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Abstract

This paper presents an evaluation of the impact of changes
in building HVAC system operation guidelines, aiming to
reduce COVID-19 propagation, on building energy
performance. Given the recentness and emergency nature
of these responses, there is a gap in the literature
addressing the energy performance impact of these new
recommendations. Practical measures recommended by
ASHRAE and REHVA are implemented in a computer
simulation model of an existing building, created using
the eQUEST program. Results show the increase of
building EUI and operating cost mostly in the range of
20% to 60%. This increase is mainly due to additional: (a)
space heating and cooling thermal loads, and (b)
ventilation fans and pumps electricity consumption;
caused by longer operation hours, increased ventilation
rates and the implementation of humidity control. This
research showcases the application of modelling tools in
the support of public guidelines development, and it
serves as an encouragement to consultants and researchers
to explore methods for mitigating the impact and
increasing feasibility of public health regulations.

Key Innovations

e A novel study showcasing the impact of
COVID-19 operation guidelines on the
building’s energy performance

e Application of Building Energy Modelling
(BEM) in the support of public guidelines
development

Practical Implications

The findings of this study would present only the tip of
the iceberg, which would encourage the consultants and
researchers to explore and implement different solutions
to mitigate the increase of energy use and cost.

Introduction

The knowledge of the COVID-19 is a field of constant
change, as scientists and medical personnel work around
the clock with limited information to bring new evidence
on how to limit the spread of the disease. Despite having
incomplete knowledge, it is critically important for all of
us to make informed decisions, armed with best
engineering practices, to limit preventable risks of
COVID-19 infection.

Recently, new evidence on the airborne transmission
mechanisms of the SARS-CoV-2 has been brought to

light, particularly with respect to long-range aerosol-
based routes. This evidence has highlighted ventilation
measures as an important resource in the infection control
of indoor environments. Shortly after the onset of the
pandemic, HVAC professionals and institutions have
responded with advice on the operation and use of
building systems to prevent or minimize virus spread.

Kurnitski (2020) has published a continuously updated
guidance document intended for HVAC professionals and
facility managers, discussing building services related
precautions applied to commercial and public buildings.
These precautions cover temporary and easy-to-organise
measures that can be implemented in existing buildings
that are in use during the pandemic, seeking to prevent the
spread of COVID-19 depending on HVAC or plumbing
systems related factors.

Schoen (2020) commented about the limited impact that
HVAC systems have on the transmission of infectious
diseases in most non-medical buildings. The author
suggested a series of priority policies encompassing social
distancing, surface cleaning and disinfection,
handwashing and good hygiene. In addition to these
measures, a list of HVAC-related actions for buildings
that must stay open, due to their essential functioning to
the public is presented.

Mazzarella (2020) presented a roadmap for risk reduction
in the diffusion of COVID-19 in buildings. The protocol
consists of a decision tree that qualifies suggested
interventions based on system characteristics such as the
type of the HVAC system (all air system or air-water
system), the number of zones that the system serves, and
the recirculation ducts typology. The roadmap is further
extended in detail to healthcare facilities, and the
interventions are broken down into three categories:
actions on control systems, maintenance staff actions, and
plant modifications.

A summary of the practical measures for building services
operation that are directly related to HVAC system
operation is given below. Practical measures are divided
in three categories: ventilation rates, operation, and
maintenance and upgrades.

A. Recommendations concerning ventilation rates:

A.1.Increase outdoor air ventilation (use caution in highly
polluted areas), aiming to improve the effective
dilution ventilation per person.

A.2.Provide adequate outdoor air ventilation for spaces.
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A.3.Switch air handling units with recirculation to 100%
outdoor air, by further opening minimum outdoor air
dampers, as high as 100%.

A.4.Increase supply air flow rates, by increasing the
supply frequency in inverter equipped fans or by
changing the diameter of pulleys in belt and pulley
equipped fans.

