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Abstract 

Most office buildings regulate their indoor climate 

through conservative setpoints and schedules based on 

maximum occupancy. However, the occupancy of most 

office buildings rarely exceeds 50%. Buildings’ lack of 

adaptability to partial occupancy exacts a toll on their 

energy use by providing building services excessively and 

inefficiently. Largely vacant office buildings left in the 

wake of the COVID-19 pandemic present a natural 

experiment to evaluate the extent of this problem. Three-

parameter univariate changepoint models were employed 

to estimate the change in energy use before and during the 

pandemic in two institutional office buildings: one with 

occupancy-based ventilation, and one with traditional 

ventilation. A calibrated energy model was developed for 

the traditional building to determine how much energy 

could have been saved if occupancy-based ventilation was 

implemented. It was found that the building could have 

saved up to 32% and 12% for heating and cooling, 

respectively, in the pre-pandemic period alone. 

Key Innovations 

• The rare oppourtunity presented by the 

widespread vacancy of office buildings 

immediately after the COVID-19 pandemic is 

capitalized on to study occupants’ impact on 

building energy use. 

• Weaknesses in the adaptability of HVAC 

systems to partial occupancy in office buildings 

are identified. 

• The energy implications of these weaknesses are 

demonstrated and quantified via a case study. 

Practical Implications 

This novel case study highlights potential energy savings 

that can be attained by incorporating occupant-centric 

controls (OCCs) to improve buildings’ adaptability to 

partial occupancy, which will become increasingly 

important in post-pandemic office settings.  

Introduction 

Traditional office environments and their once 

characteristically rigid work schedules have been 

evolving consistently for the past three decades (Golden, 

2001). The proportion of office workers in Canada who 

reported some form of flexible workweek was over 50% 

as far back as 2006 (Statistics Canada, 2009; Zeytinoglu 

et al., 2019) while in 2017, 47% of office workers 

reported spending less than half of their workweek 

physically in their offices (IWG, 2017). Despite these 

clear and significant trends, the operating strategy of 

HVAC systems in commercial office spaces has remained 

relatively unchanged over this time, with rigid start and 

stop times for equipment which typically operates at near-

full capacity throughout each workday (ASHRAE, 2019a; 

Ouf et al., 2019; Park et al., 2019) regardless of 

occupancy levels. In many instances, the way commercial 

HVAC systems are designed is inherently averse to partial 

occupancy, as many systems are not zoned to support 

partial occupancy (e.g., entire floors must be condition 

whether fully or sparsely occupied). Providing excessive 

amounts of heating, ventilation, and air conditioning 

(HVAC) services to underoccupied or vacant spaces 

wastes a significant portion of HVAC systems’ energy, 

which accounts for 40% of buildings’ overall energy use 

in Canada (NRCan, 2019).  

The COVID-19 pandemic presents a natural experiment 

for building researchers to evaluate buildings’ 

adaptability to varying occupancy in an extreme case. The 

mass exodus of office workers from many workplaces in 

North America began in earnest in the middle of March 

2020, with only some offices returning to partial 

occupancy by the end of the year. Despite this, electricity 

and natural gas consumption in the commercial building 

sector in the United States fell just 4.7% and 2.0% 

compared to 2019 (EIA, 2020). In the first month of 

lockdowns when almost all office buildings were fully 

vacated, peak electricity use reductions were only 20.7%, 

over half of which was attributable to lighting 

(Mendelson, 2020). Intuitively, sparsely occupied or 

vacant buildings should exhibit lower energy use than 

their normally occupied counterparts. Many buildings 

exhibit this very behaviour during overnight hours when 

temperature setbacks are introduced to lower the 

conditioning loads, or air handling units (AHUs) are 

turned off as ventilation is not required, for example. 

