In addition, this is essential to validate the energy model simulation for making sure of having a
reliable presentation of building’s energy performance (Mostafavi et al. 2018). We decided on two business
weeks in the winter (January) and summer (August) to validate the simulation in heating and cooling modes.
In addition, to validate our simulations, we compared the interior air temperature collected by data loggers
in the Phoenix building’s perimeter zones to the zone air temperature outputs from the simulations. The
north perimeter zone was chosen for comparison, and the average room temperature was compared
throughout the day and during occupied hours. Table 3 shows the observed and simulated average zone
temperatures during the occupied hours. As seen in Table 4, the simulation results match the temperature
data for cooling and heating days, with respective zone set point temperatures of 24 °C and 21 °C. The
Error column represents the allowed simulation error, which is less than 4% on all the selected days.
Design Day Measure
8/15/2016 25.20
8/16/2016 25.22
8/17/2016 25.46
8/18/2016 25.00
8/19/2016 24.92

Model
24.97
24.55
24.52
24.51
24.47

Table 3: Simulation Validation
Error (%) Design Day Measure
0.009
1/18/2016
19.98
0.026
1/19/2016
20.31
0.036
1/20/2016
20.60
0.019
1/21/2016
20.51
0.018
1/22/2016
20.43

Model
20.47
20.50
20.56
20.50
20.48

Error (%)
-0.02478
-0.00925
0.002119
0.00015
-0.00251

3.4 Infection Probability
The concept of a "quantum of infection" serves as the foundation for the Wells-Riley equation. The quantity
of infectious airborne particles necessary to infect a person is referred to as a quantum. This model is widely
used for quantitative risk assessment of infectious illnesses in indoor environments since it is fast and does
not need interspecies extrapolation of infectivity. Assumptions made by the Wells-Riley model were based
on a number of basic ones. Therefore, the chance of infection is uniform inside a restricted area, the
ventilation and infector numbers are constant, and the biological decay of airborne infectious pathogens, as
well as infectious particle removal induced by filtration and deposition, are negligible, all at the same time.
𝐶

P = 𝑆 = 1 − exp (−

Iqpt
)
Q

(1)

P stands for probability of infection, C for infection cases, S for susceptibles, and I for infectors. q stands
for quanta generation rate (quanta/h), p stands for pulmonary ventilation rate for a person (m3/h), t stands
for exposure time interval (h), and Q stands for room outdoor ventilation rate (m3/h).
4

RESULTS

We ran ten simulations with varying ventilation rates on the same building model in each of the seven
specified climates and two different systems totaling 140 runs. The results are investigated by looking into
total annual energy consumption and annual energy usage by different fan, cooling, and heating energy
categories.
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4.1 Total Energy Consumption
We included the final data for ten ventilation rates since each simulation's overall HVAC energy
consumption is noteworthy. The energy consumption increase of the building’s HVAC system per
conditioned space is shown in Table 4 and 5. As shown, increased outdoor air ventilation results in increased
energy usage in most scenarios. However, the pattern of energy consumption change varies across climatic
zones at higher and lower latitudes. While Miami (zone 1, very hot-humid) and Phoenix (zone 2, hot-humid)
see an immediate rise in energy consumption due to increased ventilation levels, climates in lower latitudes
display an initial drop followed by a final increase in energy consumption. The energy consumption of all
higher latitude cities, including New York (zone 4, mixed-humid), Chicago (zone 5, cool-humid),
Minneapolis (zone 6, cold-humid), and Duluth (zone 7, extremely cold), was initially reduced by increasing
the ventilation rate, which can be achieved by introducing fresh air with the desired temperature into the
building during the summertime. However, the high temperature of the outside air in lower latitude areas
necessitates conditioning it before mixing it with the building’s air system. For cities with milder climates,
such as Los Angeles (zone 4, warm-dry), energy consumption stays constant in the first four simulations,
with an increase in ventilation rate (reaching ACH4) followed by a decrease in energy consumption rate.
There is also an increase in energy consumption for the OH system as we increase the ACH. However, the
increase rate is lower than in the UFAD system. As can be observed in the comparison of final numbers
with ACH10 in all the climates, the UFAD system needs to increase the energy consumption much more
than the OH system to provide the same ventilation rate. These results can be justified due to the low airflow
rates in the UFAD system, which is one of the main reasons for energy saving in this setting.
Table 4: HVAC Energy Consumption Increase Percentage (MJ/m2) for UFAD
ACH