A.5.Where possible, supplement mechanical ventilation
with natural ventilation (e.g. by opening windows
regularly).

A.6.Avoid open windows in toilets to maintain the right
direction of ventilation air flow.

B. Recommendations concerning operation:

B.1.Switch ventilation on at nominal speed at least 2
hours before the building opening time and set it to
lower speed 2 hours after the building usage time.

B.2. At nights and weekends, do not switch ventilation
off, but keep systems running at a lower speed.

B.3. Adjust fan coil settings to operate for longer hours, if
possible, making fans continuously on.

B.4. Adjustment of setpoints for heating or cooling
systems is not needed, since up to date no direct
implications of indoor air temperature have been
established for the risk of virus transmission.

B.5.Keep relative humidity setpoint above 40% to avoid
making nasal mucous membranes dry, which reduces
their barrier function to viruses.

B.6.Keep toilet ventilation in operation 24/7.

B.7.Disable demand-controlled ventilation (DCV).

C. Recommendations concerning maintenance and
upgrade:

C.1.Inspect heat recovery equipment to be sure that
leakages are under control. If leakages are detected,
deactivate heat recovery units to prevent cross
contamination between exhaust air and outdoor air.

C.2.Carry out scheduled duct cleaning as normal
(additional cleaning is not required).

C.3.Replace central outdoor air and extract air filters
according to the maintenance schedule.

C.4.Regular filter replacement and maintenance works
shall be performed with common protective measures
including respiratory protection.

C.5.Improve central air filtration to the MERV-13 or the
highest compatible with the filter rack, and seal edges
of the filter to limit bypass.

C.6.Consider portable room air cleaners with HEPA
filters.

C.7.Consider UVGI (ultraviolet germicidal irradiation),
protecting occupants from radiation, particularly in
high-risk spaces such as waiting rooms, prisons and
shelters.

C.8.Introduce an Indoor Air Quality (IAQ) sensor
network that allows occupants and facility managers
to monitor that ventilation is operating adequately.

One of the challenges in implementing these measures is
the increase in the operating cost, due to the increase in
energy consumption, and the need for additional
investment to perform plant modifications. In practice,
most buildings operate to provide compliance to
minimum thermal comfort and indoor air quality

requirements set out in policies and enforced by
legislators. Building operators often seek for solutions
that can reduce the operational cost, by increasing the
energy efficiency of building service systems (Regnier,
2012).

The pandemic has had profound effects in our societal and
economic systems. In the context of commercial
buildings, lockdown measures caused a disruption in the
typical leasing cycle. Touring and other leasing activities
plunged, causing many listings to turn vacant.
Institutional buildings have had their in-person activities
halted, with many of their former operations running
remotely. As an example, in the Canadian office market,
a decreasing trend in overall building vacancy rates that
was in place since 2017 was stopped in the first quarter of
2020, and since then, the vacancy rates have increased by
15% (CBRE, 2020).

In a market deeply affected by these contingency
measures, it is of paramount importance understanding
the impact of such guidelines that would allow the return
of continuous operation of buildings under safer
conditions have on the building operating cost. One way
of assessing these impacts is by using building simulation
tools to compare before and after scenarios for each
recommendation. Many simulation tools were developed
over the past 50 years and are used extensively in building
energy prediction. Examples are the DOE-2, EnergyPlus,
eQUEST, ESP-r and TRNSYS programs, each one with
varying features and capabilities (Crawley et al., 2005).

The impact of each recommendation on the base case
performance is assessed using a series of energy Key
Performance Indicators (KPIs). These KPIs represent the
interaction of the building’s characteristics, design,
equipment selection and operation. As such, they can be
used at different stages in a building’s lifecycle to
optimize its construction and/or operation by providing a
metric to compare different scenarios. Simulation outputs
can be organized and derived into KPIs that can be
benchmarked with other sources to assess the efficiency
level of an equipment, system or building.