However, because these behaviours are governed by a 

rigid set of schedules rather than occupancy directly, the 

potential of adapting buildings to partial occupancy 

during working hours is not fully realized, resulting in the 

lacklustre energy reductions seen in commercial buildings 

in the immediate aftermath of lockdowns. Simply put, 

North American office buildings’ HVAC systems have 

largely operated ‘business-as-usual’ during the pandemic, 

with little reduction in energy use. 
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To this end, this study is meant to evaluate the adaptability 

of office buildings to varying occupancy and highlight 

how occupant-centric controls (OCCs) and operating 

procedures can improve building adaptability by 

comparing two office buildings – building A, with 

occupancy-based ventilation, and building B, operated 

traditionally – before and during the pandemic. This study 

can be broken down into two main components: (1) 

measured energy use data for both buildings were used to 

develop three-parameter univariate changepoint models 

for heating and cooling to compare pre- and post-

pandemic energy use, and (2) a calibrated energy model 

in EnergyPlus was developed for the traditionally 

operated building to evaluate how much energy could 

have been saved if the controls interventions (including 

OCCs) from its counterpart were introduced.  

Methods 

Building A is an academic office building that had 

occupancy-based ventilation implemented at the 

beginning of 2020 as part of a separate series of studies 

(Hobson et al., 2020, 2021), whereas building B is an 

administrative office building which follows traditional 

(i.e., schedule-based) ventilation. These buildings are 

located in Ottawa, Canada (i.e., ASHRAE climate zone 

6A). Both buildings are served by the same central 

heating plant during the heating season and are cooled by 

on-site chillers during the cooling season. Each building 

is served by two primary AHUs, with variable air volume 

(VAV) terminal units with reheat and perimeter hydronic 

heaters at the zone level. A summary of the buildings’ 

general characteristics is provided in Table 1. 

Table 1: Characteristics of buildings A and B. 

Characteristic Building A Building B 

Year completed 2010 1967 

Primary occupancy Office/Labs Office 

Daily peak occupancy* 403 255 

Floors 7 6 

Floor plan L-shaped Square 

Conditioned area (m2) 7310 8250 

Exterior above-grade 

surface area (m2) 
4280 3590 

Gross WWR (%) 35 50 

*based on 95th percentile weekday Wi-Fi device counts 

A significant difference between the two buildings is their 

age: building A was completed in 2010, while building B 

was completed in the late 1960s. The construction of 

building B’s structure and envelope predates Canadian 

energy codes first introduced in 1997 (Evans & Shui, 

2009). Given the significant differences between the 

buildings’ vintages, a comparison between the energy use 

of both buildings may seem biased. Indeed, a study by 

Afroz et al. (2020) notes that building operations 

personnel often credit the poor energy performance of 

older building stock to poorly insulated envelopes or 

deteriorated equipment. However, the primary purpose of 

this study is not to provide a one-to-one comparison of an 

old and a new building, but rather to frame how different 

data and operational interventions can be leveraged to 

help improve adaptability to partial occupancy and 

increase energy efficiency without the need for costly and 

invasive envelope retrofits. 

Measured energy use 

As both buildings are part of the same campus, 

operational data were available through the institutions 

web-based facility management tools and the building 

automation system (BAS). Concurrent energy use data 

were accessible through a web-based energy management 

system (EMS) which stores steam and chilled water 

energy use at the building level (STM and CW, 

respectively, for brevity in figures and tables). Hourly 

outdoor air temperatures were available from the actual 

meteorological year (AMY) data for 2019 in Ottawa. The 

data were collected at hourly intervals from January 1st, 

2019 to June 30th, 2020. Hourly Wi-Fi enabled device 

count data were available for the same period for both 

buildings and were provided by IT services; no MAC 

addresses were monitored or stored over the course of this 

study in keeping with the research ethics board’s protocol. 

The Wi-Fi data were used as a proxy for the buildings’ 

occupancy and were plotted against energy use data to 

illustrate the change in energy use patterns relative to 

occupancy before and during lockdown. 

The steam and chilled water energy data were used in 

conjunction with the outdoor air temperature data to 

create the three-parameter univariate changepoint models 

for heating and cooling loads to characterize each 

building’s thermal performance during workdays from 

March 16th, 2019 to June 30th, 2019. This performance 

was compared to measured 2020 data from the same 

period (i.e., from the immediate onset of lockdowns until 

the newest available data). The 2020 temperature data 

were fitted to the 2019 changepoint models to estimate the 

temperature-adjusted energy use that would have been 

expected of each building if no changes had taken place 

(i.e., how much energy would buildings A and B have 

used in 2020 if the buildings were not vacated due to the 

pandemic, and additionally in the case of building A, if 

occupancy-based ventilation had not been introduced).  

