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Building Performance Standards: A Technical Resource Guide is the first in a series of guides
developed by ASHRAE’s Task Force for Building Decarbonization (TFBD) aimed at addressing
the challenge of decarbonizing the building stock. This guide provides in-depth background infor-
mation on building performance standards (BPS) to assist policy makers and the practitioners that
support them in developing a BPS policy that advances decarbonization and energy efficiency in
existing buildings.

The book was initially envisioned and outlined by the 21 members of the TFBD Building Per-
formance Standards Working Group, representing jurisdictions that were early adopters of BPS
policies, building energy industry experts and BPS thought leaders, and the U.S. Department of
Energy (DOE) and its national research laboratories. The co-chairs of this working group, Adam
Hinge and Andrea Mengual, would especially like to thank the other primary authors of this
book—working group members that dedicated countless hours to crafting, writing, and improving
this guide, while incorporating feedback from other working group members along the way: Harry
Bergmann, Amy Boyce, Kim Cheslak, Bing Liu, Paul Mathew, Travis Walter, and Yunyang Ye.
We would also like to extend a special thank you to Bing Liu for her leadership during the initial
stages of the working group and guide development and for her support of the guide when she
transitioned to the TFBD Executive Committee (ExCom).

The working group met biweekly for nearly a year to get this guide to completion. We would
like to thank the families of the working group members and authors, as their dedication to this
project meant late nights and time away from family activities. In addition, we acknowledge sup-
port from the working group members’ employers: AKF Engineers, American Council for an
Energy-Efficient Economy, BC Hydro, Bentley Systems, DOE, Guttmann & Blaevoet, Institute for
Market Transformation, Kaiser Permanente, Lawrence Berkeley National Laboratory, New Build-
ings Institute, New York City Department of Buildings, Oregon Department of Energy, Pacific
Northwest National Laboratory, Schneider Electric, Sustainable Energy Partnerships, Taylor Engi-
neers, University of Salerno, and Washington State Department of Commerce.

The working group’s efforts were guided by the TFBD ExCom under the leadership of
ASHRAE Fellow Kent Peterson and the operational guidance of Blake Ellis, TFBD Operational
Subcommittee chair. The TFBD provided the support needed to accelerate the time frame for pub-
lication of this guide, and ASHRAE staff members Cindy Michaels and Stephanie Reiniche were
instrumental in executing that vision. As a highlight of the importance of BPS as policy tools for
building decarbonization, the TFBD also helped secure a commitment that the guide would be free
and accessible to all.
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1.1 What Are Building Performance Standards?

Building performance standards (BPS) are an emerging and increasingly important policy tool
for jurisdictions looking to reduce the operational greenhouse gas (GHG) emissions of their built
environment to meet their climate commitments. Unlike construction and energy codes, which only
affect buildings at distinct events in their life cycle, such as new construction or major renovation,
BPS aim to regulate and reduce the climate impact of existing buildings by establishing increas-
ingly stringent targets that require buildings to improve performance throughout their lifetimes.

The decarbonization of the building sector, particularly as it concerns operational carbon emis-
sions, is a primary policy driver of BPS adoption by jurisdictions in the United States. The path-
way to building decarbonization involves many elements of building design and construction,
operation, and occupancy. Building performance standards can contribute to decarbonization by
regulating building operational performance and by actively seeking alignment with other policies
in the jurisdiction, such as construction codes and policies encouraging decarbonization of the
electrical grid. BPS are inherently flexible policies that jurisdictions can tailor to meet their overall
policy goals, whether that is climate action, building sector energy reduction, or electrification—as
well as related goals such as increasing energy affordability.

There are four key components of a BPS policy: 1) the scope of the policy in terms of the
buildings that it covers, 2) the metrics used to measure performance, 3) the associated performance
targets, and 4) the compliance time frame and implementation mechanisms. The first step in estab-
lishing a BPS policy is identifying the jurisdiction’s goals and policy drivers motivating its imple-
mentation. This process will help policy makers understand the desired outcomes of the BPS and
help inform the selection of metrics, stringency of the performance targets, compliance time
frames, and desired impact on the building stock.

Throughout the BPS development process, it is critical that policy makers engage members of
the real estate, design, and construction industries, as well as utilities and state and local govern-
ment officials representing sustainability and regulatory departments. The process must include
community-based organizations that represent their communities, particularly historically disin-
vested or under-resourced communities, to ensure they have a voice and can understand how BPS
may affect building occupants. Community-based organizations can facilitate engagement with
residents from disinvested communities, allowing for direct dialogue with decision makers and
program designers. Resident engagement provides a better understanding of the needs of the com-
munity and the building occupants and tenants and better equips programs to tackle the challenges
of energy efficiency upgrades in affordable housing.

© 2023 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Chapter 1 Introduction

1.2 Building Performance Standards Adoption

Although adoption of BPS is not limited to North America—as of the writing of this guide,
jurisdictions that have adopted BPS include countries like the United Kingdom, The Netherlands,
Scotland, and France and cities like Tokyo (IEA 2021)—this section provides a deeper dive into
the BPS policies adopted to date in North America.

BPS adoption and implementation in the United States is happening at the local, state, and fed-
eral government levels, resulting in a broad range of approaches that are targeted to each jurisdic-
tion’s specific policy needs. As of December 2022, BPS policies were fully approved and adopted
as local ordinances or laws in eight U.S. cities, one county, and three states, as well as at the fed-
eral level through the Federal Building Performance Standard (The White House 2022a), which
applies to certain federally owned facilities. BPS policies were also being considered for imple-
mentation in more than 20 additional jurisdictions as part of the National Building Performance
Standards Coalition (The White House 2022b). The map in Figure 1.1 shows where BPS have
been adopted or are being considered for adoption as part of the National BPS Coalition and
whether an energy- or emissions-based metric was adopted.

The existing BPS policies in North America are driven by each jurisdiction’s objectives for
emissions and energy goals for the building sector as well as affordability and health consider-
ations. The policies vary in the metrics, scope (building types and sizes), compliance pathways,
and compliance periods they use. Of the jurisdictions that have adopted BPS in the United States,
only New York City and Boston have used a carbon-based metric instead of a site energy or source
energy based metric. In the case of the BPS adopted by the City of Vancouver, Canada, the policy
initially sets emissions targets for covered buildings and will eventually be expanded to include
energy use targets (City of Vancouver 2022). Some of these policies require compliance starting in
2023, while others do not go into effect until 2030. Table 1.1 compares the BPS policies adopted in
North America at the time of publication of this guide.

T

Washington

) [

(J\ ‘ Reno. NV e _a Denver, CO
1 @ |
) Q ‘ Colorado

1

\r_;' A {
fi — % Washington, D.C
i g |
— e — o

Figure 1.1 Map of BPS adoption status across the U.S. as of December 2022. Only pro-
grams that are in place are labeled. (Image credit: PNNL 2022)
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Table 1.1  Comparison of BPS in North America

Initial
Jurisdiction® Building Type Scope Compliance  Performance Metric(s)
Period
Boston, Municipal buildings of any size 2025 for Carbon dioxide equivalent
Massachusetts, Commercial buildings >20,000 fi? buildings (CO,e) GHG intensity
USA Multifamily buildings >20,000 ft> >35,000 ft*®  (GHGI)
or 15 units
Chula Vista, Municipal, commercial, institutional, 2023 for Site energy use intensity
California, USA and multifamily buildings >20,000 ft> buildings (EUI) reduction target (%)
>50,000 f®  or ENERGY STAR score
Denver, All commercial and multifamily 2024 for Site EUI®
Colorado, USA buildings >25,000 ft? buildings
>25,000 ft*
Montgomery Public, commercial, institutional, and 2024 for public Site EUI
County, multifamily buildings 250,000 ft2 buildings
Maryland, USA initially, decreasing to >25,000 ft> >50,000£t2 4
over time
New York, All commercial and multifamily 2024 CO,e GHGI
New York, USA  buildings >25,000 ft>
Reno, Nevada, Municipal buildings >10,000 ft2 2026 ENERGY STAR score
USA Commercial and multifamily buildings or site EUI
>100,000 ft* initially, decreasing to
30,000 ft? over time
St. Louis, Municipal, institutional, commercial, 2025 Site EUI
Missouri, USA and multifamily buildings >50,000 ft?
State of Colorado, Public, institutional, commercial, and 2026 Under development
USA multifamily buildings 250,000 ft?
State of Public, institutional, commercial, and 2030 On-site GHG emissions®
Maryland, USA multifamily buildings 235,000 ft?
Vancouver, Commercial buildings >100,000 ft? 2026 CO,e GHGI and heating
British Columbia, (space and hot water)
Canada energy intensity
State of Commercial buildings >50,000 i 2026 Site EUI
Washington, USA
Washington, Municipal buildings >10,000 ft? 2026 ENERGY STAR score
District of Commercial and multifamily buildings or source EUI
Columbia (D.C.), >50,000 ft> initially, decreasing to
USA 10,000 ft* over time
2 See Section 1.5.1 for links to more details on these BPS policies.
B Building size threshold for compliance decreases in future compliance periods.
¢ Also includes an electrification requirement for space- and water-heating equipment.
& Compliance for different building types and sizes is phased over time.
¢ At the time of writing this guide, the state was still defining its BPS metrics.
f

Multifamily and commercial buildings 220,000 will be covered starting in 2031.

3
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Chapter 1 Introduction

The coverage of building performance standards across the United States stands to be signifi-
cantly expanded by the efforts of the federal government and the National BPS Coalition; the com-
bined footprint covered by the adopted and proposed BPS policies as of the time of publication of
this guide represent one quarter of all commercial, federal, and multifamily buildings in the coun-
try (The White House 2022a). Participating partners of the coalition have committed to advancing
legislation or regulation in their jurisdictions by Earth Day (in April) in 2024. Their participation
includes developing policy road maps, identifying and acting on prerequisites for BPS and com-
plementary policies, and sharing results and experiences to forge a community of practice and co-
create policy.

1.3 Purpose and Content of this Guide

ASHRAE has developed this resource guide to provide a technical basis for policy makers,
building owners, and other stakeholders interested in developing and implementing BPS. This
guide focuses on North America, where BPS are already in place in several states and cities.