To perform these comparisons, publications concentrate
on whole-building KPIs relating to two categories: energy
consumption and energy cost. In terms of energy, the
whole-building annual energy consumption is a popular
choice, since it is a concise metric that covers the
interactions of the proposed changes between all the
modelled systems of a building in a range of weather
conditions. In terms of cost, the whole-building annual
energy cost is also a popular choice, since it represents
whole-building energy interactions, while bringing to the
table an important concern for building owners and
operators: the financial expenditure related to operation.

This paper presents an assessment of the impact of some
practical measures aiming to deter the transmission of the
COVID-19 on a case study institutional building. The
application of the simulation tool with results
consolidated in energy related KPIs add to the pandemic
pool of knowledge and serve as an encouragement to
consultants and researchers to explore and implement
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different solutions to make these practical measures more
feasible and resource efficient.

Method
The following steps taken in the present study are listed.

1. Creation of a reference building energy model,
developed to be compliant to the National Energy
Code of Canada for Buildings (NRC, 2017).

2. Selection of some practical measures, and
corresponding building energy model input variables.

3. Extraction and organization of the results into energy-
related KPIs.

4. Analysis of the guidelines impact and conclusions.

Building energy model development

The building envelope, loads and systems are modelled to
fully embody the energy efficiency requirements of
NECB-2017. The airtightness of the envelope was set as
a constant value per unit area of external envelope,
respecting the maximum air leakage present in the code.
The fully compliant case study reference building model
serves as a benchmark to evaluate the impact of the
recommended COVID-19 operation guidelines on
selected energy-related KPIs.

The chosen building is the Centre for Structural and
Functional Genomics (Figure 1), a research facility of
Concordia University. This research facility comprises
mainly office and laboratory spaces served by ancillary
conference rooms, storage rooms and corridor spaces.

N

Figure 1: 3-D Rendering of satellite imagery of
Genomics Building (Google Maps).
The case study building was modelled using the eQUEST
(James J. Hirsch & Associates, 2018) program (Figure 2).
In addition to its wide range of applications, eQUEST has
a user-friendly graphical interface that assists in creating
and changing input files in a straightforward manner. It is
also quick in producing results, with reduced runtimes for
projects with a high number of spaces (Rallapalli, 2010).

w

Figure 2: 3-D Geometry view of the Genomics Building
(eQUEST model).

General building characteristics are listed in Table 1.

Table 1: General building characteristics

Variable Value

Total Floor Area (m?) 3,455
Maximum Occupants (person) 197

Occupancy (m*person) 17.54

Total Gross Wall Area (m?) 1,946
Total Window Area (m?) 748

Total Roof Area (m?) 1,152

A representation of the water-side system modelled in
eQUEST is presented in Figure 3. The chilled water loop
comprises a water-cooled chiller, a chilled water (CHW)
pump and a central cooling coil. The condenser water loop
consists of a cooling tower and condenser water (CW)
pump. The hot water loop consists of a natural gas-fired
boiler, a hot water (HW) pump, a central heating coil and
a set of baseboard heaters and reheat coils installed in each
zone.
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Figure 3: Water-side HVAC System representation.

A representation of the air-side system modelled in
eQUEST is presented in Figure 4. The system is a multi-
zone Variable Air Volume (VAV) system with VAV
boxes with reheat. An outdoor air economizer is also
present. No Energy Recovery Ventilators (ERV) or Heat
Recovery Ventilators (HRV) were considered, since the
supply air flow rate is below the required threshold
prescribed by NECB-2017.
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Figure 4: Air-side HVAC System representation.
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Selection of input variables

Practical measures concerning ventilation rates and
operation were selected from the list of recommendations
given by the competent HVAC authorities to be
implemented in simulation cases. Since many of the
maintenance and upgrade recommendations relate more
to IAQ than to HVAC system operation (e.g. duct
cleaning, air filters, UVGI lamps), these
recommendations were not included in the modelling.