Calibrated energy model 

While building A had an occupancy-based ventilation 

strategy in place at the beginning of 2020, building B 

remained on traditional ventilation for both years. A 

calibrated energy model for building B was developed to 

estimate how much energy could have been saved if the 

same strategy from building A had been implemented in 

2019. The calibration workflow by Gunay et al. (2020) 

was employed to develop a ASHRAE Guideline 14 

(2014) compliant energy model. The model was 

calibrated using the AMY data for 2019 in Ottawa. As the 

development of calibrated energy models via 

optimization was not the focus of this study, the 

adaptation of the workflow to this specific study is 

summarized briefly. 

Simplified building geometry was imported into 

EnergyPlus 9.3.0 using the Euclid 0.9.4.3 plug-in in 
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Sketchup 2017, see Figure 1. Building occupancy was 

implemented using a schedule object containing hourly 

occupant-count estimates for 2019 established from Wi-

Fi device counts; a regression model developed in a 

previous study for the same building (Hobson et al., 2019) 

was employed for this purpose. Briefly, this model 

discards peripheral devices (i.e., computers left on 

overnight, printers, etc.) and assumes an average per 

person device count of 1.2. Note that this ratio established 

in the previous study was determined using ground truth 

data. Occupancy was homogenously distributed 

throughout the zones based on each zone’s area for 

simplicity. Similarly, measured hourly electrical data (i.e., 

plug-in equipment and lighting loads) were implemented 

via a schedule object on a homogeneous per area basis. 

 

Figure 1: Overview of model geometry for building B. 

The AHUs, VAVs, and perimeter hydronic units were 

configured and scheduled in EnergyPlus according to the 

available mechanical drawings and data from the web-

accessible BAS. Notably, the lower limit for the dry-bulb 

differential-based economizer was removed as this 

omission existed in the BAS of the actual building. A 

similar control inefficiency was observed and corrected in 

building A during the implementation of occupancy-

based ventilation. This is important to note as the analysis 

of the savings observed between 2019 and 2020 must be 

equitably attributed to either addressing this inefficiency 

or the occupancy-based ventilation strategy. Fortunately, 

the use of a calibrated energy model enables the 

incremental benefit of these operational changes to be 

explored in the case of building B. 

With geometry, HVAC systems, occupancy, plug-in 

equipment and lighting loads accounted for, the 

optimization process using a genetic algorithm was 

employed for estimating the unknown envelope 

properties and zone-level ventilation rates. The 

coefficient of variation of the root mean squared error 

(CV(RMSE)) between the simulated and measured 

heating and cooling data was set as the cost function for 

the optimization process. A custom MATLAB script was 

used to find the envelope parameters which produced the 

lowest CV(RMSE). The model hyperparameters were 

selected such that the results between several optimization 

runs varied negligibly. Ultimately, this resulted in a 

population size of 50 for ten generations, with a cross-

over fraction of the population (other than the elite 

members) of 50%. Further reading on metaheuristic 

optimization can be found elsewhere (e.g., Bozorg-

Haddad et al., 2017). 

After the calibrated base case EnergyPlus model was 

developed, two controls interventions were simulated for 

a total of three simulations. The first intervention simply 

added a 5°C low limit to the economizer mode to ensure 

the units were not economizing excessively during the 

winter months. The second intervention included this fix 

as well as an OCC, specifically the occupancy-based 

ventilation strategy as described in Hobson et al. (2020). 

Briefly, this intervention involves reducing the minimum 

outdoor air fraction of the AHUs based on real-time 

occupancy in the building. This was achieved through an 

EnergyPlus Energy Management System (EMS) script 

that linearly adjusted the person outdoor air flow rate (Rp) 

portion of the breathing zone air rate (Vbz) in each zone 

based on the fraction of occupants present at each 

timestep; this ensured adequate ventilation and 

compliance with ASHRAE 62.1 (2019b) requirements. 

The steam and chilled water usage of these three different 

simulations were compared for the January 1st to June 

30th, 2019 period. 

Results and discussion 

The measured data, data from the three-parameter 

univariate changepoint models, and the outputs of the 

three building energy simulations were evaluated in R (R 

Core Team, 2017). The results of this analysis are 

synthesized and discussed in this section. 

