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Abstract: Energy audits are a time-consuming and expensive initial step in the building retrofit
process. Virtual energy audits purport to be an alternative that remotely identifies energy efficiency
measures (EEMs) that may reduce electricity consumption and offset operational costs to businesses
operating during and after the COVID-19 pandemic. This case study reviews virtual energy audits as
a means to benchmark energy use and estimate cost savings from future EEMs. A novel feature was
the estimation of energy costs associated with increasing ventilation to improve indoor air quality.
The authors analyzed ten virtual energy audits performed in Honolulu, Hawai’i, over a two-week
period that used existing building information and electricity use data to estimate a potential 9% to
41% annual electricity use reduction per building and a 24 MWh to 1195 MWh reduction, respectively.
This paper makes a significant contribution through its assessment of virtual energy audits as a step
beyond benchmarking, which has merit as an educational tool to motivate business owners to reduce
energy use and improve indoor air quality. Further evaluation and improvements are suggested to
study how often the virtual energy audits instigate action, how they compare with in-person audits,
and their potential for use at a large scale.

Keywords: energy efficiency measures; virtual energy audits; indoor air quality; building efficiency;
energy cost savings; energy; environmental policy; management during and after COVID-19

1. Introduction

The Healthy and Resilient Buildings Initiative, “Initiative”, was introduced by the
City and County of Honolulu, Hawai’i, USA (Honolulu) in December of 2020 to offer free
energy assessments vis-à-vis virtual energy audits to commercial building owners with
revenue-grade smart meters [1]. The objective was to provide an immediate pathway for
relief to businesses from the COVID-19 pandemic by using virtual energy audits to quickly
identify operational energy savings from potential energy efficiency measures (EEMs) and
indoor air quality improvements through potential increased air flow. The outcomes of
each virtual energy audit were summarized in a report to participating building owners
and outlined potential energy efficiency and resiliency measures to be further investigated
for deployment. The objective of this paper is to demonstrate the large-scale potential
to conduct virtual energy audits and inform businesses of potential energy cost savings
and costs of increased ventilation rates when considering economic, operational, and air
ventilation factors.
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The Initiative as a COVID-19 Response

In Honolulu, the Office of Climate Change, Sustainability and Resiliency determined
that the adverse impact of the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) (referred herein as COVID-19) pandemic, had created an urgent need to reduce
operating costs to businesses through changes to the built environment while also address-
ing modifications to achieve healthy and safe operations. Hawai’i’s unemployment rate
increased from a little over 2% prior to the pandemic to more than 20% as businesses were
closed, at least temporarily, particularly among businesses in the tourism industry [2].
Reducing energy demand by increasing energy efficiency was incorporated as the fifth
strategy of Honolulu’s 2020–2025 One Climate One Oahu Climate Action Plan (CAP), with
the Initiative specifically identified as a principal action (Action 5.4) [3]. The Honolulu City
Council adopted the CAP by unanimous vote in June of 2021 to guide Oahu’s greenhouse
emissions reductions and address the challenges to businesses affected by COVID-19.

The Initiative targeted commercial building owners for the provision of virtual energy
audits to quickly establish baseline energy use, benchmark against peer buildings, and
identify potential EEMs and resilience measures to improve indoor air quality. The virtual
energy audit report included a summary of potential annual energy cost savings to assist
in decision-making by building owners to seek proposals to deploy identified EEMs. An
appendix to the report was a novel feature of the Initiative that summarized findings,
suggested next steps, and identified rebates by the third-party administrator appointed by
the Public Utilities Commission [4] to incentivize efficiency measures for which the building
owner or operator may qualify. The virtual energy audit also estimated increased energy
use due to increased ventilation, and the appendix identified potential precautionary
temporary best practices for improved ventilation to minimize the spread of COVID-19
through the air.