Input variables in the eQUEST model corresponding to
each of the proposed practical measures were identified
and assigned numeric values corresponding to gradual
increases to the values present in the base case model. For
these changes in the input variables to represent changes
to an existing building, primary and secondary equipment
capacities were calculated for the base case model and
then set to a constant value for all cases.

A description of the practical measures and the respective
numeric values assigned to the base case variables are
summarized in Table 2. The practical measures are
divided into three major categories: increase in the design
outdoor air (OA) ratio, increase in the air flow rate
schedules, and the implementation of a centralized
humidity control.

The first practical measure is the increase of the design
OA ratio, with the corresponding eQUEST variable
being the “SYSTEM:MIN-OUTSIDE-AIR . This variable
is defined as the minimum outdoor air flow divided by the
supply air flow during winter heating periods. The design
supply airflow, design OA ratio and the design outdoor
airflow in the base case scenario are 7,344 L/s, 0.156 and
1,145 L/s, respectively.

The system is equipped with an airside economizer,
capable of modulating the OA ratio by changing the
opening position of dampers placed in the return and
outdoor air ducts, when the outdoor air temperature is
favourable. The modelled economizer will attempt to
maintain the mixed (return and outdoor) air temperature
at the specified cooling coil (or cold deck) temperatures
minus the fan heat gain, if any. Given the airside
economizer configuration, the hourly operational OA

ratio will fluctuate as a function of outdoor air
temperatures between the design OA ratio and a
maximum of 1.00, when the return dampers are closed.

Four cases (Case 1 to Case 4) are studied for this practical
measure, with a numeric value assigned to the
corresponding variable representing an increase in the
design OA ratio, from the base value of 0.156 (Base Case)
to 0.25 (Case 1), 0.50 (Case 2), 0.75 (Case 3) and 1.00
(Case 4). The last case modelled with a design OA ratio
of 1.00 corresponds to a scenario in which there is no
recirculation of indoor air.

The second practical measure is the increase in the air
flow rate schedule, with the corresponding eQUEST
variable being the “ZONE:MIN-FLOW-SCH”. This
variable is defined as the zone minimum flow schedule
and is composed of hourly values representing a fraction
of a design value. This schedule will override the
specified or calculated value by the standard eQUEST
algorithm of the minimum flow ratio. This allows for the
hourly programming of the minimum supply airflow rate
in each zone.

Three cases (Case 5 to Case 7) are studied for this
practical measure, with a numeric value assigned to the
corresponding variable representing an increase in the
zone minimum supply airflow rate, from the base case
model simulated with regular operating schedules taken
from NECB-2017.

The first change (Case 5) represents a strategy of flushing
the zones from pollutants by operating at the nominal
supply air flow rate 2 hours before it is occupied and by
operating at a reduced rate (30% of the nominal rate) 2
hours after the zone has been vacated. To ensure better
IAQ, when the zones are occupied the system operates at
the nominal supply air flow rate.

The second change (Case 6) represents a continuous
operation of the ventilation system, with varying air flow
rates depending on whether the zones are occupied or not.
The system operates at nominal capacity when the zones
are occupied and at a reduced rate (30% of the nominal
rate) when the zones are not occupied.

Table 2: Summary of simulation cases, HVAC changes to each case, eQUEST variables and values