Measured energy use 

Measured operational data from the beginning of 2020 for 

buildings A (Figure 2) and B (Figure 3) illustrates key 

differences in the energy use patterns of both buildings. 

The reduction in occupancy immediately after the closure 

of the buildings was captured by the significantly lower 

Wi-Fi enabled device counts. Note that while building A 

was almost completely unoccupied, building B 

maintained minimal levels of occupancy (approximately 

20 occupants daily) as safety personnel continued to 

operate from this building after lockdown.  

 

Figure 2: Metered steam (STM) and chilled water (CW) 

data for building A from 1 January 2020 to 30 June 

2020. 

The steam use in building A was reduced compared to 

earlier weeks in the immediate aftermath of the lockdown. 

This reduction can be at least partially attributed to the 

reduced minimum outdoor air fraction required for 

building A during the end of the heating season due to low 

occupancy and the implemented OCC. As building A is 

equipped with an economizer and enthalpy wheel, the 

minimal outdoor air requirements from the occupancy-
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based ventilation enabled the building to passively cool 

with outdoor air during the shoulder seasons until the 

switchover to mechanical cooling.  

 

Figure 3: Metered energy use data for building B from 1 

January 2020 to 30 June 2020. 

Conversely, steam use in building B remained virtually 

unchanged before and during lockdown, with significant 

heating required even during the shoulder season. Note 

that building B does not contain an enthalpy wheel and 

recall that an economizer low limit was not implemented 

when these data were collected. This may have led to the 

economizer operating at cold (i.e., sub-zero) outdoor air 

temperatures, resulting in high loads on the perimeter 

heating devices (i.e., significant simultaneous perimeter 

heating during economizing). Such an inefficiency would 

also stop the AHUs’ outdoor air dampers from operating 

in their minimum position modes during the winter. 

Therefore, before occupancy-based ventilation can be 

implemented in building B, this fault must be addressed.  

Cumulative steam and chilled water use for both buildings 

over the same period in 2019 and 2020 are provided in 

Table 2 for comparison. Overall, heating loads decreased 

by ~55% in building A and increased by ~3% in building 

B between 2019 and 2020. Cooling loads increased in 

both building A and B by ~3% and ~31%, respectively. It 

is important to note that the values presented are not 

weather adjusted; changepoint models are subsequently 

used for this purpose. 

Table 2: Steam and chilled water use from 1 January to 

30 June. 

Building Meter 
2019 measured 

(MWheq) 

2020 measured  

(MWheq) 

A 
STM 577 258 

CW 55 57 

B 
STM 794 818 

CW 135 177 

The changepoint models for the 2019 period (recall this 

period started on March 16th as this represented the 

beginning of lockdown in the 2020 year) are presented for 

buildings A and B in Figure 4 and Figure 5, respectively. 

These models approximated the energy use of the 

buildings in the 2019 period as a function of the outdoor 

air temperature. Note that this period had 791 heating 

degree days (HDD) and 83 cooling degree days (CDD) 

when a base temperature of 18°C was used.  

Using the 2020 temperature data, the energy each building 

would have been expected to use (i.e., without any 

operational changes or changes to occupancy) in the 2020 

period was estimated, see Table 3. Note that the same 

2020 period had 799 HDD and 148 CDD; heating 

requirements were roughly the same during both yearly 

periods, however, 2020 had significantly higher cooling 

demands associated with the increased CDD. This was 

reflected in the difference between the measured 2019 

cooling energy usage (recall Table 2) and the predicted 

2020 cooling energy usage (i.e., 55 and 135 MWheq of 

cooling required in 2019 versus 67 and 174 MWheq 

expected in 2020 for buildings A and B, respectively).  

 

Figure 4: Changepoint model for building A from 16 

March to 30 June 2019. 

 

Figure 5: Changepoint model for building B from 16 

March to 30 June 2019. 

 

Table 3: Steam and chilled water use from 16 March to 

30 June. Estimated values are from changepoint models. 

Building Meter 
2020 measured 

(MWheq) 

2020 estimated 

(MWheq) 

A 
STM 46 179 

CW 57 67 

B 
STM 286 282 

CW 177 174 
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Generally, building B’s measured performance in 2020 

was similar to the values estimated for 2020. This means 

that, despite the lockdown and a 95% decrease in peak 

daily occupancy, building B continued to exhibit nearly 

identical HVAC energy use trends as it did in 2019. This 

business-as-usual approach underscores how building B’s 

inability to adapt to partial occupancy impacts energy use. 