1.3.1 BPS Terminology

BPS adopted in the United States have been developed independently by each jurisdiction,
resulting in a broad range of definitions of BPS and BPS-related terminology that may generate
confusion for policy makers. For the purpose of this guide, BPS-related terms are explicitly
defined as follows:

emissions conversion factor: A factor that can be used to convert a unit of energy into a unit of
GHG emissions, where GHG emissions are typically expressed in mass units of CO,e.

normalization: Used in the context of metrics and performance targets and measured building
performance. Metric normalization refers to the process of adjusting metrics to a common scale
or unit, such as building floor area. Performance target normalization refers to the process of
adjusting the performance targets for a building based on specific factors that may influence its
performance, such as weather, occupancy, and high-energy applications, among others.

performance target: The specific level of performance or performance threshold that build-
ings are expected to meet as part of the BPS. Used interchangeably with target.

policy makers: Representatives of the jurisdiction’s governing body that develop and adopt the
BPS; may include legislators, building department staff, council members, and others, depend-
ing on the jurisdiction.

policy scope: The buildings covered by the standard, i.e., buildings that are required to meet a
performance target.

Scope 1 and Scope 2 emissions: In the context of emissions reporting, the scope of emissions
is defined in terms of whether the reporting entity owns and controls the asset producing the
emissions. Scope 1 emissions are direct GHG emissions resulting from fuel combustion from
sources owned by the reporting entity (typically building owners in the case of BPS). Exam-
ples of Scope 1 emissions include those associated with combustion in boilers, furnaces, and
similar equipment. Scope 2 emissions are indirect GHG emissions associated with the pur-
chase of useful energy (electricity, steam, heating, cooling) that is used at the reporting entity’s
site but is not generated by assets controlled by the reporting entity. Scope 2 emissions are the
result of energy use and are typically accounted for by the entity using the energy, not the
entity generating it (EPA 2022). BPS emissions reporting is generally defined as emissions
from operational energy use but does not include fugitive refrigerant leakage that is part of
Scopes 1 and 2 in some international standards.

standard: Refers to the BPS policy, covering metrics, targets, compliance, etc., and not a spe-
cific performance level.

4
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Building Performance Standards: A Technical Resource Guide

1.3.2 What's in This Guide

This guide is organized as follows:

* Chapter 2, “BPS Metrics,” explains the variety of options for BPS metrics and some of the
key issues in metric selection, including strengths, limitations, and implications around dif-
ferent metrics, along with an accompanying high-level overview of other related metrics.

* Chapter 3, “Establishing Performance Targets,” provides a high-level description of the var-
ious approaches for setting BPS performance targets, including the applicability, data
requirements, development process, and strengths and limitations of each approach. In addi-
tion, it provides considerations for target setting.

* Chapter 4, “Major Policy Considerations,” outlines major considerations for policy makers
when developing and adopting BPS. Key considerations include establishing pathways for
buildings to achieve policy objectives, compliance alternatives, and alignment between BPS
and energy codes.

* Chapter 5, “Analysis Methods for BPS Policy Design,” provides methods for analyzing and
understanding the influence of policy scope, metric selection, target setting, and other policy
questions on BPS and understanding their influence on the policy. This chapter is primarily
intended for technical stakeholders who are conducting the data analysis.

1.3.3 What's Not Covered in This Guide

This guide is the first in a series being prepared by ASHRAE’s Task Force for Building Decar-
bonization (TFBD). The topics of these guides include building decarbonization, viewed from both
the site energy and life-cycle perspectives; heat pump application, design, and operation in build-
ings; hospital decarbonization; and grid-interactive buildings for decarbonization. As a result,
these topics are not covered in this BPS guide.

Because BPS focus primarily on a building’s energy-consuming operations, the discussion of
carbon emissions (generally expressed as CO,e) in this guide is focused on operational carbon and
excludes embodied carbon considerations such as construction or material end-of-life emissions.
The forthcoming TFBD book Whole-Life Carbon Guide for Building Systems addresses embodied
energy and carbon.

This BPS guide does not provide in-depth discussions of BPS policy implementation, tools for
implementing different compliance approaches, or financing mechanisms that may be necessary to
improve building performance.

1.4 Equitable Outcomes

This guide presents issues that are typically considered by a jurisdiction when developing a
BPS policy to reduce energy use or carbon emissions of existing buildings. Many jurisdictions pur-
suing these policies will also aim to achieve other related goals through BPS, including those
related to equity, health, water, and resilience, among others. Local governments in particular see
their energy and climate policies as tools to advance a variety of priorities, such as economic
development and pollution reduction. Policy makers in most jurisdictions considering BPS will
take into account the ways in which BPS can achieve equitable outcomes through the policy’s
design and implementation. In doing so, most will aim to engage disinvested communities, try to
ensure the design does not exacerbate inequities, and work to ensure resulting energy efficiency
investments accrue to all community members.

To ensure widespread adoption of the BPS, jurisdictions developing a BPS policy should con-
template providing resources or programs to support building owners and operators with compli-
ance; jurisdictions should also think about developing different compliance paths. This support can
come in the form of companion policies or programs that provide financial support for certain
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building types, such as affordable multifamily housing, or in the form of technical resources and
training that help reduce the burden on organizations trying to implement the standard. One exam-
ple of the implementation of this type of companion program is the Washington, D.C., Affordable
Housing Retrofit Accelerator, which was launched along with the enactment of the district’s build-
ing energy performance standard (BEPS). This program was designed to provide direct technical
and financial assistance to occupants of multifamily affordable-housing buildings in Washington,
D.C., who typically face financial and capacity challenges to upgrade their buildings, so that they
can meet the requirements of the BEPS. Services provided by the Accelerator program include
energy audits, one-on-one guidance on how to comply with the BEPS program, and financial assis-
tance for implementing upgrades (DCSEU 2022). Jurisdictions considering BPS are encouraged to
evaluate how use of similar policies could enhance the BPS outcomes.

More information about equity considerations in affordability is addressed in Section 4.7 of
Chapter 4.
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For any performance standard, selecting the metric by which compliance will be measured is a
critical step. All other choices for developing BPS will be directly related to and follow the met-
ric(s) chosen to measure performance.

Given that many jurisdictions are looking at BPS to help achieve carbon emissions reductions
and building decarbonization goals, metrics and their associated targets should lead toward the end
goal of decarbonization along with other important policy goals in the jurisdiction, such as priori-
tizing energy efficiency to help reduce energy bills. Because BPS focus primarily on a building’s
energy-consuming operations, the regulation of carbon emissions, generally expressed as carbon
dioxide equivalent, or CO,e, would be primarily measured based on operational carbon and
exclude embodied carbon in building materials. Over time, as embodied carbon is better under-
stood and categorized, this may change.

This chapter explains the variety of potential BPS metrics; the key issues in metric selection,
including strengths, limitations, and implications around different metrics; and potential equity
considerations. It also provides a high-level overview of other related metrics. This chapter is
geared toward jurisdictions and policy makers considering or designing a BPS policy, as well as
standards and codes developers, building owners, engineers, designers, and other stakeholders
seeking to understand how different BPS have been established in North America.

2.1 Introduction to Metrics
2.1.1 Aligning Metrics with BPS Goals

BPS policies support multiple objectives depending on each jurisdiction’s needs. These objec-
tives include 1) increased energy efficiency or reduction in overall energy use; 2) decarbonization or
electrification of building loads; 3) economic and equity goals, such as increases in green jobs,
reduced bills for affordable housing, and improved indoor environmental health; and/or 4) increasing
renewable energy generation to displace and replace fossil fuel consumption. These supporting objec-
tives will result in carbon reductions to help meet local, national, and international climate goals.

The selection of the metric should be reasonably aligned with the end goals of the jurisdic-
tion’s adopted BPS. This alignment may be more complicated than selecting a carbon (greenhouse
gas emissions) metric to achieve a decarbonization goal due to other factors such as ease of com-
pliance and enforcement or variations in the grid’s carbon intensity. As buildings decarbonize,
often replacing fossil fuel energy use with electric systems, there are electric grid considerations in
terms of the energy coming into the building and the grid’s transmission, distribution, and genera-
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tion needs. BPS need to recognize this interactivity. This chapter presents a number of potential
grid integration metrics for jurisdictions to consider when developing BPS. The forthcoming
ASHRAE TFBD book Grid-Interactive Buildings for Decarbonization: Design and Operation
Resource Guide addresses this topic.

To align with long-term goals, individual building-level metrics need to be considered directly
alongside projections for grid emissions and renewable energy production to account for actions
that are within and outside of the building owner’s control to achieve the goals and targets.

2.1.2 Metric Basics

A metric is a quantifiable measure used to track progress on an attribute—a measure of perfor-
mance, in the case of BPS. A metric is often derived from one or more measures, usually multiple
factors expressed as a fraction or ratio with a numerator and a denominator. As explained in Sec-
tion 2.3.1.1, when site EUI is the metric, site energy usage (generally expressed as the sum of all
energy sources consumed in the building for a year) is the numerator, and the denominator is the
building’s floor area.

The numerators of metrics attract the most attention because they are the primary metric for
the policy. The numerator is used to gauge progress toward the final goal of energy or carbon
reduction. For example, the numerator might be energy use or carbon emissions, each of which
comes in multiple forms. More details on numerators are provided in this section for the metrics
currently in use in BPS.

The denominator is most regularly floor area, but other measures might be used, such as occu-
pancy (Selvacanabady and Judd 2017). Denominators are normalization factors that help adjust the
metric to a common scale and help level the field for buildings with different characteristics. Most
policies in place today use the common denominators of floor area and year; the exception is the
ENERGY STAR® score, which normalizes a variety of factors into a simple score between 1 and
100 (EPA 2021b). In addition to including a denominator to adjust the metric to a common scale,
the performance target for each metric could be further normalized to account for specific factors
such as weather and building characteristics that may influence performance. Section 3.3 in Chap-
ter 3 provides more detail on normalization. To provide a better understanding of the two most
commonly used denominators, their definitions and some explanations are provided in the follow-
ing subsection.

Table 2.1 shows key attributes for the metrics described in this chapter, jurisdictions where the
metrics are used in current BPS, and other policies where the metrics are in use in North America.

2.1.2.1 Denominator: Floor Area

Floor area is the gross square footage of the building. The definition of floor area is not con-
sistently used across standards and policies. Many jurisdictions with BPS reference the ENERGY
STAR® Portfolio Manager® (ESPM) definition of conditioned floor area (EPA 2021b), though
standards such as ANSI/ASHRAE/IES Standards 90.1 and 100 and ANSI/ASHRAE Standard 105
(ASHRAE 2022, 2018, 2021) use other definitions, including gross square footage, as included
here. Where a jurisdiction is adopting standards that define floor area differently, alignment across
those definitions is important for implementation of BPS. Normalizing by floor area creates a more
level comparison among buildings of different sizes.