Case Description of practical measures (HVAC changes) eQUEST Variable Value
Base Case - - -
Case 1 Increase of design OA ratio to 25% SYSTEM:MIN-OUTSIDE-AIR 0.25
Case 2 Increase of design OA ratio to 50% SYSTEM:MIN-OUTSIDE-AIR 0.50
Case 3 Increase of design OA ratio to 75% SYSTEM:MIN-OUTSIDE-AIR 0.75
- : o - :
Case 4 Increase of design OA ratio ‘.[o 100% (no indoor air SYSTEM:-MIN-OUTSIDE-AIR 1.00
recirculation)
Operation schedule at nominal air flow rate set to two hours
Case 5 before and during occupation; and at 30% nominal rate for ZONE:MIN-FLOW-SCH 0.30; 1.00
two hours after occupation
Case 6 Operatl'on schedule at norpmal air flow rate durn.lg ZONE:MIN-FLOW-SCH 0.30: 1.00
occupation, and 30% nominal rate when unoccupied
Case 7 Operation schedule at nommgl air flow rate set to continuous ZONE:-MIN-FLOW-SCH 1.00
operation (24/7)
TS : — 5
Case 8 Humidistat 1mplemente;d to achle.ve minimum 40% RH SYSTEM:MIN-HUMIDITY 50.0
during operation
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The third change (Case 7) represents a continuous
operation of the ventilation system, with nominal flow
rates regardless of the zone occupation.

The third practical measure is the implementation of a
centralized humidity control, with the corresponding
eQUEST  variable being the  “SYSTEM:MIN-
HUMIDITY . This variable is defined as the setpoint of
the humidistat attached to an electric humidifier installed
in the air handler. For locations such as Montréal that has
severe winter weather conditions, if left uncontrolled the
humidity can drop below 20%.

One case (Case 8) is studied for this practical measure.
This last change comprises, with a humidity setpoint of
50%, aiming to keep the indoor relative humidity above
the 40% at all times.

Results

Benchmarking the whole building KPIs against median
values taken from the literature demonstrates the benefits
of using NECB 2017 during the design and construction
of new buildings. A comparison between the values
obtained for the base case simulation and benchmark
median values from literature or benchmark example
buildings provides an idea of the order of magnitude of
the savings that can be achieved. The results are compiled
in Table 3, with the respective percent difference and
references used for the comparison.

Table 3: Comparison of Whole Building KPIs of the base
case scenario with literature benchmarks

Variable Value | Benchmark Diff.
Energy Use Intensity | 0.646 0.99 -34.7%
(GJ/m?)
Peak Electric Demand | 26.9 36.6 -26.5%
(W/m?)
Annual Energy Cost 12.73 31.10 -59.1%
($/m?)

A reduction of 34.7% in the Energy Use Intensity (EUI)
was observed when comparing the results of the base case
annual building energy consumption with the Canadian
National Median Reference Values for office buildings
taken from the ENERGY STAR Portfolio Manager
database (USEPA, 2018).

There is an overall reduction in the peak electric demand
per floor area of 26.5% when compared with a benchmark
office tower located in Toronto, ON, Canada. A reduction
in the annual energy cost of 59.1% was observed when

comparing the base case simulation with the benchmark
office building (Tong, 2017).

Some cost and energy related KPIs comparing the
performance of all simulated cases are presented in Figure
5 and Figure 6.

Regarding first practical measure simulated (Case 1 to
Case 4), an increasing trend of the EUI proportional to the
amount of design OA flow rate introduced into the
building is verified. A maximum increase of 58.6% in the
EUI relative to the base case is verified for the measure of
no recirculation of indoor air. The same trend is verified
in the annual energy cost, with a maximum increase of
40.1%, the annual natural gas consumption, with an
overwhelming maximum increase of 109.8%, and the
annual system COP, with a maximum increase of 3.5%.
A slight increase in the maximum monthly peak electric
power of a maximum of 8.8%, likely caused by an
increase in the fan power consumption, was verified,
presenting a logarithmic behaviour with the design OA
ratio. The annual electricity consumption was not
substantially affected by this practical measure.

Regarding the second practical measure simulated (Case
5 to Case 7), an increasing trend of the EUI proportional
to the supply air flow rate introduced into the zones is
verified. A maximum increase of 67.5% in the EUI
relative to the base case is verified for 24/7 nominal
operation. The same trend is verified in the annual energy
cost, with a maximum increase of 46.9%, the annual
natural gas consumption, with a maximum increase of
82.3%, and the annual electricity consumption, with a
maximum increase of 51.1%. A slight increase in the
maximum monthly peak electric power of 8.8%, likely
caused by an increase in the fan power consumption, was
also verified in all cases. The annual system COP was
negatively affected by the increased supply air flow rates.