In fact, building B’s energy use was marginally higher 

than expected during the lockdown period even when 

assuming a business-as-usual approach. During the 

heating season, this could potentially be a result of 

reduced internal gains due to fewer occupants and 

equipment (e.g., computers, task lighting, etc.). 

Conversely, building A’s energy use decreased 

significantly between the same 2019 and 2020 periods. As 

previously discussed, this can be attributed to both the 

implemented occupancy-based ventilation strategy and 

the addition of the economizer low limit. The combined 

effect of both interventions resulted in a nearly four-fold 

reduction in steam use and ~17% reduction in chilled 

water use during this period compared to estimated 

business-as-usual values, see Table 3. 

Calibrated energy model 

The estimated envelope and ventilation properties of 

building B are summarized in Table 4. Published code 

values are provided to give context to building B’s 

envelope properties; recall building B was constructed 

before the introduction of commercial building energy 

codes.  

Table 4: Calibrated energy model properties. 

Parameter 
Published 

Values 

Calibrated 

Model 

Wall R-value (m2K/W) 41 4.6 

Roof R-value (m2K/W) 6.41 4.8 

Slab R-value (m2K/W) 5.51 4.2 

Window U-value (W/m2K) 1.91 3.5 

Window SHGC - 0.36 

Infiltration (L/s·m2) 0.251 0.72 

Ventilation (L/s·m2) 0.4972 1.071 
1(NRC, 2017), 2(ASHRAE, 2019b) 

The calibrated energy model indicated that the building’s 

opaque assemblies had lower R-values for the foundation 

and roof than those stipulated by later codes. This may 

have been partially due to the assumption of a single 

insulating material in all the model opaque assemblies to 

simplify the optimization process. However, the above-

grade wall assembly was estimated to have an R-value 

that exceeded code requirements. Given that the opaque 

portion of the above grade façade is limited in area and 

consists of load-bearing concrete columns cladded in 

brick, the higher thermal resistance of these components 

is plausible. However, the window U-values were 

calculated to be 3.5 W/m2K, which is 60% higher than 

later code maximum values and would cause a significant 

amount of heat transfer through the façades given the high 

WWR (i.e., 50%). Additionally, infiltration was estimated 

to be nearly three times the later code value per above-

grade surface area, characterizing building B as a leaky 

and poorly insulated building. Given the building’s 

vintage and poor energy performance – the building’s 

measured energy use intensity was three times the 

national average for office buildings in 2019 – poor 

envelope qualities such as these were expected. Finally, 

the ventilation of the building was found to be about 

double the requirements of ASHRAE 62.1 (2019b), 

assuming an occupant density of 20 m2 per person and 

office-type occupancy throughout the building. Notably, 

the building’s measured 2019 typical daily occupant 

density was approximately 35 m2 per person (i.e., lower 

than ASHRAE assumptions), and therefore current 

ventilation rates are nearly triple the per person 

requirements of the building. The potential benefits of 

implementing an occupancy-based ventilation scheme in 

building B are evident given the extent of over-

ventilation. 

These properties were used for the base case model and 

compared to the measured energy use data. The 

CV(RMSE) and normalized mean bias error (NMBE) for 

the calibrated energy model are shown in Figure 6. As the 

energy model used hourly energy data, ASHRAE 

Guideline 14 (2014) stipulates a maximum CV(RMSE) 

and NMBE of 30% and 10%, respectively. The authors 

acknowledge that the NMBE for the steam data falls 

slightly above this range. However, the model accuracy 

was deemed sufficiently high for the purpose of this 

study.  

 

Figure 6: Comparison between measured steam and 

chilled water data and simulated data. 

The economizer low limit and occupancy-based 

ventilation strategies were incrementally introduced to the 

calibrated energy model, and the simulations were 

repeated for the January 1st to June 30th, 2019 period. The 

results from simulations are summarized in Table 5. 