2.1.2.2 Denominator: Annual Period

Annual period is a twelve-month interval or single year—for BPS most commonly a calendar
year. Annual accounting provides an additional normalizing factor in building performance.
Given fluctuations in energy use based on building use and scheduling on a weekly basis, seasonal
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Table 2.1  Key Attributes of Metrics for BPS

Units
Category Metric (Numerator and ‘Where Used
Denominator)

Metrics Currently in Use

Energy Site energy use kBtu/ft>/year St. Louis, MO, USA
intensity (EUI) Washington State, USA
Denver, CO, USA
ASHRAE/IES Standard 100 (ASHRAE 2018)
State of Colorado, USA
Montgomery County, MD, USA

ENERGY STAR Normalized 1 to 100 score, Washington, D.C., USA
score based on statistical regression ~ Chula Vista, CA, USA
analysis of source energy use
per ftz/year
Carbon Greenhouse gas COze/ftz/year New York, NY, USA
intensity (GHGI) Boston, MA, USA
ASHRAE/IES Standard 90.1 (ASHRAE
2022)

Vancouver, BC, Canada

Other Potential Metrics

Energy Energy cost $ ASHRAE/IES Standard 90.1
International Energy Conservation Code
(ICC 2021a)
International Green Construction Code
(ICC 2021b)

Source EUI kBtu/ftz/year ASHRAE/IES Standard 100
International Green Construction Code
(ICC 2021b)

Electrification Unitless calculation ESPM (as percent site electricity)
ratio (electricity site energy /
total site energy)

Grid Grid peak KW/ft? Leadership in Energy and Environmental
integration contribution Design® (LEED®) Green Building
Rating System (USGBC 2022)

On-site renewable Unitless calculation ASHRAE/IES Standard 100
energy utilization (exported kW / generation kW) LEED

Grid carbon Unitless calculation LEED

impact

Demand Unitless calculation LEED

flexibility (energy shed kW /

reference demand kW)

"
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fluctuations, and changes in weather patterns, annual energy accounting accommodates fluctua-
tions across a given year. Where carbon is a consideration, annualizing energy use reduces the
metric’s relationship to fluctuations of carbon intensity of the grid.

Annual data are the simplest to gather and provide, eliminating reporting barriers such as the
need for more complex energy monitoring or calculations to translate utility bill data. If factors
such as changes in weather are not accounted for in annual normalization or through another
method, the data provide less insight into changes in energy consumption, since weather is outside
the control of the building occupants and owner and may result in higher energy use in a very hot
or very cold year.

2.1.3 Relationship to Other Policies

Every jurisdiction instituting a BPS policy has minimum building energy codes that regulate
construction and renovation in its building stock. Many jurisdictions also have benchmarking and
disclosure ordinances in place, as well as audit, retrocommissioning, and/or building labeling laws
that affect existing buildings. During metrics selection, it is important to review the multiple ways
in which a building is being asked to comply with other policies across the jurisdiction and deter-
mine where it makes sense for metrics to align. Equitable design in policy development requires
that the metrics selected do not have negative unintended consequences nor that the metrics
become highly complex in their reporting or application. Where metrics or reporting structures can
align with other policies, BPS can be simpler—and it can be better for smaller building or portfolio
owners that may not have the same staff resources as larger owners to track compliance across
multiple metrics and reporting cycles.

Jurisdictions contemplating the potential impact of BPS should also examine the relationship
of the BPS to their utilities. Those seeking metrics to drive multiple sectors of decarbonization
across buildings and utilities will need to engage specifically and directly with utilities providing
fuels and electricity to their buildings to understand the impact of those metrics on owners and
energy providers and to determine if a BPS policy is the best policy to drive the change. Work to
reduce energy poverty, increase resilience, and provide critical services can be addressed by BPS
being carefully partnered with other policies.

More resources on benchmarking, disclosure, and other policies related to building perfor-
mance are available, with some of the most relevant listed in Section 2.5 (see in particular EPA
2021a, ACCC 2021, and Spiegel-Feld and Wyman 2022). Section 4.6 of Chapter 4 provides more
detail on the relationship between BPS and energy codes.

2.2 Key Considerations for Metric Selection

One of the first things to look at when selecting the metrics is what the building owner can
control. The number one item under the control of building owners, and the performance that they
can directly improve, is the energy consumption in the building. While energy consumption results
in carbon emissions, the carbon emissions from electricity or some other energy carriers (district
energy, heating, or cooling) can be outside the control of building owners and therefore difficult for
them to manage and control under a standard. Electricity (and district energy) can be generated
from a variety of different fuel sources, some very clean (wind, solar, or hydro) and some from fos-
sil fuels that have a significantly higher carbon intensity (coal, oil, or gas). While a building owner
may make voluntary purchases of renewable energy credits (RECs), those credits may not actually
reduce local emissions as intended by a BPS policy.

The reporting and accuracy of all metrics can be more complicated in areas with a high amount
of delivered fuels such as fuel oil or propane. While the tracking of when the fuel was purchased is
a relatively easy exercise, determining when those fuels are consumed or used on site is more com-
plicated. In many jurisdictions with benchmarking laws, delivered fuels go under- or unreported.
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Verification methods to understand typical base heating and water-heating loads may be necessary
to properly enforce site-energy reporting in those jurisdictions. Older buildings (as well as rural
buildings) are more likely to continue to use delivered fuels, since these systems are costly to
replace. Considerations for reporting and verification of these fuels should take into account equita-

ble policy application for these buildings and owners.

Using Multiple Metrics in One Jurisdiction

Jurisdictions may elect to use multiple metrics. There
are two primary ways this can occur in BPS:

» Each building is subject to a single metric, but differ-
ent metrics are applied by building type or size for a
reason identified by the jurisdiction or a limitation of
the primary selected metric.

» Example: The Washington, DC, BPS metric is
the ENERGY STAR score, though for building
types where an ENERGY STAR score is not
available, the equivalent metric is weather-nor-
malized source EUI. Buildings that do not meet
the standard have five years to reduce their
energy use by 20%, as measured in weather-
normalized site EUL.

» Each building is subject to multiple metrics because
the selection of a single metric was identified as
unable to achieve the specific goals outlined by the
jurisdiction.

» Example: Denver is seeking to reduce energy
consumption and drive electrification. Both site
EUI and electrification ratio are being consid-

While this chapter discusses
details about metrics issues with
electricity grid and generation mix,
many of those issues are also relevant
to district thermal energy systems.
District  systems vary widely
throughout North America, both in
the breadth of users connected and
the types of thermal energy delivered
(e.g., hot water, either low or high
pressure; steam; or chilled water),
though district systems deserve
attention in decisions about a BPS
metric. Where jurisdictions have
buildings connected to district energy
systems, additional considerations
such as the building site boundary,
conversion factors, and specific
rulemaking need to be considered
(IMT 2021).

An electrification metric ignores
any potential operational cost
increases in switching from gas to
electric equipment. In many areas of
the country, gas remains cheaper than
electricity, so an electrification driver
may create higher utility bills in the
near term, raising energy affordabil-
ity and equity concerns. Many build-

ings subject to BPS will have larger
central-heating and water-heating
systems, which can be more difficult
to electrify. While central heat pump
system technology is advancing so that it may be easier to convert central systems and while utility
rate structures are changing to have less cost impact on all-electric customers, the application of
electrification as a metric should consider technology and cost impacts depending on building
stock and climate zone.

Selecting a metric must balance the energy or carbon impact with the ease of enforcement and
compliance across the jurisdiction. No metric is perfect when looking at all of these criteria, and it
may be that a combination of metrics serves jurisdiction goals better than a single metric. Data
gathered from early adopters of BPS indicate that they may change metrics in the future, suggest-
ing that metrics can evolve over time to meet changing needs. Switching metrics is complicated,
may cause market confusion, and may not reward previously taken actions that were beneficial
under the original metric.

ered to simultaneously signal the need for both.

13

© 2023 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Chapter 2 BPS Metrics

2.3 Potential Energy and Carbon Metrics

There are many metrics that could define “building performance,” though for the purpose of
BPS the metric is generally focused on reducing energy consumption or building-energy-related
emissions. Metrics currently used in BPS focus on direct energy and carbon reductions; these met-
rics on their own can advance a jurisdiction toward its building sector goals. There are additional
potential metrics that focus on carbon and energy impacts through electrification and grid integra-
tion that could be used alongside energy or carbon metrics. While a jurisdiction could use an elec-
trification or grid integration metric on its own, these metrics are not in use by any current BPS
policy and may not be applicable broadly today.

2.3.1 Metrics Used in Existing BPS

Jurisdictions with BPS have adopted metrics that measure a building’s energy consumption or
carbon emissions. Energy metrics as a general rule establish a maximum energy use per floor area
(the EUI), which is usually under the direct control of the building owner and occupants. Of all
potential metrics, energy is the one that building owners and operators can most directly influence
without needing to take into account other factors outside their control. Also, energy use informa-
tion is generally readily available through benchmarking data and energy bills. Energy metrics can
be presented as “site” energy or “source” energy. Site energy measures the actual energy consumed
on the building site, measured by the building electric, gas, and other energy type meters, while
source energy includes all production and delivery losses that are required to produce the energy
that is delivered to the building.

On the other hand, where the focus is on using the policy as a tool to reduce greenhouse gas
(GHG) emissions, a carbon-based metric is the most direct measurement of progress toward reduc-
ing building-sector emissions. Carbon metrics calculate a building’s emissions based on its energy
use, type of energy (electricity or fossil fuels), and source of electricity (grid or renewables).

The common metrics used in existing BPS are explained in the following subsections, along
with the effect of choosing each in meeting the carbon goals of a jurisdiction. Some of the informa-
tion in these explanations is adapted from the U.S. Environmental Protection Agency (EPA) guide
Understanding and Choosing Metrics for Building Performance Standards (EPA 2022b).

2.3.1.1 Site Energy Use Intensity (EUI)

Site EUI is the site energy divided by the gross square footage of the building. In cases where
the policy accounts for on-site renewable energy, this metric may be referred to as net site energy,
the site energy consumed minus the energy generated, divided by the gross square footage of the
building.