Lastly, regarding the third practical measure simulated
(Case 8), an increase of the EUI is observed when an
electric humidifier is added to the system. An increase of
27.3% in the EUI was verified. The same behaviour was
verified in the annual energy cost, with an increase of
46.8%, the annual electricity consumption, with an
increase of 57.3%, the maximum monthly peak electric
power, with an overwhelming increase of 106%, and the
annual system COP, with an increase of 4.4%. The annual
natural gas consumption was not affected by this practical
measure.

Case EUI (GJ/m?) A% Annual Cost ($) A% Annual Gas (MWh) A%
Base Case 0.0% 1$43,985 0.0% 0.0%
Case 1 +2.1% 1$44,728 +1.7% +3.9%
Case 2 +20.3% 1$50,272 +14.3% +38.1%
Case 3 +43.7% 1$57,201 +30.0% +81.9%
Case 4 +58.6% $61,617 +40.1% +109.8%
Case 5 +17.1% $49,627 +12.8% +21.4%
Case 6 +26.6% 1$52,455 +19.3% +34.8%
Case 7 +67.5% $64,629 +46.9% +82.3%
Case 8 +27.3% $64,584 +46.8% +0.1%

Figure 5: Simulation results organized into KPIs for all cases
Proceedings of the 17th IBPSA Conference 2975

Bruges, Belgium, Sept. 1-3, 2021

https://doi.org/10.26868/25222708.2021.30176



INTERNATIONAL
BUILDING
PERFORMANCE
SIMULATION
ASSOCIATION

Base Case

0.0% 93.1

Case 1 +0.2% 96.3
Case 2 +0.7% 100.9
Case 3 +1.7% 101.3
Case 4 +2.2% 101.3
Case 5 +12.3% 101.3
Case 6 +17.6% 101.2
Case 7 +51.1% 101.3
Case 8 +57.3% 191.8

0.0% 0.0%

+3.4% +0.8%
+8.4% +2.5%
+8.8% +3.4%
+8.8% +3.5%
+8.8% 0848 -0.6%
+8.7% 0846 -0.8%
+8.8% 0837 -1.9%

+106.0% DEGINIIIIIN  44%

Figure 6: Simulation results organized into KPIs for all cases (cont.)

*Annual COP: the sum of heating and cooling loads, divided by the sum of the energy consumption of space heating, space

cooling, ventilation fans and pumps and auxiliary equipment.

It is important to consider the limitations of the HVAC
system capacity when discussing the measures to reduce
the risk of virus transmission. Figure 7 illustrates the
average temperature of all zones when the ventilation fans
are on.

Regarding the first practical measure, the increase of the
design OA ratio to 25% did not affect thermal comfort, as
the system was able to sustain the desired setpoint
throughout all year. When the design OA ratio was
increased to 50%, the system was unable to sustain the
desired setpoint for two winter months. The average
indoor temperate however was kept within thermal
comfort guidelines for indoor air temperature. When the
design OA ratio was further increased to 75% and 100%,
the system was unable to sustain thermal comfort
guidelines for two and three winter months, respectively.

Regarding the second practical measure, increasing the
operation hours at nominal airflow allowed the system to
operate within the thermal comfort guidelines for indoor
air temperature during the winter months, except for the
case where the system operates at nominal capacity 24/7.

Lastly, regarding the third practical measure, the
implementation of humidity control did not affect the
maintenance of the indoor air temperature at the desired
setpoint.

It is also important to consider the role of indoor air
relative humidity in reducing the risk of virus
transmission and in improving thermal comfort. Figure 8
illustrates the number of hours of operation under each
relative humidity range for the VAV system.