Considerable reductions in steam use were observed with 

each additional intervention. The introduction of the 

economizer low limit resulted in a ~22% reduction in 

steam energy use: the by-product of reduced simultaneous 

perimeter heating and economizing due to the economizer 

activating during the appropriate range of temperatures. 

However, reduced availability of the economizer at lower 

temperatures to address cooling needs resulted in an 
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increased dependency on mechanical cooling in the latter 

half of the shoulder season, with a ~10% increase in 

chilled water usage over the base case model. This could 

be improved by removing the economizer low limit after 

the conclusion of the heating season. Considering that the 

reduction in heating was 173 MWheq while the increase in 

cooling was 13 MWheq, this trade-off was more than 

justified.  

Table 5: Simulated steam and chilled water usage for 

building B from 1 January to 30 June 2019. 

Meter 
Base case 

(MWheq) 

+ Low limit 

(MWheq) 

+ OCC 

(MWheq) 

STM 774 601 508 

CW 132 145 128 

The addition of occupancy-based ventilation decreased 

both the steam and chilled water usage compared to the 

base case. As implemented, occupancy-based ventilation 

decreased steam use by ~32% relative to the base case 

model, or an additional 10% over the economizer low 

limit alone. A modest ~3% reduction in overall chilled 

water usage was observed between the base case and the 

model with occupancy-based ventilation. However, this 

reduction was considerable compared to the economizer 

low limit model alone, with a ~12% reduction between 

these two models. As the occupancy-based ventilation 

strategy was able to lower the minimum outdoor air 

requirements during heating and cooling operating states, 

the most significant savings were observed in the heating 

and cooling seasons as opposed to the shoulder seasons. 

The insights provided by this simulation exercise 

emphasize the benefit of not only improving building 

adaptability to variable occupancy but addressing faults 

and inefficiencies in BASs as well. It should not be 

discounted that the problems in both building A and 

building B’s building automation systems (BASs) were 

discovered when the implementation of OCCs were being 

explored. Further, the magnitude of the energy savings 

possible with controls interventions in building B 

emphasize how buildings of all vintages can benefit 

significantly from OCCs, regardless of envelope quality. 

This is critical given the high average age of the 

commercial office building stock. Demonstrating such 

savings may help stakeholders justify the funding that 

may be required to upgrade BASs and sensing 

infrastructure to facilitate these types of OCCs. This cost 

is modest in comparison to whole-building envelope 

retrofits. However, as Chen et al. (2020) and Shi et al. 

(2019) note, simply upgrading or retrofitting buildings 

and their BASs without addressing underlying faults or 

data quality issues can forfeit any potential energy savings 

from controls interventions, including OCCs. Simply put, 

buildings with healthy BASs are better able to adapt to 

partial occupancy, regardless of vintage. 

Unresolved issues 

While the presence of inefficiencies in the BASs proved 

to complicate the objective of this analysis, these issues 

are an often-inevitable externality when working with real 

buildings and data. The development of a calibrated 

energy model for building A may serve to address some 

of these issues by allowing for weather-adjusted 2020 

energy use in the building to be estimated if the building 

had not gone into lockdown. Direct comparisons could 

then be made to the measured data of the same year to 

definitively evaluate the additional savings generated by 

the combination of low occupancy and the occupancy-

based ventilation strategy alone. Additionally, while this 

study investigated the impact of these interventions on 

HVAC energy use, the effects on indoor environmental 

quality (IEQ) were not explored or quantified.  

Another key limitation of this study was the lack of 

available AMY data for the 2020 period at the time of 

writing. While the 2019 data are insightful for typical 

yearly operation, simulation using the calibrated energy 

model and occupancy/weather data from the 2020 period 

would have produced interesting results to compare how 

energy use patterns in building B could have changed 

after the onset of the pandemic had the controls 

interventions been implemented. Given the unlikely 

return to pre-pandemic occupancy in the near and 

potentially long-term, future work will be undertaken to 

evaluate this issue as more data becomes available. 

Additionally, the prevalence of the business-as-usual 

operation of building HVAC systems should be 

considered. Further, the underlying cause or causes 

should be explored. While indifference may explain some 

of the lack of operational changes, it may be the case that 

operations personnel wanted to implement controls 

changes, but the systems and/or controls in their building 

did not currently support such interventions. Such was the 

case with buildings A and B as they are located on the 

same campus, operated by the same personnel, and had 

very different energy outcomes. 