2.3.1.1.1  Numerator: Site Energy

Site energy is the amount of total energy consumed by a building. Site energy may be delivered
to a facility in one of two forms: 1) primary energy, or the raw fuel burned on site to create heat
and electricity (e.g., natural gas or fuel oil); or 2) secondary energy, or the energy product created
from a raw fuel, such as electricity purchased from the grid or heat received from a district steam
system. Site energy as a metric combines units of primary energy and units of secondary energy
consumed at the site and therefore does not account for losses in generation and transmission/dis-
tribution of the secondary energy.

2.3.1.1.2  Impacts, Implications, and Considerations

Site energy is the most familiar form of energy consumption for building stakeholders and best
reflects what owners can directly control and are responsible for, increasing the ability of the build-
ing owner and operator to control the outcome of the energy savings. Site EUI is a direct indication

14

© 2023 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Building Performance Standards: A Technical Resource Guide

of energy efficiency that is easy to obtain and requires no interpretation: it is directly available
from utility bills. Additionally, site energy can be a signal for efficient electrification since heat
pumps and electric systems tend to have higher equipment efficiency than fossil-fuel systems and
may indirectly assist with grid decarbonization by reducing overall building loads.

While site
energy may be
relatively easy to
measure, under-
stand, and con-
trol, it is not a
direct measure-
ment of GHG
emissions.  Site
EUI lets owners
and  operators
ignore the meth-
ods of energy
production  in
their region and
may not drive
sector-wide de-
carbonization.

PRMS
-

There  are O ee—
lb/MWh
wide  variations 0 625 835 969 1.15k /

across the U.S.
for the GHG
emission rates in
energy produc-
tion, as shown in
Figure 2.1 for different regions, as measured through the EPA Emissions & Generation Resource
Integrated Database (eGRID) data explorer (EPA 2022a).

Where a net metric is used, reviewing site EUI at the building scale on an annual basis may
appear to be driving grid decarbonization, but on a time-of-use basis and at a utility scale this may
result in increased carbon emissions due to the need for and use of peaker plants to meet peak
demands that often occur when on-site renewable generation lessens.

Site energy can additionally become more complicated if jurisdictions look at using a net site
energy metric, because the calculation will by definition need to account for on-site generation.
The use of a net metric may obscure the efficiency of the building, which is critical to achieving
overall carbon goals. In fact, it can result in inefficient buildings complying with the BPS due to a
high amount of renewable generation, especially where off-site procurement is included in the net
energy calculation. It may also result in significant inequity in the policy, as not all building own-
ers have the same ability to install new renewable energy systems.

2.3.1.2 ENERGY STAR Score

ENERGY STAR score is a standard for evaluating the performance of commercial buildings
(EPA 2021b). The U.S. Environmental Protection Agency ENERGY STAR score is a 1-100 scale-
based ranking based on a statistical analysis of national, representative data sets of whole-building
energy use and operational characteristics.

Figure 2.1 CO, total output emission rate by eGRID subregion, 2020.

(Image credit: EPA 2022a)
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2.3.1.2.1 Relative Performance and Regression Analysis

Unlike the other metrics used in existing BPS, ENERGY STAR score does not fit the simple
numerator/denominator framework. Instead, it uses multiple data points for calculation. It is based
on a source EUI per square foot per year metric, normalized to a simplified 1-100 score based on
regression formulas developed for the ENERGY STAR program.

2.3.1.2.2 Impacts, Implications, and Considerations

ENERGY STAR score is a way to evaluate the energy performance of one building against
that of another (EPA 2021b). A building score lets the owner know where that building stands in
comparison to similar buildings across the United States. For example, a score of 65 means the
building is outperforming 65% of its peers. ENERGY STAR score is not available for all building
types, but has been updated to cover more types over time and as additional data are available to
set the scores. Building owners use ENERGY STAR score because the system has made it easy for
them to compare buildings within their own portfolio or region and to quantify the impact of
improvements.

ENERGY STAR score assesses how a building is performing as a whole, considering opera-
tional conditions required for the activities within the building, including its physical attributes, its
operations, and how the occupants use it. The score normalizes for operational characteristics
unique to different building types, such as hours of operation (different energy needs for a 40-hour-
per-week operation versus one open 24/7), density of workers, presence of commercial refrigera-
tion equipment, etc. The score also uses information about the building that owners or operators
enter into the ENERGY STAR® Portfolio Manager® (ESPM) to compare the actual energy use to
similar buildings. Calculations use source energy conversions, are weather normalized, and
account for key building details. Using ENERGY STAR score as the metric allows for built-in nor-
malization of raw EUI for a variety of factors that ENERGY STAR has determined to be the most
important to distinguishing relative energy efficiency.

While ENERGY STAR score is based on source EUI, it uses national factors for electric and
district energy grid mixes. Where local factors for these two energy sources differ significantly
from the national average, the use of ENERGY STAR score may not drive the desired carbon
reduction. Built into ENERGY STAR score are a variety of normalization factors, including floor
area, occupant density, occupancy schedule, number of units, and number of bedrooms (depending
on building type). Because the score compares a building to its peers, it does not represent a fixed
threshold of a high-performance building in absolute terms. Where any given occupancy type is
slow to change, over time the score may be relatively flat.

Because ENERGY STAR score is based on source energy, site-to-source conversion factors are
updated periodically. The regression models used to calculate the scores are also updated when new
data become available, typically every 5 to 10 years. As a result, a building’s score can change when
these factors and models are updated, which can present challenges in setting long-term goals.

Finally, ENERGY STAR score is not available for every building type. For jurisdictions with
large cohorts of buildings not covered by an ENERGY STAR score, there may be a need to select
two metrics. This has been done previously, but it may not provide the best solution for an adopt-
ing jurisdiction.

2.3.1.3 Source Energy Use Intensity (EUI)
Source EUI is the source energy divided by the gross floor area of the building.
2.3.1.31  Numerator: Source Energy

Source energy is the amount of raw energy needed to produce the energy consumed in a build-
ing, including losses in the generation, transmission, and distribution of all energy resources.
Buildings use various types of energy for different systems. While all buildings use electricity for
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things like lighting and plugs, sources of space and water heating vary and can include electricity,
natural gas, fuel oil, district steam, and others. Energy is delivered to buildings as 1) primary
energy (fuel combusted to generate heat and/or electricity—for example, natural gas or fuel oil) or
2) secondary energy (energy created from a primary energy source—for example, electricity).
When used as a measure of building performance, source energy combines each energy type to
present it as one unit. To do this, source energy accounts for all energy back to the primary
energy source and takes into account all losses from generation to transmission (EPA 2020).

2.3.1.3.2 Impacts, Implications, and Considerations

Conversion of site energy to source energy enables comparison of total energy sector footprint
among buildings. Because electricity requires energy to be generated and transmitted, often multi-
ples of the amount consumed on site, looking at electricity consumption through a site EUI lens
only will make electricity seem to be a lower percentage of total energy consumption.

Source energy may provide an opportunity to tailor BPS to the regional conditions of current
and future projected generation in addition to the fuels consumed on site. Where a higher percent-
age of electricity generation is from renewable sources, regions would have lower electricity
source factors. Where generation is still driven by coal and other high-carbon-intensity fuels,
regions would have higher electricity source factors. These source factors directly affect the impact
of electrification at the building level.

Where jurisdictions opt to use source energy, they will need to select a conversion factor to
convert site electricity consumption to source energy. This factor can be national, regional, or
local. The differences between the three may be large depending on how electricity is generated
within each boundary (Deru and Torcellini 2007). For jurisdictions using the ESPM to provide the
source EUI calculation and conversion, the source conversion factor is limited to a national aver-
age. While other sources for conversion exist—such as Table 701.5.2 (Table 7.5.2), Source Energy
Conversion Factors and CO,e Emissions Factors, from Infernational Green Construction Code
(ICC 2021b), which presents electricity site-to-source conversion factors by eGRID subregion—
an implementing jurisdiction would have to track and analyze the factors and engage with utility
stakeholders for each target-setting cycle. For city-level applications, the eGRID subregion factors
may be quite different from more localized factors.

A major complication in choosing source energy is that building owners generally control the
energy consumed within a building but do not control the entire source energy profile of their
buildings. Where local or regional emissions conversion factors are used, it may be difficult for
owners with buildings in multiple cities and states to use this metric across their building portfolio,
as reporting for the local BPS may differ from other corporate emissions reporting based on other
protocols. Where building owners and facilities procure their energy from a non-utility source, the
emissions associated with the generation of this energy may be better or worse than the conversion
factor selected for enforcement. By using a conversion factor based on the source of this energy, it
may incentivize building owners who procure their energy from a non-utility provider to look at
purchasing cleaner energy, as long as such procurements could be accounted for in the reporting of
performance.

In regions or jurisdictions currently heavily reliant on fossil fuel electricity generation, or in
those with high transmission loss, a source energy metric may discourage electrification in the near
term in favor of high-efficiency natural gas systems. As such, using source energy as the metric
can discourage fuel switching to electricity and reward efficient gas equipment such as on-site
cogeneration of electricity and heat. This same grid may experience variability in the site-to-source
energy ratio over time, by either a cleaning of the grid energy generation or a reduction in trans-
mission loss, or both. This variability will make it more difficult to set long-term targets for a
source energy metric because it creates a moving target for building owners.
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Though building owners are in direct control of the types of energy sources used in their build-
ings, replacing a fuel source (e.g., converting from gas to electricity) for major equipment is not a
small or inexpensive undertaking. BPS are intended to drive owners to act on renovations, replace-
ments, and retrofits, but metric selection should consider the potential impact on buildings and sys-
tems that may be unable to switch from a delivered fuel system or may be incentivized in the near
term to replace those systems with utility gas.

2.3.1.4 Greenhouse Gas Intensity (GHGI)

Greenhouse gas intensity (GHGI) is the total GHG emissions divided by the building square
footage.

2.3.1.41 Numerator: GHG Emissions

GHG emissions are a total accounting of emissions from the generation of energy types
including electricity, district heating and cooling, cogeneration, and burning of fossil fuels on site.
They are calculated through a methodology prescribed by the adopting authority, using local emis-
sions conversion factors. All BPS adopted to date only regulate emissions from operational energy
use and not embodied carbon in building materials.