Naturally, without humidity control, the system is unable
to achieve on its own the desired indoor air humidity,
especially during winter months, which present low
humidity values relative to summer months.

Regarding the first practical measure, the increase in the
design OA ratio does not impact substantially the number
of operating hours under undesired relative humidity.
Regarding the second practical measure, an increase in the
operation hours at nominal airflow is correlated to an
increase of operating hours under undesired relative
humidity. This is primarily due to the system operating
more hours under unfavourable outdoor air conditions.
With the introduction of the third practical measure, the
indoor relative humidity was able to be maintained within
the desired setpoint for virtually all hours of the year.

Base Case 210 211 214 21.8 222 229 231 232 224 216 212 210

Case 2
Case 3
Case 4
Case 5
Case 6

Case1 210 211 214 218 222 229 231 232 224 216 212 210
|22.2][225] 232][23.2 [224]

229
208 210 |B128 621 52| 6281 28 524
203 20.4 208 |21 1216223225 225

case 7 |B 200 202 205 207 21.0

Casc 210 211 214 21.8 222 229 23.1 232 224 216 212 210 219

21920 206 203

207 204 20.1 [BO 205

Figure 7: Average temperature of all zones when fans are on
GREEN: Within zone temperature setpoint +/-1 °C
YELLOW: Outside zone temperature setpoint by more than 1°C
RED: Outside thermal comfort guidelines for indoor air temperature (Burroughs & Hansen, 2011)
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Case  0-09 10-20 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-100 Total
Base Case 538 |1)282 989 671 1,350 510 11 0 0 0 5351
Case 1 574 [1,248| 988 681 1321 528 11 0 0 0 5351
Case2 | 725 131962 682 1247 593 11 0 0 0 5351
Case3 | 763 1,139/ 927 680 1,192 636 14 0 0 0 5351
Case4 | 681 [)226 930 676 1,177 641 20 0 0 0 5351
case5 | 832 60811203 879 1665 646 4 0 0 0 6834
case 6 |1,106 [BBBIFA76] 1,124 1,834 1248 17 0 0 0 8760
case 7 1,008 [BBBIA2T 994 1472 1634 251 0 0 0 8760
Cases 0 o0 o 18 [@088 1283 11 o o0 0 5351

Figure 8: Number of hours of operation under each relative humidity range
GREEN: Within thermal comfort guidelines for indoor relative humidity (Burroughs & Hansen, 2011)
RED: Outside thermal comfort guidelines for indoor relative humidity (Burroughs & Hansen, 2011)

Discussion

The reduction in the EUI of the base case building can be
partially explained by the contrast between the elevated
energy efficiency requirements of the latest version of
NECB (2017) and the median values being samples
composed of both new and existing buildings. Existing
buildings were designed according to older standards and
operate with reduced performance due to equipment
efficiency depreciation with time. The building envelope
design also plays an important role in the reduction of
energy consumption. In the newer versions of NECB,
tighter building envelope design, resulting in less
infiltration and exfiltration of outdoor air, and better
thermal insulation are factors that reduce the heating and
cooling thermal loads of the spaces.

The results obtained for the first practical measure
simulated suggest that the building EUI and operating
cost are sensitive to the OA flow rates. In the modelled
HVAC system, space cooling is performed by an electric
chiller, while space heating is performed by a natural gas
fired boiler. This architecture establishes a correlation
between space cooling and electric consumption and
between space heating and natural gas consumption. The
increase in the OA did not affect substantially the annual
electricity consumption. Since the EUI is comprised of the
electricity and equivalent gas consumption, the increase
in the EUI can be primarily explained by the increase in
the heating loads caused by the additional OA introduced
into the building.

A modest increase in the annual system COP was verified.
This modest increase can be explained by the additional
thermal loads associated with the additional OA air flow
rates causing an increase in the part load ratio of system
equipment.