2

3

4

5

6

7

8

9

10

11.09
6.29
-5.91
0.07
-9.29
-11.31
-16.08

29.02
16.14
0.46
0.00
-8.59
-8.56
-17.94

48.31
30.33
14.81
2.06
-0.02
3.94
-12.43

68.72
47.64
51.16
7.39
12.47
20.79
-3.71

91.29
67.85
73.57
17.55
44.98
38.82
7.66

114.8
91.67
98.13
30.75
46.00
59.56
23.60

140.33
118.13
126.11
49.49
64.40
82.11
41.99

166.6
146.5
157.0
70.7
86.5
106.1
62.8

193.39
177.33
187.60
98.26
109.81
133.13
86.86

City
Miami
Phoenix
New York
Los Angeles
Chicago
Minneapolis
Duluth

Table5: HVAC Energy Consumption Increase Percentage (MJ/m2) for OH
ACH
City
Miami
Phoenix
New York
Los Angeles
Chicago
Minneapolis
Duluth

2

3

4

5

6

7

8

9

10

14.81
7.49
5.25
5.87
1.28
-1.68
-1

33.59
18.44
6.00
14.38
0.56
-3.25
-4

52.98
31.40
14.21
25.14
5.46
3.55
-1

71.42
43.99
24.68
33.68
11.33
9.50
3

90.39
57.89
36.19
41.97
18.90
16.62
7

110.87
74.37
49.61
53.13
28.05
26.01
13

132.53
92.33
64.05
66.45
38.42
36.35
20

154.61
111.10
79.08
80.74
49.13
47.10
28

179.18
132.60
97.35
98.99
62.19
59.70
39

Furthermore, we have looked into the difference in energy consumption for our lowest and highest
ventilation rate simulations, shown in Figure 2(below). The graph displays the annual HVAC energy usage
per condition when the air change per hour increases from 1 ACH to 10 ACH in all the selected cities. In
addition, the final energy consumption difference between the lowest and highest ventilation rate scenarios
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is displayed by the yellow dotted line. As Figure 3 shows, HVAC energy consumption increases
exponentially in all climates. The slope of increase varies according to the city’s climatic conditions.

60%
40%
20%
0%
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Energy Consumption Increase (%)

80%

27.72%

37.42%
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(MJ/m2)

100%
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46.49%
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65.23%

63.94%

500
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200
150
100
50
0

72.65%

Annual HVAC Energy Consumption (MJ/m2)

UnderFloor Air Distribution

Linear (Difference)

Figure 2: Annual Energy Consumption in the First and Last Scenarios
In the colder climates of Duluth, Minneapolis, New York, and Chicago, the UFAD energy consumption
decreases from ACH 1 to ACH 2 and ACH 3. This pattern is the same in the OH system for those climatic
conditions. The rate of the energy consumption increase is relatively low as we increase the ACH to 4. In
a milder climate such as Los Angeles, the OH system shows an immediate rise in energy consumption as
we increase the ACH; however, in the UFAD system, the initial increase in ACH does not result in an
energy consumption increase. The hotter climates show higher increase rates. This behavior is extreme for
Miami in very hot and humid conditions, and the energy consumption increase is not affected by the air
distribution system setting.
OverHead Air Distribution

400

HVAC Energy Consumption
(MJ/m2)

HVAC Energy Consumption
(MJ/m2)

450
350
300
250
200
150
100

Ventilation Rate (Air Change Per Hour)

450
400
350
300
250
200
150
100
50

UnderFloor Air Distribution
Miami
Phoenix
New
York
Los
Angeles
Chicago
Minnea
polis
Ventilation Rate (Air Change Per Hour)

Figure 3: HVAC Energy Consumption in Different Ventilation Rates
4.2 Fan Energy Consumption
Outdoor air ventilation directly affects fan energy consumption. Therefore, it will not be affected by the
climatic conditions and will consistently increase as the outdoor ventilation rate increases. A complete
demonstration of the simulation results for fan energy consumption is shown in Figure 4 by displaying all
ten ventilation rate scenarios for the selected cities. By looking at the numbers in Table 6, we can see that
for both systems, the lowest fan energy consumption is at Duluth, at 23.67 MJ/m2, and the highest fan
energy consumption is at Miami, at 28.89 MJ/m2. In Figure 5, we observe a consistent increase in the fan
energy consumption for all the climates. These numbers are in line with the literature and indicate that the
increase in fan energy consumption is independent of the climatic conditions. It can also be observed that
the fan energy consumption of the UFAD system is lower than the OH system in all the scenarios, which
is expected as the UFAD system deliver the supply air with lower velocity to the occupied zone.

UnderFloor Air Distribution

OverHead Air Distribution

Fan Energy Consumption (MJ/m2)