2.3.14.2 Impacts, Implications, and Considerations

GHGI is the most direct metric when trying to tie the BPS to a GHG reduction goal. GHG is a
powerful metric when considering the local impact of energy generation and the co-benefits of reduc-
ing local emissions, such as impact on public health, a consideration that is important for jurisdic-
tions with high carbon and dirtier generation that compromises local air quality. Because reducing
total emissions is an important climate impact goal, this metric can be in line with policy goals of
GHG reduction if emissions conversion factors are forecast appropriately.

However, use of a GHG metric may be problematic in BPS, primarily because building owners
generally do not control the entire emissions profile of their buildings. Building owners and occu-
pants can regulate how much energy is used and what type of energy is used, and owners can
increase their ownership of renewable power or RECs, but owners and occupants are not in a posi-
tion to control the emissions factors associated with electricity generation because buildings are,
for the most part, stationary. By using a GHG metric, a jurisdiction may be making building own-
ers responsible for GHG emissions reductions that should be required of the utilities. While this
issue is somewhat addressed by prescribing emissions conversion factors, the local or state govern-
ment establishing the BPS may not have total control of the emissions profiles of buildings within
its borders, as the GHG intensity of grid-supplied electricity could be influenced by decisions at
the state and federal levels.

This metric is more difficult for building owners to understand compared to a metric like site
EUI, where a building owner can look at the utility bill, because GHG metrics must be calculated
using emissions conversion factors, which may or may not be known to building owners in
advance, thus influencing their decisions around energy use. Total GHG emissions can become
increasingly complex when buildings use sources beyond natural gas, fuel oil, and electricity.
Sources such as green power procurements or low-carbon fuels like hydrogen will add
complexity due to the fact that establishing emissions factors for these is not simple. To reduce
complexity, a jurisdiction could set the electrical carbon emission multiplier by year or by
compliance period in advance. This would ignore true grid emissions if set over a five-to-six-year
compliance period but would significantly reduce complexity and compliance concerns.

There are many issues to consider when deciding how to convert energy use into GHG emis-
sions. It can be reasonably straightforward for many fuels, but for electricity and district energy
systems, the jurisdiction must decide whether to include transmission and distribution losses and
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how often to calculate the emissions conversion factor (annually or less often), along with a variety
of other potential complications.

A GHG metric may lead to a problematic loading order of efficiency, electrification, and
renewable energy generation. An inefficient building could achieve a low total GHGI score
through the purchase of RECs to avoid most or all of the emissions from its electricity use. While
market forces may hypothesize this would not happen, such a building would have a GHG emis-
sions performance score that would obscure the inefficiency of the building due to the contribution
of renewable energy. Where RECs are allowed for compliance, jurisdictions should carefully con-
sider how RECs are accounted for to encourage the desired behavior, including where the RECs
are generated, how they are retired, and if they are allowed one-for-one with energy efficiency.

Also of concern is an inefficient all-electric building on an increasingly renewable grid. In this
scenario, the grid cleaning may do all of the work to achieve the BPS target, leaving the owner with
no incentive to take steps to make their buildings more efficient. An undesirable result of using
only GHG metrics is that stakeholders may be tempted to electrify buildings as they are and avoid
capitally intensive load-reduction measures like envelope improvements due to their lower finan-
cial performance. A stock of inefficient electric buildings on a renewable grid will create increas-
ing concerns for grid reliability and may require that grid infrastructure be built out more than
would otherwise be necessary. Overlooking this efficiency pitfall could drive up electricity rates
more than necessary, which is a critical issue in cities that have a disproportionate energy burden.

When electricity is increasingly generated from renewable energy sources, building electrifica-
tion should correlate with a higher score on a GHG metric. Where the grid electricity has no near-
term requirements to shift to clean or renewable energy sources, building electrification may be
discouraged with the use of a GHG metric, leaving many owners to continue to select natural gas
for heating and cooking loads. On the other hand, most owners have opportunities to procure their
energy from lower-emitting sources through voluntary renewable energy source purchases. More-
over, requiring building owners to meet a GHG metric may create additional market pressure on
regulators and grid operators to change the proportion of renewable energy used for electricity
generation.

2.3.2 Other Potential Metrics

Beyond the energy and carbon metrics described in Section 2.3.1, jurisdictions also may con-
sider additional metrics that help drive policy goals. For example, if a jurisdiction is trying to move
buildings off fossil fuels and toward electrification, it may choose to use an electrification ratio or
grid integration metrics such as grid peak contribution, on-site renewable energy utilization, grid
carbon impact, or demand flexibility. Jurisdictions seeking to focus on energy affordability may
opt for grid integration metrics or energy cost. All of these other potential metrics are discussed in
the following subsections. None of these additional metrics have yet been adopted by any jurisdic-
tion with a BPS policy, though some are being studied by leading practitioners to address other
challenges with the primary metrics established for the BPS.

By adopting a grid integration metric, a jurisdiction is signaling its intention to consider the
impact of the decarbonization relationship between buildings and their energy supply (Miller and
Carbonnier 2020). No BPS established through December 2022 has adopted a grid integration
metric, though many acknowledge the importance of addressing grid integration, especially where
building electrification is a policy goal. Almost all of the metrics presented here are under the con-
trol of the building owner—though they may not be suitable for all jurisdictions, as many of the
grid integration metrics are complex due to the need for calculations. Application of these metrics
may be as primary or as secondary metric. While adding a second metric and target to a BPS pol-
icy may increase overall complexity, the right combination of metrics may be more impactful to
jurisdictional goals than any single metric could be. Application of grid integration metrics should
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take into account the complexity of calculating and reporting along with their contribution to and
impact on decarbonization.

2.3.2.1 Electrification Ratio

Electrification ratio is the amount of site energy electricity consumed by a building divided by
the total amount of site energy consumed from all sources, including utility fossil gas and electric-
ity, along with delivered fuels and on-site renewable generation. Where electrification is a stated
goal but the selected metric does not explicitly incentivize electrification retrofits, this metric can
be used in tandem with a primary metric to simultaneously drive energy reductions and electrifica-
tion explicitly. This metric may support other co-benefits such as improved health and indoor envi-
ronmental quality. Without careful analysis for target setting, however, this metric could
unintentionally discourage improvements in electric efficiency. For example, a lighting retrofit
would reduce the contribution of electricity to total energy.

Electrification ratio as a concept may also be adapted and presented as percent site electricity
or direct site emissions. All versions of this metric focus on how much of the building energy is
electrified.

2.3.2.2 Grid Peak Contribution

Grid peak contribution is the degree to which building demand contributes to load on the grid
during system peak hours. Though the metric output appears simple (kW/ft?), the calculation of
the metric can present challenges. Where there is concern about electrification contributing to
either dirtier overall generation or infrastructure capacity to meet peak demands, this metric can be
combined with others to consider the building as part of the interconnected system that allows for
decarbonization.

This metric would serve well where a jurisdiction is seeking to drive an intentional focus on
reducing peak grid demand and therefore reduce carbon associated with electric generation from
that type of demand spike. (This issue of building and grid integration will be covered in detail in
the forthcoming TFBD book Grid-Interactive Buildings for Decarbonization: Design and Opera-
tion Resource Guide.) This metric will be critical to jurisdictions emphasizing electrification, as it
may help to address concerns about the grid’s ability to supply the electricity needed at peak times
by actively reducing those peaks. Where combined with electrification and site energy metrics,
grid peak contribution can support a holistic view of building sector decarbonization (Miller and
Carbonnier 2020).

To illustrate what this would look like for a single region, Figure 2.2 identifies in red the top
5% of hours with the highest peak demand for the independent system operator (ISO) northeast
grid region in 2017. To calculate a grid peak contribution metric, only those hours with the highest
demand would be used (Miller and Carbonnier 2020).

Grid peak contribution metrics should be carefully considered for their impact on buildings
that house vulnerable populations. For certain types of housing or assisted living facilities, the grid
peak coincidence with very hot or very cold exterior conditions may not be as simple as adjusting
thermostatic set points. Buildings used as community cooling or heating centers, which operate to
support communities that may not have access to the necessary heating or cooling during extreme
weather events, may need to be treated differently under this metric.

2.3.2.3 0n-Site Renewable Energy Utilization

On-site renewable energy utilization is the ability of a building to consume the energy gen-
erated on its own site. To do this, the metric compares a building’s energy demand profile to its
on-site energy generation. Where the generation exceeds demand, that energy is exported.
Exported energy is then compared to annual generation. A higher on-site renewable energy utiliza-
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tion indicates that the building can consume more of its own generated energy (Miller and Carbon-
nier 2020).

Where there is concern about a potential disruption to grid infrastructure from an increase in
distributed solar or other energy generation, this metric can be combined with others to consider
the building as part of the interconnected system that allows for both on-site resilience and decar-
bonization. This metric can be important to encouraging on-site resilience, resolving concerns of
utility infrastructure that may not have the capacity to deal with two-way energy flows, or reducing
the impact of demand changes associated with renewable generation and demand curves, along
with similar impacts of high-to-low renewable generation on grid operators and utility regulators.
On-site renewable energy utilization contributes to increased grid stability by not requiring power
plants to turn on and off, which can create instability, increase cost, and require dirtier fuels from
peaker plants that only run limited hours per year during the times of greatest electric system peak.

On-site renewable energy utilization as a metric presupposes that the majority of buildings
complying with a BPS policy have on-site renewable energy. Therefore, this metric may not
achieve its intended goals where installation of on-site renewables is less common. Where a juris-
diction has some distributed on-site renewable energy generation, understanding what types of
buildings would be impacted is critical. While imposing an additional metric on office buildings
may not be considered burdensome, if most of the on-site renewable energy generation is focused
on affordable housing, the policy design may create undue hardship for complexity of reporting
from those owners. Buildings with no on-site renewable energy generation may need significant
capital to install a new on-site renewable energy generation system, and urban areas with limited
ability to generate on-site renewable energy may always result in high utilization.

2.3.2.4  Grid Carbon Impact

Grid carbon impact measures a building’s hourly carbon impact by multiplying the build-
ing’s hourly net demand and the marginal carbon on the grid over each of the 8760 hours of the
year. The sole focus of this metric is decarbonization. Where electrification as a decarbonization
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strategy is in place, this metric would provide the equivalent grid consideration—asking build-
ings to focus on use of grid electricity when that energy is being produced at its cleanest (Miller
and Carbonnier 2020).