The results obtained for the second practical measure
suggest that the building EUI and operating cost are
sensitive to the amount of supply air flow rate provided to
each zone. An increased supply air flow rate will
inevitably bring additional outdoor air into the
environment, given that the system is not equipped with
Demand Controlled Ventilation (DCV) sensors. For this

scenario, an increase in the electricity consumption as
well as an increase in the natural gas consumption suggest
that there is an increase in both heating and cooling loads.

An inverse relationship between the annual system COP
and the supply air flow rate can be observed for these
cases. Even though there is an increase in the thermal
loads, causing the system equipment to operate with
higher part loads, the increase in the fan and pump energy
consumption, with a substantial addition of operating
hours, is enough to overcome the efficiency gains in the
primary equipment.

The results obtained for the third practical measure
suggest that the building EUI and operating cost are
sensitive to the addition of an electric humidifier in the
building. For this scenario, the increase in the electricity
consumption comes directly from the electric resistance
of the humidifier, with no additional thermal loads being
added due to outdoor air ventilation, except for the energy
expended to introduce humidity into the space.

There is a relevant increase to the annual system COP.
The annual average of the system COP before the
humidifier was 0.853. This number is increased due to the
addition of extra energy consumed by the humidifier,
which operates at a COP of 1.00 (Joule effect). The
additional humidification thermal load was added to the
calculation of the system COP.

When these practical measures are implemented, it is
inevitable that the system energy consumption will
increase. However, if the building was designed
according to NECB standards, it would still be possible to
operate the building in a way that it consumes less than
the median building in terms of EUI within a 10% margin
for all practical measures studied, and with an annual
operating cost per floor area well below the an example
office building.

While implementing these measures can prove to be of
paramount importance in reducing the virus transmission
risk, HVAC professionals need to be careful to respect
thermal comfort guidelines, recommended by standards
and enforced by law in some states. The system heating
or cooling capacity might be exceeded under certain
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conditions with the increased OA airflow rates and supply
airflow rates for expanded operating hours. Extreme
weather conditions experienced during the winter explain
in part this effect seen in Case 3 and Case 4. This same
reason coupled with thermal mass cooling during
unoccupied hours account in part for the effect seen in
Case 7. The implementation of humidity control
demonstrated a positive impact in the thermal comfort
without affecting HVAC system operation.

One possibility to enhance IAQ, while still respecting
thermal comfort guidelines would be the combination of
strategies for winter and summer operation. One
embodiment of such combinations would be to flush
contaminants before and after occupancy, while operating
with no recirculation during periods of occupancy.
Another possible embodiment would be a continuous
operation (24/7) with reduced ventilation rates when the
building is unoccupied, with humidity control being
subject to the presence of occupants in the building.
During the summer, building operators have a higher
flexibility in choosing which practical measures due to
moderate weather conditions being more prevalent.

Conclusion

A compilation of practical measures seeking to reduce the
risk of virus transmission using HVAC systems was
provided. The impact of these measures on a reference
building energy consumption, efficiency and operating
cost was provided using building simulation tools.

All measures proved to increase the energy consumption
and operating cost. Increasing the design OA ratio also
improves the system COP, due to higher part-load ratios
in primary equipment. While increasing supply
ventilation rates brings the same effect, additional fan
energy consumption topples the primary equipment
efficiency gain and provides an overall negative impact to
the system COP. The implementation of humidity control
is beneficial to thermal comfort; however, it brings a
substantial increase in the annual energy consumption and
operating cost.

If a building is designed according the up to date version
of the Canadian energy code for buildings, even after
implementing practical measures, the EUI remains below
the national median value and the operating cost remains
below a benchmark office building. HVAC professionals
need to be careful when implementing these measures as
not to exceed the heating or cooling capacity of the
system, crippling its ability to provide thermal comfort.
The combination of practical measures serving separate
winter and summer operation is encouraged.
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