The Initiative was originally conceived as a five-step process but was executed as
a three-step process due to time constraints, as shown in Figure 1. The Hawai’i USA
study was funded by the Coronavirus Relief Fund established by the U.S. Congress under
the Coronavirus Aid, Relief, and Economic Security (CARES) Act for states and certain
local governments. Phase One tasks included rapid data collection of 15 min interval
electricity use, the virtual energy audit analysis process, and the virtual energy audit
output assessment and reporting, which was required to be completed by the CARES Act
funding deadline of 30 December 2020. Phase One tasks are shown in green in Figure 1.
Phase Two activities in the blue boxes, including consideration of next steps and evaluation
and validation, could not be completed by the funding deadline and must be carried out
and studied at a later time.

A second objective of the Initiative aligns with the interests of global communities
engaged in energy transitions supporting decarbonization through energy efficiency and
renewable energy systems, i.e., Hawai’i Clean Energy Initiative [5] goals, and fulfilling
commitments under the Paris Climate Agreement [6,7]. Any substantial progress to be
achieved in this regard will require an accelerated rate and expansion of existing building
energy efficiency renovations [8].

While building owners in different market segments have particular needs and chal-
lenges, all business owners face the dual challenge of rethinking their operations and
purpose [9], and planning and executing infrastructure investments to reduce risk of
COVID-19 infections that may arise from inadequate air quality, filtration, treatment, and
air flow systems [10]. Many businesses that are fighting to remain in operation must
quickly plan and deploy new equipment and operations in an affordable, sustainable, and
resilient manner.

This paper seeks to explore the potential for virtual energy audits to inexpensively
and rapidly estimate electricity savings in commercial buildings, and consider future
deployment on a large scale.



Energies 2021, 14, 5914 3 of 14Energies 2021, 14, x  3 of 15 
 

 

 
Figure 1. Healthy and Resilient Buildings Initiative Process Flow Chart. 

A second objective of the Initiative aligns with the interests of global communities 
engaged in energy transitions supporting decarbonization through energy efficiency and 
renewable energy systems, i.e., Hawai’i Clean Energy Initiative [5] goals, and fulfilling 
commitments under the Paris Climate Agreement [6,7]. Any substantial progress to be 
achieved in this regard will require an accelerated rate and expansion of existing building 
energy efficiency renovations [8]. 

While building owners in different market segments have particular needs and chal-
lenges, all business owners face the dual challenge of rethinking their operations and pur-
pose [9], and planning and executing infrastructure investments to reduce risk of COVID-
19 infections that may arise from inadequate air quality, filtration, treatment, and air flow 
systems [10]. Many businesses that are fighting to remain in operation must quickly plan 
and deploy new equipment and operations in an affordable, sustainable, and resilient 
manner. 

This paper seeks to explore the potential for virtual energy audits to inexpensively 
and rapidly estimate electricity savings in commercial buildings, and consider future de-
ployment on a large scale. 

2. Methods 
2.1. Buildings and Data Acquisition 

The virtual energy audits were conducted without on-site access to this study’s build-
ings, on the tropical island of Oahu, Hawai’i, USA (21° N 158° W). Input data included at 
least 12 months of 15 min interval electricity data, the building’s postal code (USA zip 
code), floor area, and building category (its principal building activity). The local electric 
utility engaged commercial customers to participate in the study and made electricity data 

Figure 1. Healthy and Resilient Buildings Initiative Process Flow Chart.

2. Methods
2.1. Buildings and Data Acquisition

The virtual energy audits were conducted without on-site access to this study’s build-
ings, on the tropical island of Oahu, Hawai’i, USA (21◦ N 158◦ W). Input data included
at least 12 months of 15 min interval electricity data, the building’s postal code (USA zip
code), floor area, and building category (its principal building activity). The local electric
utility engaged commercial customers to participate in the study and made electricity data
available for the audits. The utility reviewed its portfolio of approximately 400 revenue-
grade smart meter commercial electricity-only customers. Due to the research funding
expiration date, the utility selected a short list of candidates to be offered virtual energy
audits at no charge and 19 customers agreed to participate. The identities of the customers
were withheld from the research team due to the short duration of the project and estimated
time to obtain each customer’s written consent to disclose their non-public information.
The ten buildings were categorized as food sales (2), education (1), office building (2),
healthcare (1), entertainment venue (2), and condominium common area under the control
of the Association of Apartment Owners, not the residences (2). The size of the buildings
ranged from 604 m2 to 68,756 m2 and were located in Honolulu (7), Pearl City (2), and
Kailua (1) on the island of Oahu, Hawai’i (cities at elevations <275 m).