The two data sets that create this metric have different units—the building’s net demand pro-
file is measured in kilowatts, and marginal carbon is measured in pounds of CO, per kilowatt-
hour—making this metric particularly complex compared to other grid integration measures. Mar-
ginal carbon means the greenhouse gas emission intensities of the marginal generation (the last
generators needed to meet demand). Marginal carbon varies across time and location and is con-
stantly fluctuating as demand shifts. This may also be referred to as the marginal operating emis-
sions rate (MOER) for that time and place. Adding to the complexity, many buildings and utilities
are not accustomed to obtaining and providing information at an hourly level.

The grid carbon impact metric can be useful where a jurisdiction is seeking to have an inten-
tional focus on grid decarbonization. Carbon impact may be used to encourage on-site energy pro-
duction and storage, which would help reduce the impact of demand changes associated with the
duck curve or similar impacts of high-to-low renewable generation on grid operators and utility
regulators. These types of events require dirtier fuels from peaker plants, which would directly
influence the scores associated with the grid carbon impact metric. Implementation of a metric like
this would require a decision during policy design to use calculated impact, relying on data from
an automated source such as a Green Button API connection (GBA n.d.) or similar source to drive
investment on the utility side to deliver carbon signals, the capability to understand current and
future emissions profiles, and likely new rate structures to test the infrastructure and building inte-
gration before being a core piece of a regulatory policy.

2.3.2.5 Demand Flexibility

Demand flexibility (DF) measures a building’s ability to shed load over a specified period of
time. The DF event time period may be chosen by the implementing jurisdiction. Typical periods
that may be required for the measurement of this metric are 1 hour (short term) to 4 hours (long
term). This range of DF event periods has been identified as optimal for balancing how building
owners can respond to demand response signals with the carbon benefit of load shifting (Carmi-
chael et al. 2021).

This metric is focused on the building’s ability to interact with the grid more directly. Demand
flexibility should be capable of being activated by an automated signal from a utility or third-party
service provider. A building’s ability to respond to this type of signal fully integrates the building
with the grid infrastructure and creates a system by which buildings can be responsible for reduc-
tion of peak and needs of utilities adapt to changing conditions of cost, carbon, and climate impact.
Different building typologies may be able to shed increasing amounts, and jurisdictions should
consider using this metric to increase the target stringency over time to increase a building’s load-
shedding capability.

This metric requires the activation of a demand response signal from a utility or third party.
Where no demand response signal is sent in a year, this metric cannot be used for compliance with
BPS. For this reason alone, this metric should be considered as a secondary metric rather than a
primary metric. Buildings that are not currently equipped to accept demand signals would require
controls and systems to be upgraded to implement this metric. This metric is important to ensure
that buildings are integrated with the ability of the grid to respond to price or carbon signals and
can help buildings reduce their overall costs by placing them in a lower demand charge category. It
can equally aid in carbon reduction by asking for load reduction to prevent the need for dirtier
peaker plant electric generation.
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2.3.26 Energy Cost

Energy cost is the measured value of energy delivered to a building to serve its functional
needs. Energy cost is considered the total value of energy purchased to operate the building as
reflected in utility bills. Energy cost ignores the type of energy delivered to the building and
accounts only for the cost of that energy. Cost may or may not include fees associated with the
connection to the utility-supplied energy source.

Energy cost is directly related to the building owner’s and operator’s primary considerations,
making it a relatively easily understood metric for most stakeholders. Additionally, it is a common
metric used in energy codes and energy modeling for code and new construction certification pro-
grams such as Leadership in Energy and Environmental Design® (LEED®) Green Building Rating
System (USGBC 2022).

As a metric, energy cost prioritizes cheaper fuel over efficiency in BPS implementation. Cur-
rently, natural gas is less expensive than electricity in most locations in the United States, even in
areas where the electric grid may be less carbon intensive than natural gas consumption on site.
Because of this, energy cost could be categorized as a metric that disincentivizes electrification.
Jurisdictions should consider the impact of energy cost as a metric where it may be inversely
related to GHG emissions reductions.

Conversely, for areas where delivered fuels are still common in older buildings, either for pri-
mary or backup heating, the typically higher cost of these fuels may be an immediate penalty on
owners that are less able to convert those systems to a utility-delivered energy source such as gas
or electricity. Energy cost as a metric incentivizes switching those fuels, but supportive programs
may be needed to aid in the cost of retrofits.

As the cost of energy varies over time, both long term and short term, volatility in the energy
market due to natural disasters, political instability, or other disruptions may have an outsized and
unpredictable influence on actual energy costs. This variability makes setting targets for energy
cost increasingly complex, even in the near term. Jurisdictions taking on cost as a metric will also
need to factor in the impact of time-of-use rates and how on-site renewable energy generation is
accounted for within the metric or reporting. For these reasons, energy cost as a metric is unlikely
to be successful in achieving either energy use or GHG reductions.

2.3.3 Summary of Metrics

Figure 2.3 summarizes the different metrics, comparing the metric’s degree of complexity,
amount of occupant and building owner control, and ability to favor electrification.

2.4 Non-Energy and Non-Carbon Metrics for BPS

The metrics presented in this chapter are for use by jurisdictions developing BPS to reduce
energy use or carbon emissions from existing buildings. Other metrics being explored in jurisdic-
tions include those addressing equity, affordability, health, water, and resilience, among others.

When establishing a BPS policy, it is important to ensure that its benefits (lower energy bur-
dens, healthier indoor air quality, etc.) accrue to building owners and tenants throughout the com-
munity, regardless of the metrics selected. Key elements of building performance that might be
considered include indoor environmental quality and health. Note that EPA has established mini-
mum performance criteria for indoor environmental quality for a building to qualify for an
ENERGY STAR building label, so in cases where ENERGY STAR has been established as the
metric or where the ESPM is designated as the reporting platform, these criteria might be included
in the BPS (EPA 2018).
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Energy Cost

Electrification Ratio
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Utilization

Grid Carbon Impact

Demand Flexibility

Figure 2.3 Metric summary.

Another metric that has been discussed is water efficiency or performance. For water effi-
ciency, some buildings track water consumption normalized to specific metrics, i.e., floor area
or apartment unit, though benchmarking of water performance is not as advanced as energy
benchmarking and disclosure.
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This chapter describes how to set specific performance targets for the BPS metrics discussed
in Chapter 2. A BPS performance target denotes a specific level of performance that a building
must meet to comply with the policy. For example, a BPS policy that uses greenhouse gas intensity
(GHGI) as a metric may set a performance target of 8.5 kilograms of carbon dioxide equivalent per
square foot per year (kg COze/ftz/yr) for office buildings. Office buildings reporting at or below
8.5kg COze/ftz/yr would be in compliance, whereas office buildings reporting above 8.5 kg CO,e/
ﬂz/yr would not. Performance targets in BPS may vary by building type, size, or other parameters,
and may also vary over time. Figure 3.1 shows an excerpt of some Washington, D.C., BPS targets
as an example.

This chapter describes various approaches and factors for setting BPS performance targets. For
brevity, performance targets are generally referred to simply as targets in the rest of this chapter.

3.1 Scope of Performance Targets

The scope of a BPS policy defines the buildings that are covered by the standard. The process
of developing the scope of a BPS policy should be informed not only by the objectives of the juris-
diction but also by specific considerations for target-setting that ensure an achievable performance
target can be established for each covered building. The two primary factors to consider when
establishing the scope of the BPS are the types of buildings that will be included and the size
threshold above which buildings will be required to comply with the standard. The types and sizes
of buildings included in BPS will have different impacts on the policy’s ability to make progress
toward a jurisdiction’s goals. Including a larger variety of building types and reducing the building
size threshold will increase the total number of buildings covered.

The following subsection discusses additional considerations for the selection of building
types and sizes to include in the BPS scope as well as how other building characteristics may affect
scope development.

3.1.1 Building Type

The building type is defined as a building’s use category. These categories can be high level,
such as office, multifamily, hotel, healthcare, etc., or can be further divided into subcategories
based on the specific activities conducted at a building (e.g., a medical office). Building perfor-
mance standards in the United States are typically geared primarily toward commercial and multi-
family residential buildings, and generally exclude single-family homes. When selecting the types
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of buildings to be included in the BPS, jurisdictions should determine whether including a particu-
lar building type will have a significant impact on achieving the goals of the BPS and whether
there are significant equity, cost, or other societal implications associated with that selection.

3.1.1.1 Building Type Categorization

There are two primary methods to categorize a building: 1) use of occupancy classifications as
dictated by local regulations and building codes, and 2) methods described in published sources.

Examples of build-

ing Categories il’l pUb- 2021 Building Energy Performance Standard
. . Property Type = oy
lished sources include ENERGY STAR Score Source EUI
. Adult Education 110.4
Section 302 of the Inter- Ambulatory Surgical Center 426.9
national Building Code ‘iq“m“:l e 3‘4’?
L. Automobile Dealership- :
(ICC 2021a); the princi- Bank Branch 71 1537
pal and subcategory | {ZaTiehchd - 2L
building activities in the Bowling Alley 2066
. 1.1 Casino 2402
Commercial  Buildings T e
Energy Consumpti()n Convenience Store with Gas Station 502.6
Convenience Store without Gas Station 592.6
Survey (CBECS’ EIA Convention Center 192
2022); the building area Contticdte u 1537
. Data Center 50 1.8 Total Energy kBtu/IT
types in standards such Energy kBtu
Distribution Center 19 103.7
as ANSI/ ASHRAE/ IES Drinking Water Treatment & Distribution 5.9 kBtu/gallons per day
Standards 90.1 and 100 Enclosed Mall 170.7
Energy/Power Station 2204
(ASHRAE 2022> 2018b) Fast Food Restaurant 886.4
and ANSI/ASHRAE/ Financial Office 71 153.7
Fire Station 1855
ICC/USGBC/IES Stan- Fitness Center/Health Club/Gym 206.6
dard 189.1 as included in | | Z2¢52e el
the International Green Hospital (General Medical & Surgical) 50 4269
. Hotel 54 183.9
Construction Code (ICC —=
Ice/Curling Rink 206.6
2021b); and the property Indoor Arena 2402
. K-12 School 36 139
types in the ENERGY Tabonios 3182
STAR® Portfolio Man- |[Lies 2
ifestyle Center ;
ager® (ESPM; EPA n.d.). Mailing Center/Post Office 2426
LN L Medical Office 62 172
If a ]urlsQ1ct10n has pre- Mixed Use Property 2294
VlOllSly 1mp1emented a Movie Theater 240.2
t izati thod i Multifamily Housing 66 110.7
categorization method 1n Miseid 3402
existing benchrnarking or Non-Refrigerated Warehouse 19 103.7
.. .. Office 71 153.7
other similar policies,

continuing to use that

Figure 3.1 Excerpt of BPS Cycle 1 targets for Washington, D.C.
Note that the targets are in ENERGY STAR score (where applica-

method for the categori-
zations in the BPS where
possible will help facili-
tate alignment among all
policies that affect exist-
ing buildings and ensure that building owners and other stakeholders fully understand how their
buildings are categorized and what targets they are expected to meet. Alignment in building cate-
gorizations can also help increase the compatibility of data analysis and tracking tools that support
different energy efficiency policies and programs within the jurisdiction, including building energy
codes and utility programs.