Fan Energy Consumption (MJ/m2)
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Figure 4 : Fan Energy Consumption in All Different Ventilation Rates
4.3 Cooling and Heating
The annual energy consumption through cooling and heating coils is extracted for all twenty scenarios in
each city, as shown in Figure 5. As it is expected, the cooling energy in the hot and humid climate of Miami
increases immediately. This behavior is due to introducing additional unconditioned outdoor air, which will
result in increased heating load, especially in the summertime. Additionally, in humid areas such as Miami,
dehumidification often accounts for up to half of the cooling ventilation load, resulting in considerable
supply air temperature decrease and overcooling. In all other climates, the cooling energy is decreased
initially due to increased outdoor air ventilation rate. The cooling energy consumption is due to introducing
fresh air with the desired temperature in the cooling mode, which continuously decreases the cooling energy
up to a specific ventilation rate for each city. The cooling load increases after the ventilation rate reaches
4ACH for Phoenix and New York, 5ACH for Chicago, and 6ACH for Los Angeles. Increased ventilation
rates result in a significant increase in energy consumption to support the heating or cooling of incoming
air to maintain a desired degree of comfort. The Heating load is most prominent in the cold climates of
Minneapolis and Duluth, which will result in an initial decrease in heating energy, followed by increasing
heating energy consumption from the 6th simulation run in both cities (6). We believe that this decrease in
energy consumption is a result of the building room air model, which is underfloor air distribution. As
mentioned before, this air conditioning approach provides the conditioned air directly to the occupied level
with a lower supply air temperature in the heating mode (18℃). As the conditioned warm air travel
upwards, it will enter the return air plenum. This approach makes the underfloor air distribution systems
work more efficiently than the overhead systems in the heating mode. The efficient strategy makes it
possible to use additional airflow rates throughout the day for space heating.
4.1 Energy Saving Potential
The UFAD system shows its energy-saving potential the most in cold climates. This behavior can also be
observed in Figure 6, which presents the energy-saving potential of the UFAD system in understudied
climates. This energy-saving ability increases in most climates as we increase the ACH up to ACH 6, which
is an acceptable ventilation rate for minimizing the infection risk. This shows for having a healthy indoor
environment with the ability to dilute the viruses and pollutants the UFAD systems offer better energy
performance. We can conclude that although the energy consumption increases by increasing the ACH,
using proper air distribution systems such as UFAD can result in a better performance in comparison with
other systems.
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Figure 5: Energy Saving in UFAD compare to OH
200%
150%
100%

50%
0%

ACH1
Miami

ACH2 ACH3 ACH4 ACH5 ACH6 ACH7
Phoenix
New York
Los Angeles
Chicago

ACH8 ACH9 ACH10
Minneapolis
Duluth

Figure 6: Heating and Cooling Coil Energy Consumption for All Cities
4.2 Infection Probability
Moreover, we demonstrate how the probability changes with ventilation rate for a defined office space.
We take into account 430 total occupants based on the energy plus model and the absence of masks in order to standardize the findings. We have repeated the calculations for 1 to 10 infectors. We choose the
quanta generation rates based on two usual levels of talking and breathing, which are 100 m3/h and 10
m3/h, respectively. The infectious quanta dosage that was received in each space may be computed as a
function of the overall ventilation rate using Equation 1. Figure 7 displays these results. The predicted infection rate varies considerably among different ventilation rates and climates.
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Figure 7: Infection Probability Based of Different Ventilation Rates
Figure 8 presents the changes in energy consumption based on different infection probabilities, which
vary by changing the outdoor air ventilation rate. It is important to mention that the Wells-Riley model
assumes that the air in the space is well-mixed and the concentration of particles is uniform in all the
room, which doesn’t let us vary the UFAD and OH system in this regard.

UFAD
HVAC Energy Consumption
(MJ/m2)

HVAC Energy Consumption
(MJ/m2)
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350
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210

Chicago
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110
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0.04
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Infection Probability

0.08

0.10
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Figure 8: Infection Probability and Energy Consumption Tradeoff
5

CONCLUSION

Due to plenty of scientific evidence about the airborne viruses’ transmission behaviors, it is absolutely
necessary to reevaluate our building control system at the air conditioning level. The ventilation rate and
outdoor air percentage in the mixed supply air temperature are two of the most important factors that need
to be increased to reduce the infection risk in a building. While most of the recommendations in the studied
guidelines are mostly similar, the precise ventilation rates required to limit the spread of an airborne virus
such as SARS-CoV-2 are not specified and require more investigation. This study has investigated the
changes in building energy consumption and infection probability as the ventilation rate increases across a
wide range. We have learned that the energy consumption increase is primarily due to the additional fan
energy usage. In addition, the hot and humid climates have shown higher energy consumption increases in
comparison to climates at higher latitudes. The infection probability was shown to decrease immediately
by changing the ventilation rate, especially in the initial increased levels. Therefore, it is important to find
a balance between the energy and ventilation performance based on the air distribution system and the
climatic conditions. This result indicates that it is essential to consider other possible approaches for outdoor
air ventilation, including natural ventilation.
This study only looked into the influence of outdoor air ventilation on building energy consumption as one
of the most critical post-COVID building control strategies. Other suggested approaches, including adding
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MERV13 filters, running the HVAC system for additional hours before and after occupancy, and decreasing
the number of occupants, will be investigated in future studies. Moreover, this study uses an analytical
approach for calculating the infection probability in the room, which does not allow us to change the air
system strategy (UFAD or OH). We need additional CFD based analysis to look into the impact of different
ventilation strategies on the infection probability.
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