2.2. Data Analysis Software

The virtual energy audit software chosen for the study was the Energy Diagnostics
Investigator for Efficiency Savings (EDIFES) developed by Case Western Reserve University
and spun off as a start-up, Edifice Analytics. EDIFES software uses building markers to
analyze potential costs and savings associated with identified EEMs [11]. Building markers
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are the set of functions that identify building energy characteristics from which a building
energy profile can be prepared to compare buildings and assess if a building is operating
at near peak efficiency. These functions may include baseload to peak energy ratio, energy
pattern snapshot, HVAC schedule (on/off times), and building occupancy patterns. When
a small population of buildings of different categories and climates are analyzed in a virtual
energy audit, varying usage characteristics such as baseload, daily operation, and energy
use intensity (EUI) may be clearly identified [12].

The software analyzed the 15 min electric interval data with algorithms that distin-
guished utility usage into end uses such as lighting, heat pumps and HVAC fans. Using
the square footage of the building, the software can estimate appropriate ranges of energy
usage and detect potential areas of excessive energy to perform typical needs such as
lighting, air conditioning, etc.

2.3. Virtual Energy Audit Reporting

Data were delivered to Edifice Analytics, who verified its completeness. Only 10 of the
19 buildings had enough data to execute the audit. Categories of potential energy savings
identified by the virtual energy audits are as follows:

• Energy use intensity benchmarking by building category and climate type;
• Energy consumption pattern “snapshot”: a graph showing annual average hourly

energy consumption by day of the week during winter and summer seasons. Box and
whiskers indicate the variability of energy use;

• Baseload cooling savings;
• HVAC reschedule savings;
• Setpoint setback savings;
• HVAC size/efficiency savings: replacing equipment;
• Window replacement savings;
• Plug load and interior lighting savings: replacing equipment;
• Refrigeration savings: replacing commercial equipment;
• Exterior lighting savings: adding daylight sensors or a schedule;
• Building shell savings: air-sealing, added insulation, roof replacement;
• Additional cost for increased ventilation (without EEMs implemented);
• Weighted total savings estimate.

The weighted total savings estimate is the result of changes made to the building and
its operation in each of the categories, assuming all efficiency measures are employed. It is
based on changes relative to the time period evaluated using the midpoint value for each
marker. For HVAC, an adjustment is made to each of the individual markers (schedule,
set-point, base load, etc.) to account for the overlapping impact of each measure on the
HVAC savings as a whole.

2.4. Increased Ventilation in Response to COVID-19

The virtual energy audit also evaluated the predicted increase in energy consumption
if the ventilation rate was increased as a means to improve indoor air quality and reduce the
risk of airborne transmission of COVID-19. Mechanical ventilation in a tropical climate zone
such as Hawai’i refers to the mechanical processes to introduce fresh air within a building
over a period of time, and is typically combined with dehumidification, cooling, filtration,
and, sometimes, reheat. Ventilation and air conditioning mechanical systems in larger
and newer buildings are generally equipped with advanced controls with default settings
based upon standards and guidance by the American Society of Heating, Refrigerating,
and Air-conditioning Engineers (ASHRAE) to provide uniform sequences to maximize
energy efficiency and performance, control stability, and allow for real-time fault detection
and diagnostics [13]. The advanced controls may be manually adjusted beyond standard
settings. ASHRAE, et al., provide guidance about the adjustment of ventilation to create a
safer and healthier workplace and reduce risk of indoor transmission of COVID-19 [14,15].
To help building managers and owners, the virtual energy audit estimated increased energy
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use associated with increasing the ventilation rate by 25%, 50%, and 100% (e.g., by changing
the damper position accordingly). Costs from the increased ventilation could be offset by
cost savings resulting from the implementation of EEMs identified in the virtual energy
audit. Building owners and managers were advised to use those results alongside an
in-person assessment of the HVAC system’s maximum ventilation rate.