ble) or source EUI (in kBtu/ft2/yr). (Image credit: DOEE n.d.)
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3.1.1.2 Building Type Granularity

Building type granularity refers to the number and specificity of building types (e.g., having
just one type, “Retail,” for all retail buildings vs. having multiple types such as “Strip mall,” “Big
box retail,” etc.). The granularity of the building types to be included in the BPS scope should be
based primarily on the data available for target setting to ensure that each building included in the
scope has a performance target that is reasonable for its characteristics. Although using high-level
categories may ease the target-setting process, buildings with more specific activity types will have
to be included in one of the broader categories and may have performance targets that do not
entirely fit their uses. Conversely, using more detailed building categories will result in more spe-
cific targets for different building types but will require more effort in the target-setting and com-
pliance and implementation processes for the BPS.

When using benchmarking data as the basis for setting performance targets, the jurisdiction
should look at whether the BPS scope will cover building types beyond what the existing bench-
marking policy covers and whether it will be able to obtain sufficient data to set targets for any new
building types that are included. When using data from published sources to establish performance
targets, the building types that the proposed BPS can cover will be limited by the granularity
included in those sources. For example, ASHRAE/IES Standard 100 (ASHRAE 2018b) provides
site energy use targets (electricity and fossil fuel) for 53 building activity types across 17 climate
zones. Figure 3.2 shows an excerpt of the site EUI targets for different building types from the
standard, including multiple subcategories of offices. If using this standard for target setting, the
jurisdiction could adopt targets for either all or a subset of the building categories included in the
standard. Prior experience with target-setting analyses using data obtained from Standard 100, the
CBECS, and the ESPM suggests that more granular categories are preferable to simple high-level
categories because they provide the opportunity for more detailed target setting to differentiate
buildings.

EUIs by Building Type by Climate Zone (kBtu/ftz-yr)

ASHRAE Climate Zone

3B 3B
No. | Commercial Building Type | 1A |[2A |2B |3A | Coast | Other |3C |4A |[4B |4C |5A |5B |5C* |6A |6B |7 8

1 Admin/professional office 39 |40 |39 |42 |33 39 33 |46 |40 |40 |48 |42 (39 |54 |47 |58 |81
2 Bank/other financial 55 57 |56 |59 |46 55 47 |65 |56 |57 |68 |59 |56 |76 |67 |82 |115
3 Government office 49 |50 |49 |52 |41 48 42 |57 |49 |50 |60 |52 |49 |67 |59 |72 |101
4 Medical office 33 34 |33 35 28 33 28 |39 |34 |34 |41 |36 |33 |46 |40 |49 |69
(nondiagnostic)
5 Mixed-use office 45 |46 |45 |48 |38 45 39 |53 |46 |47 |56 |48 |45 |62 |55 |67 |94
6 Other office 38 |39 |38 |40 |32 37 32 |44 |38 |39 |47 |40 (38 (52 |46 |56 |78
7 Laboratory 178 | 176 | 171 | 175 | 147 165 159 | 194 | 173 | 179 [209 | 187 | 181 |232 |211 |249 |331
8 Distribution/shipping center | 12 16 16 |20 11 18 14 |27 |23 |22 |36 |30 |24 |49 |40 |60 |113
9 Nonrefrigerated warehouse 6 8 8 10 5 9 7 13 11 11 17 14 12 |24 19 |29 |54
10 | Convenience store 135 | 146 | 135 | 152 | 127 139 141 | 166 | 150 | 157 [178 | 162 | 167 |193 | 179 |208 |263
11 | Convenience store with gas 108 | 118 | 109 | 122 | 102 112 114 | 133 | 121 | 126 |144 | 130 | 135 | 156 | 144 | 168 | 212
12 | Grocery/food market 112|122 | 113 | 127 | 106 116 118 | 138 | 125 | 131 [149 | 135 | 139 | 161 | 149 |174 | 219
13 | Other food sales 34 |37 |34 |38 |32 35 36 |42 |38 |40 |45 |41 |42 (49 |45 |53 |66

Figure 3.2 Excerpt of Table 7.2a from ASHRAE/IES Standard 100 showing targets by build-

ing type. (Image credit: ASHRAE 2018; reprinted with permission)
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3.1.1.3 Specialized Energy End Uses

Any jurisdiction’s building stock is likely to include buildings with specialized energy end
uses that can affect that building’s ability to meet BPS performance targets. Examples include
energy-intensive buildings such as power and district energy generation facilities, industrial facili-
ties, and communications infrastructure, among others. These specialized energy end uses may
also be present in portions of buildings that otherwise fit in more standard building categories,
such as data centers housed within office buildings, communications equipment in multifamily
buildings, swimming pools in schools, etc. The decision to include these buildings in the scope of
the BPS will depend on whether the jurisdiction is able to establish performance targets for these
building types and on the effect that including them will have on meeting the jurisdiction’s policy
objectives. If targets cannot be established, the jurisdiction has a few options to address the perfor-
mance of these types of buildings:

* Meter the specialized end use to exclude it from the overall building performance. In
cases where a smaller portion of a building has a specialized end use but the building can be
otherwise categorized, the jurisdiction could consider requesting that building owners sepa-
rately meter the specialized end use to exclude it from the building’s overall performance.
The building would still be required to meet the performance target that corresponds to its
type. A less-costly version of this option would be to allow an estimate based on one-time
measurements or calculations.

* Exclude the buildings from meeting the BPS but require them to pursue an alternative
compliance path. Alternative compliance paths can include requiring buildings to imple-
ment a prescribed set of energy conservation measures (ECMs), conduct energy audits, cre-
ate implementation plans, or demonstrate a percentage reduction from their current baseline,
among others.

* Provide an allowance for specialized end uses. The allowance would be added to the base
energy or greenhouse gas (GHG) target amount.

* Exclude the buildings from the BPS entirely. This may be the simplest approach, but it
can also result in lost savings opportunities and be detrimental to the jurisdiction’s objec-
tives. Furthermore, it may become a loophole for buildings to be excluded from BPS.

3.1.2 Building Size Threshold

The building size threshold in the context of BPS refers to the minimum floor area of the
buildings to be included in the scope of the standard at each compliance period, i.e., the date by
which buildings need to meet the target. As with building type, the building size threshold selected
for the BPS scope should be informed first and foremost by the jurisdiction’s goals for the BPS.
Although several of the existing BPS policies that have been adopted focus on buildings that are
50,000 ft or larger, with the rationale that regulating the largest buildings has the most impact
while affecting a relatively small number of buildings, there is no specific threshold that is guaran-
teed to work for every jurisdiction. Limiting covered buildings to those with larger individual floor
areas may not include as much of the built area within a city as expected. The threshold for Wash-
ington, D.C., is 10,000 ft2 and the state of Maryland set it at 35,000 fi2.

The best approach to selecting the appropriate size threshold for a BPS policy is to conduct a
comprehensive analysis of the jurisdiction’s building stock, ideally using data collected through a
benchmarking or other similar policy, to understand 1) the distribution of building sizes for differ-
ent building types that will be covered by the BPS and 2) how selecting different building size
thresholds influences the outcomes of the standard. Figure 3.3 shows the emissions impacts of
including different size categories for Seattle’s potential BPS (Walter and Mathew 2021).
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building stock
vary significantly
and that selecting a single building size threshold will not provide sufficient coverage for all
building types. For example, office buildings may be larger on average than multifamily
buildings or schools, so selecting a larger building size threshold may exclude smaller build-
ing types from the BPS. In addition, buildings of different sizes or focused on different tar-
get categories (e.g., large vs. small offices, market-rate vs. affordable multifamily) may have
different levels of financial and technical resources to implement BPS, so jurisdictions
should consider the potential equity implications of the size threshold selected. By analyz-
ing the distribution of building sizes by building type, a jurisdiction can better understand
whether selecting a specific building size threshold will be sufficient to achieve the desired
outcomes of the BPS.

* Should the size threshold be adjusted over time? Selecting larger building size thresholds
for the first few compliance periods of a BPS policy (thus likely reducing the number of
buildings that have to comply) and progressively reducing the thresholds over time may give
building owners and the jurisdiction’s enforcement body the opportunity to adjust to the pol-
icy and develop the capacity to administer it to a larger number of buildings. It may also
give time to implement companion policies and ensure that financing mechanisms are fur-
ther developed to help smaller buildings comply with the standard. Jurisdictions should ana-
lyze the impacts of timing on the cumulative emissions over the time frame of the BPS.

3.1.3 Building Ownership

Building ownership refers to the entity that owns and operates the building, such as public
institutions and private building owners. Examples of public institutions include the city, state, and
federal government or related agencies; transportation services; and public schools, colleges, and
universities. Examples of private building owners include private corporations, condominiums,
cooperatives, and individuals, among others. The jurisdiction should decide whether the BPS
should cover all or only a subset of these building ownership types and whether all these building

31

© 2023 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Chapter 3  Establishing Performance Targets

types should comply with the standard at the same time. An example of how this decision may
impact a BPS scope is that a jurisdiction may choose to “lead by example” and opt to have build-
ings that are owned or occupied by local government agencies meet a more stringent performance
target or be required to comply in a more compressed timeline than privately owned buildings. In
addition, a jurisdiction may need to exclude buildings owned or operated by government entities
outside of their control (e.g., federal buildings, which are covered by performance policies at the
federal level).

Buildings with leased spaces (e.g., multifamily rental buildings, tenanted offices, and retail
buildings) present a more complex situation in that the building owners have varying degrees of
control over the energy use of leased spaces. Jurisdictions should contemplate including appropri-
ate provisions in the BPS to ensure that building owners can work cooperatively with tenants to
assess whole-building performance and take action to meet the BPS requirements.