Consideration should be given to the fact that the initial 

advice from ASHRAE at the onset of the pandemic was 

to drastically increase outdoor air rates, increase filtration, 

and ventilate overnight regardless of occupancy (Schoen, 

2020). These brute force efforts to reduce the transmission 

of infectious aerosols all contribute to elevated energy 

use; an increase in energy use is undeniably justifiable for 

the purpose of safeguarding human health. Therefore, 

while this analysis takes advantage of the change in 

occupancy caused by the COVID-19 pandemic, the 

criticisms levelled against building adaptability to partial 

occupancy do not necessarily extend to building energy 

use during the pandemic specifically. 

Finally, this study examined two controls interventions in 

two academic office buildings in ASHRAE climate zone 

6A used for institutional purposes. The applicability and 

generalizability of this studies approach and findings 

when considering other office buildings, buildings located 

in other ASHRAE climate zones, or other controls 

interventions (e.g., supply air temperature resets, night-

cycle tuning, setback scheduling, etc.) should be carefully 

considered. It is also highly probable that other control 

inefficiencies exist in the studied buildings that should be 

discovered and addressed. Additionally, the global 

response to the COVID-19 pandemic has varied greatly 

between jurisdictions within Canada and indeed around 
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the world. Lockdown procedures and policies governing 

building occupancies and the return to work vary 

considerably not only across these jurisdictions but also 

over time. A study of a significantly larger sample of 

commercial office spaces may help to capture the effect 

of these temporospatial variations in occupancy on energy 

use. While previously mentioned studies have done this 

broadly by amalgamating the energy use of the 

commercial building stock, further studies that consider 

building metadata such as HVAC system types, control 

strategies, and/or vintages could offer specific insights 

into the adaptability of office buildings to partial 

occupancy. Future work will seek to examine part of this 

problem with a larger sample of office buildings across 

the Ottawa region in Canada. 

Conclusions 

This study examined the energy use of two institutional 

office buildings before and after the onset of the COVID-

19 pandemic. The operation of building B remained 

unchanged, whereas building A had a BAS inefficiency 

corrected and an occupancy-based ventilation strategy 

implemented at the beginning of 2020 (i.e., just before 

lockdowns began). It was found that building A used only 

one-quarter of the expected heating energy and 17% less 

cooling energy immediately after the building was 

vacated compared to the previous year. Conversely, 

building B used nearly the same amount of energy for 

heating and cooling after lockdown despite a 95% 

reduction in peak daily occupancy due to this building’s 

business-as-usual approach to operation. To parse out the 

impact of correcting the BAS inefficiency and the 

occupancy-based ventilation strategy on HVAC energy 

use, a calibrated energy model was developed for building 

B to determine how the same control changes made to 

building A could impact a building of a much older 

vintage, despite its poor envelope qualities. Simulations 

revealed that these controls interventions would have 

decreased heating and cooling energy use in building B in 

2019 alone by approximately 32% and 12%, respectively. 

Given the significantly higher savings observed in 2020 

in building A, it is suspected that the occupancy-based 

ventilation strategy would have helped to similarly 

increase energy savings during the 2020 period in 

building B as well.  

Based on these findings, the following recommendations 

can be made:  

• Building occupancy patterns should be re-evaluated 

and characterized post-pandemic to inform future 

HVAC operation. 

• Occupant-centric controls (OCCs) can and should be 

implemented to improve adaptability and reduce 

HVAC energy use where possible post-pandemic. 

• Faults and inefficiencies in BASs should be explored 

and corrected in tandem with OCC implementations 

for their full savings potential to be realized. 

• Control upgrades (e.g., improved sequences of 

operation, fault corrections, and OCCs) to buildings of 

older vintages or poor envelope quality should still be 

explored as a means to significantly reduce HVAC 

energy use. 

Therefore, these findings highlight the critical need for 

building operators to focus adapting their buildings to 

partial occupancy primarily in a post-pandemic setting. 

Future work will characterize the impact of changing 

occupancy in the wake of COVID-19 on office building 

energy use as a function of different building vintages, 

HVAC systems, and control strategies, using a larger and 

more generalizable sample of building data.  
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