2.5. Appendices to the Virtual Energy Audit Report

Appendices [16–18] (not provided here) were prepared by the University of Hawai’i
at Manoa with input from engineers and staff of Hawai’i Energy, the administrator of a
public benefits fee dedicated to support end-use energy efficiency measures available to the
utility’s customers by providing financial incentives. The appendices included checklists for
discussion with a future on-site energy auditor to validate virtual energy audit findings and
identify specific energy efficiency measures for installation. Specific energy conservation
and air handling measures to be considered and undertaken by the participating businesses
require the building owner or operator to engage qualified contractors to conduct site visits
to prepare and present proposals based on the virtual energy audit findings. The three
appendices in the report are as follows.

• Appendix A [16] is divided by energy end-use and describes:

◦ Checklists of very specific EEMs recommended by ASHRAE to consider imple-
menting;

◦ Hawai’i Energy’s financial incentives for implementing each EEM;
◦ Hawai’i Energy’s participating contractors; and
◦ Temporary pandemic-related ventilation and indoor air quality measures to

consider implementing.
◦ A list of references.

• Appendix B lists Hawai’i Energy’s recommendations for Business Re-entry, HVAC
Operations & Energy Impact [17].

• Appendix C consists of the ASHRAE Epidemic Task Force Commercial Guidelines [18].

The completed virtual energy audit reports were delivered to the electric utility to
forward to the participating businesses to prompt consideration of potential equipment,
operational, and maintenance improvements.

3. Results
3.1. Energy Analysis and Predicted Savings

The estimated annual electricity cost savings for implementing EEMs ranged from
USD 4815 for a 604 m2 building to USD 209,605 for a 61,629 m2 building (Figure 2). This
represents a 9% to 41% reduction in annual electricity use and a 24 MWh to 1195 MWh
reduction in annual energy use, respectively.

Building energy use intensities (EUI; kWh/m2/year) can vary greatly, even within the
same building category. For example, in the Food Sales category, one building had an EUI
of 892 kWh/m2/year, while another had an EUI of 129 kWh/m2/year (Figure 3).

The virtual energy audit reports benchmarked the EUI of the buildings studied,
compared with peer buildings. Peer buildings are in the same building activity category
and are located in a similar climate zone. In this case, it was hot climates (hot-dry, mixed-
dry, and hot-humid) defined by the U.S. Energy Information Administration’s Commercial
Buildings Energy Consumption Survey [19]. A building ranked in the first quartile has a
lower EUI than its peer buildings and one in the fourth quartile has a higher EUI than its
peers. For example, the healthcare building EUI of 366 kWh/m2/year was higher than
an office building (253 kWh/m2/year) and a condominium building (234 kWh/m2/year),
but was ranked in the third quartile for its building type, compared with the others that
were in ranked in the fourth quartile for their building types (Figure 4). Five of the ten
buildings ranked below the median (first and second quartiles) for their building types.
Knowledge of a building’s EUI relative to its peer buildings may motivate the owners of



Energies 2021, 14, 5914 6 of 14

more energy-intensive buildings to solicit an in-person energy audit and install EEMs. It
may also help the owner of a portfolio of buildings to identify and prioritize the buildings
for in-person energy audits and EEM retrofits.
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3.2. Increased Energy Use with Increased Ventilation in Response to COVID-19

Increasing ventilation in response to the COVID-19 pandemic is estimated to increase
energy use by 1.9% to 19.3% for these buildings depending on the specific building and
increased ventilation rate (Edifice Analytics did not perform this analysis for the healthcare
building, noting “Given the nature of this healthcare building and the inherent ventilation
complexities with healthcare facilities, EDIFES was unable to accurately identify the ven-
tilation load and potential costs associated with increasing ventilation operation within
the building.”). Operational cost estimates related to the increased energy use for venti-
lation were calculated for scenarios of 25%, 50% and 100% increases in ventilation rates
(see Table 1). CDC [15,20], ASHRAE [14,18], and others, do not provide specific guidance
on how much the ventilation rate should be increased. For example, the CDC states: “The
ventilation intervention considerations . . . come with a range of initial costs and operating
costs which, along with risk assessment parameters such as community incidence rates,
facemask compliance expectations and room occupant density, may affect considerations
for which interventions are implemented.” [20]. Some of the increased energy use from
increasing ventilation could be offset by implementing EEMs outlined in the virtual energy
audit and Appendix A, further supplemented by rebates offered by organizations such as
Hawai’i Energy.
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Table 1. Percent increases in annual energy use with varying increases in ventilation rates, as estimated by the virtual
energy audits (except for the healthcare building).

Building Type Annual Electricity
Consumption (MWh)

Percent Increase in Ventilation Rate with Resulting Percent
Increase in Annual Energy Consumption

25% 50% 100%

Food Sales 96 2.5% 4.9% 9.8%
Food Sales 538 3.0% 6.0% 12.0%
Education 352 4.8% 9.6% 19.2%
Office Building 3723 3.1% 6.2% 12.4%
Office Building 4580 1.9% 2.0% 7.6%
Entertainment Venue 7407 2.1% 4.2% 8.4%
Entertainment Venue 3940 3.6% 7.3% 14.5%
Condominium 4213 2.2% 2.6% 8.9%
Condominium 2421 4.8% 9.7% 19.3%

4. Discussion

The opportunity for energy efficiency savings in existing buildings is extremely large
considering that nearly two-thirds of the building area existing today will still exist in
2050 on a global level [8]. At the federal level in the United States, building retrofits are
among the solutions chosen by the Biden Administration to pursue green jobs and climate
change mitigation. These objectives are addressed under the proposed American Jobs
Plan, a Biden Administration proposal that includes building, preserving, and retrofitting
more than two million homes and commercial buildings in the United States [21]. It
is not clear, however, whether the retrofit of as many as a quarter of the commercial
buildings in the United States can be achieved at the scale contemplated by the Biden
policies without cheaper and quicker means to assess potential EEMs or indoor air quality
improvements. The urgency for climate change mitigation may compel priority actions
such as strengthening the market pull for energy-efficiency innovations and demand-side
policies [22].

When assessing whether virtual energy audits might be rapidly deployed at a large
scale, there is potential to utilize existing smart meters nationwide to provide the necessary
interval electricity data. In 2019, U.S. electric utilities had about 94.8 million advanced
(smart) metering infrastructure (AMI) installations. About 88% of the AMI installations
were residential customer installations [23]. Commercial customers, however, consume a
disproportionate share of electricity. In 2018, 18 million commercial electricity customers
directly consumed 1381.76 TWh or 32.72% of the total electricity produced in the United
States [24]. For all customers with smart meters, including the 12% or more commercial util-
ity customers in the U.S., electricity usage is measured and recorded at 5, 15, 30, or 60 min
intervals and provided to both the utility and utility customer at least once a day. Smart me-
ters range from interval meters to real-time meters with built-in two-way communication
that are capable of recording and transmitting instantaneous data.

To accomplish the large-scale energy-efficiency retrofits proposed by the Biden Ad-
ministration, voluntary or mandatory building energy benchmarking would help identify
buildings that consume the most energy relative to their peers. Voluntary tools such as
Energy Star Portfolio Manager can help track and improve energy efficiency across a
portfolio of properties and enable comparison to peer buildings [25]. A second approach
is county-led building energy benchmarking, a recently launched resilience initiative in
Honolulu [26]. Third, municipalities may mandate building benchmarking or limit carbon
emissions of existing buildings through policy, as some jurisdictions in the U.S. have al-
ready undertaken [27,28]. Such benchmarking can be followed by virtual energy audits
to determine whether the buildings with the highest energy consumption also have the
highest estimated potential energy cost savings.

Cities or building portfolio owners may use energy benchmarking data to identify
and prioritize buildings for virtual and in-person energy audits and EEM retrofits. In most
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large cities in the U.S., a small percentage of big buildings are responsible for about half of
the total building sector emissions in that city. For example, in Seattle, WA, 2.8% of the total
building sector (5098 of 181,947 buildings) is responsible for 45% of the city’s total building
sector emissions. In New York, NY, buildings over 50,000 ft2 are responsible for about
half of the city’s total building sector emissions [29]. On a global scale, the opportunity to
reduce operational emissions from existing buildings is supported by the fact that nearly
two-thirds of the building area existing today will still exist in 2050 [8].

Simple benchmarking (comparing the EUI of a building with a population of similar
buildings and tracking its performance over time) has been successfully used as a tool to
encourage energy efficiency implementation [30], and as of August 2021, four states and
37 cities in the U.S. have some benchmarking requirements in their policies [31], and other
countries are making similar changes to policies [32]. In the UK, benchmarking first gained
prominence when it became part of a mandatory Display Energy Certificate (DEC) scheme
under the Energy Performance of Buildings Directive (EPBD) (CIBSE, 2003). Under the
directive, public buildings with floor areas greater than 500 m2 and frequently visited by the
public are required to produce a DEC (DCLG, 2012) [33]. The revised EPBD of 19 June 2018
is a European Commission directive with follow-on action plans with specific regulatory,
financing and enabling measures intended to double the annual energy renovation rate of
buildings by 2030. Anticipated future revisions to EPBD will focus on provisions that are
central to boosting building renovations, motivate consumers to accelerate investments
in smart building technologies, and support the uptake of technology innovation in the
building sector [34].

The virtual energy audit is a step beyond benchmarking and could be used as an educa-
tional tool to motivate business owners to act on reducing energy use. Based on the virtual
energy audit estimates of potential energy savings, business owners may wish to consider
early replacement of less efficient equipment. For example, the four HVAC/cooling mea-
sures in the Honolulu case study account for 48% to 97% of the estimated energy savings
of the ten audited buildings. While replacing HVAC equipment with more efficient models
is an expensive retrofit, implementing the reschedule and set point changes on existing
equipment accounts for 28% to 69% of the total estimated savings. Because this virtual
energy audit trial did not allow researchers to access the buildings or know the addresses,
there was no way to determine if natural ventilation was an option to save energy. The
appendix to the virtual energy audit report lists detailed options to consider when not to
use air conditioning and instead use natural ventilation if the building was designed for it.

Several calls for improvement to conventional (in-person) and virtual energy audits
point to potential future industry-wide action. In their review of conventional energy audits
used to inform EEM deployment, Consortium for Advanced Residential Buildings (CARB)
investigators found that audits performed by Building Performance Institute accredited
contractors lacked clear reporting, resulting in arbitrary recommendations for building
upgrades and containing non-energy-related measures that can be justified for health,
safety, or cosmetic reasons but do not contribute to reducing energy use [35]. Virtual
energy audits as an alternative have also faced criticism for a variety of reasons including
inaccurate remote interview answers from building owners, limited EEM descriptions and
options, and lack of specificity in the root causes of excess energy [36].

Based on the approach utilized under the Initiative, an issue that can hamper the
effectiveness of virtual energy audits is the high dependence on having at least 12 months
of contiguous data. In Honolulu, a number of data sets were found to be deficient in this re-
gard due to a variety of factors, including uncharacteristic demand profiles stemming from
COVID-19 and the limited time in which smart meters were in place prior to the Initiative.

After a thorough review of the Initiative, the following observations can be made
when considering conducting a virtual energy audit as a precursor to future in-person
energy audits and installation of EEMs, compared with relying on a building owner to
initiate an in-person audit:
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1. The Initiative’s virtual energy audits identified EEMs for end uses relevant to the com-
mercial sector in the subtropical environment, such as air conditioning, ventilation,
plug loads, and lighting. As mentioned previously, commercial electricity customers
consume 32.72% of the total electricity produced in the United States;

2. A virtual audit feature that estimates energy costs associated with increasing ventila-
tion to improve indoor air quality emerged during the COVID-19 pandemic;

3. Although increasing ventilation during the pandemic would temporarily increase
energy use, implementing other EEMs would save energy. The Initiative’s virtual
energy audits provide businesses affected by the pandemic with a quick estimate of
potential energy increases and savings.

Upon receipt of a virtual energy audit report, building owners should consider the
following next steps:

1. Identify specific opportunities to be investigated via on-site assessment and potential
actions that may be considered;

2. Identify potential financial incentives for EEMs to create further cost savings and
contractors familiar with utilizing those incentives;

3. Consider the potential energy cost savings, including potential rebates, when evaluat-
ing solicitations to implement the recommended measures and savings opportunities.

5. Conclusions

Virtual energy audits provide more information than simple benchmarking to target
energy savings and costs for building owners or facility operators considering building
retrofits. Associated reports that contain information on available financial incentives for
EEMs inform building owners how to improve upon recommended cost savings and offset
costs of increasing ventilation to reduce the risk of exposure to COVID-19. There are several
observed potential advantages in using a virtual energy audit as an initial step, rather than
a typical on-site energy audit process as an initial step:

1. The low cost of a virtual energy audit versus an in-person audit makes it a more
feasible first step when considering large-scale deployment;

2. The building owner or facility operator is not required to initiate or spend time on the
virtual energy audit process. Electricity use may be provided directly from the utility;

3. The virtual energy audits rapidly estimate potential annual energy cost savings, which
may motivate the building owner or operator to pursue the suggested next steps
with an on-site assessment. There are additional time and cost savings advantages
for building owners when virtual energy audit reports are coordinated with existing
rebate programs and other incentives;

4. This process can be enhanced by coordination with existing programs for energy-
efficiency financial incentives and approved contractors;

5. Virtual energy audit reports have clear, understandable kWh and cost data for build-
ing owners and associated utility commercial account representatives.

These described advantages are consistent with other literature on virtual energy
audits [11,36–38].

When planning future virtual energy audits, buildings should be selected for their
potential to significantly reduce energy use and associated greenhouse gas emissions using
the following criteria:

1. Target the largest energy users;
2. Target buildings with high energy use intensities as compared with peer buildings;
3. Target owners with a portfolio of buildings who are inclined to pursue energy effi-

ciency. Improving multiple buildings through one point of contact may be faster than
multiple owners and operators.

Future research is warranted to address unfinished tasks discussed in the Introduction.
For buildings identified in virtual energy audit reports with the greatest estimated potential
energy savings, there is a need to compare forecasted energy savings and ventilation energy
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increases from virtual energy audits to ASHRAE Level II audits and actual installations.
For jurisdictions that have a public fee benefits administrator overseeing energy efficiency
opportunities in the utility’s service territory, an addendum to the virtual energy audit
report with available incentives to offset installation costs will be a useful addition. There
is also an opportunity to study co-benefits such as peak electricity demand reduction or
development of building benchmarking grades.

Finally, federal, regional, and state regulatory oversight agencies’ guidance and di-
rectives on utility adoption of smart meters should reference the potential of interval data
for virtual energy audits in addition to other uses such as electricity pricing innovations
(e.g., Real Time Pricing (RTP) and Critical Peak Pricing (CPP) rates). It should be noted
that virtual energy audit software is also commercially available for the residential sector,
which was beyond the scope of this analysis. However, similar analysis and evaluation on
virtual energy audit performance in the residential sector would be in the public interest
and is recommended.
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