3.1.4 BPS Scope—Examples in Practice

Table 3.1. provides examples of scope components found in existing BPS policies.

3.2 Approaches for Setting Performance Targets

Setting technically and economically achievable BPS performance targets that are aligned with
a jurisdiction’s policy objectives requires careful analysis. The approach selected for target setting
varies depending on the access to data and technical expertise available to each jurisdiction. Sec-
tion 3.2.1 presents considerations applicable to all target-setting approaches, and Sections 3.2.2
to 3.2.5 present four approaches to setting targets (see Table 3.2 for the four approaches). In gen-
eral, it is highly preferable to set targets informed by benchmarking data (i.e., the first two
approaches in Table 3.2) because benchmarking data reflect the actual current performance of the

Table 3.1 BPS Scope Components and Examples from Existing Policies

Scope Component Examples from Existing BPS

Building type Common building types excluded from existing BPS include:
* Single-family homes
* Buildings known to be high energy users, such as industrial,
power generation, and transportation facilities (Boston, MA, and
Reno, NV)
* High-performance buildings or buildings with “green” certifications
(Chula Vista, CA, and Reno, NV)
Other BPS policies provide special provisions for affordable multifamily
buildings (New York, NY)

Building size threshold Building size thresholds in existing policies range from 10,000 2 for all
buildings (Washington, D.C., starting in the third period of compliance,
which begins in 2033) to 50,000 ft? for all buildings (St Louis, MO)

Some BPS differentiate building sizes by building type (Chula Vista, CA,
and Boston, MA) and others use a single building size regardless of
building type (New York, NY; Denver, CO; and St. Louis, MO)

Building ownership Some building ownership types excluded from existing BPS include:
» City, state, and federal buildings (St. Louis, MO; New York, NY;
and Chula Vista, CA) when covered by other policies
» Transportation buildings and schools (Chula Vista, CA)
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buildings; however, other approaches are available for jurisdictions that do not have access to that
data or cannot obtain it in a timely manner.

These target-setting approaches are not mutually exclusive. Jurisdictions may consider com-
bining multiple approaches to arrive at targets and validate that they are feasible and meet policy
goals. When selecting one or more approaches, jurisdictions should consider the access to exper-
tise. Most jurisdictions may not have the in-house expertise or staff resources to complete the anal-
yses needed to set appropriate targets. Such jurisdictions can create a committee of experts in
building science and other technical fields or hire a consultant team to select the appropriate target-
setting approach and develop the recommended targets. This can be done before or after the BPS
policy is adopted, depending on whether the jurisdiction has the flexibility to establish targets after
the policy’s adoption. Building owners and other stakeholders should be included in target-setting
discussions to address the economic feasibility of targets. In particular, jurisdictions should include
groups representing environmental justice, communities of color, and tenants’ rights to ensure that
the targets minimize negative impacts on underserved communities. Finally, it should be noted that
setting targets can be quite time consuming both technically and in terms of stakeholder buy-in,
and jurisdictions should allocate adequate time for this.

3.2.1 Considerations Applicable to all Approaches

3.2.1.1  Community Impacts of Target Setting

Community impact is important in target setting. For any approach, additional analyses and
community engagement should be completed to understand not only the energy or carbon savings
by sector and building typology but also how a certain target or set of targets may disproportion-
ately affect a geographic area, small business owners, affordable housing, or other historically dis-
enfranchised groups within the jurisdiction during a single compliance cycle or throughout the
BPS implementation. Some jurisdictions have explored ways to create less-stringent paths or
phase in BPS later for these communities. If a BPS policy can be paired with technical and finan-
cial support, it could set those buildings up for the greatest long-term reductions in cost, carbon,
and energy savings, creating both physical and financial community assets for historically under-
served populations. Note that in some cases these buildings may achieve an adequate return on
investment without additional financial incentives.

Table 3.2  Four Primary Approaches to Setting Targets

Approach Applicability
Targets derived from Highly applicable for jurisdictions that have energy benchmarking ordinances
benchmarking data providing measured energy performance data. GHG data can be derived

from energy data.

Targets derived from Jurisdictions with explicit quantitative building sector-level GHG or energy-
sector-level goals use targets.
Also requires benchmarking or other building energy performance data.

Targets based on Jurisdictions lacking building energy performance data.

published sources Jurisdictions desiring to base targets on published industry standards.
Targets derived from Jurisdictions lacking building energy performance data.

modeled performance Jurisdictions desiring more in-depth analyses of specific efficiency and

decarbonization technologies and strategies to meet targets.
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3.2.1.2  Mixed-Use Buildings

Mixed-use buildings are those that include more than one activity type and cannot easily be
classified into a single category. It is recommended that these types of buildings be included in the
BPS scope but that the jurisdiction consider adopting provisions for adjusting mixed-use building
performance targets if the buildings meet specific criteria. Jurisdictions primarily have two types
of approaches for assigning performance targets to mixed-use buildings, as adapted from
ASHRAE/IES Standard 100 (ASHRAE 2018b):

* Assign performance targets based on the building’s primary classification. This
approach can be used when a significant majority of the building can be classified under a
single category. Standard 100 allows this approach for buildings in which more than 75% of
the gross floor area has a unique building activity, but jurisdictions can opt to require a dif-
ferent gross floor area threshold. Assigning performance targets in this way can simplify the
process for building owners and regulators, but depending on a building’s activity mix may
not be fully representative of that building’s type.

* Allow targets to be calculated based on a weighted average of the targets for different
building categories. This approach can be used by any mixed-use building and requires that
performance targets be calculated using weighted averages of the targets for each building
type, based on floor area or other factor for each type. The weighting factor should match
the factor used for performance target development. For example, if targets for each build-
ing type are normalized by area, then an area-weighted average is recommended. An exam-
ple calculation of the total energy use intensity (EUI) target adapted from Standard 100
using gross floor area as one of the weighting factors is as follows:

EUL = (4 x S x EUL); + (4 x § x EUL), + ... + (4 x § x EUL), + ... + (4 x S x EUL),

where

EUJ, = total allowed EUI over the building

(4); = percentage of the gross floor area with a single building activity i
(EUIL); = building activity target for space i

(S); = operating shifts normalization factor for space i

(4xSxEUL); = weighted space EUI target for space i

This equation can be changed to represent any performance metric chosen by the jurisdic-
tion and any weighting factors.

The two options provided here are not mutually exclusive and can be included as options in the
BPS to allow building owners to select the best alternative for their buildings.

3.2.1.3 Vacant and Partially Vacant Buildings

It is likely that a portion of the buildings included in the BPS scope will be either completely or
partially vacant during one or more of the compliance periods. Jurisdictions have multiple options
for setting performance targets depending on whether a building is completely or partially vacant:

» Completely vacant buildings. In the case of completely vacant buildings, jurisdictions can
require the buildings to comply with the BPS during the appropriate period or exempt them
from compliance. If the buildings are required to comply, the jurisdiction should consider
whether the performance targets are to be based on the building’s pre-vacancy activity or its
future intended activity. Alternatively, the jurisdiction could treat vacant buildings as a sepa-
rate building type covered by the BPS with a separate set of performance targets.
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» Partially vacant buildings. Jurisdictions should consider whether vacant areas of an other-
wise occupied building are to be included in the building’s performance both when setting
and when meeting the performance target. For example, the jurisdiction can exclude par-
tially vacant areas up to a certain threshold and require that the remainder of the building
comply. Alternatively, if the jurisdiction sets targets for vacant buildings, the target for a par-
tially vacant building can be prorated accordingly.

3.2.1.4 Buildings with Shared Meters

When defining buildings covered by the scope of a BPS policy, the jurisdiction should deter-
mine how to account for buildings that share a single meter for any given fuel. One potential
approach is to treat the buildings as a single building for the purposes of complying with the BPS,
even if individually the buildings may not necessarily be covered by the scope due to exceptions
related to building type or size threshold. The jurisdiction could also create exceptions for certain
building types with combined meters (e.g., education campuses, hospital buildings) as needed.
Alternatively, buildings could have the option to submeter the energy use for each building and opt
to comply individually if applicable or if submetering would make it easier for individual buildings
to comply with the BPS.

3.2.1.5 Economics of BPS Targets, Investments, Fees, and Penalties

Moving buildings to a significantly lower energy signature than their baseline normally
requires investment. The economics of a building’s energy-related expenditures consist of the fol-
lowing:

* Annual energy costs in each year. Under normal conditions, annual energy costs vary from
year to year. Energy efficiency or alternate sourcing can reduce these costs. Purchased
energy is also subject to cost escalation over time; investors need to assume the rates at
which costs escalate.

* Investments for energy-savings-related products and services. Such investments include
the costs of alternate energy source procurement, energy auditing, design engineering,
equipment, products, construction or implementation, and project management.

* Fees and penalties. Fees and penalties for not complying with a BPS policy may be a com-
ponent of policy adoption or administration.

Depending on the magnitude of the fees for not investing in energy-saving measures to meet
BPS, owners may not have sufficient incentives to invest. Figure 3.4 is a basic illustration of cash
flows for two scenarios. Case 1 includes annual energy costs, no investment, and a fee. Case 2
includes energy investment, energy savings, and no fee. Using life-cycle cost analysis, a tool fre-
quently used in building energy assessments, these two cases have an identical net present value.
Case 1 takes much less effort than case 2, leading to the same financial outcome.

Owners may also be averse to energy savings investment because of the risks. Any building
owner investing in energy or emissions reductions assumes financial risk. A typical process
involves developing a series of ECMs, often as part of ASHRAE Level 1 or Level 2 energy audits
(ASHRAE 2018a). Funding these ECMs entails two types of risk:

* Cost risk. Costs of ECMs can be inaccurate or subject to escalation and contingency. The
estimates contained in energy audits are normally rough order of magnitude costs, not
assured prices. For example, a savings strategy estimated at $100,000 may in reality cost
$300,000 to complete.
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* Prediction risk. Audit-
ing energy calculations
and/or energy models
are not perfectly accu-
rate (this is sometimes
called the energy-per-
formance gap). The cal-
ibrated models with the
highest accuracy can

carry a margin of error
of 10% (or higher).
Noncalibrated calcula-
tions are less accurate
and riskier. For exam-

ple, a measure that is
. 0 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
predicted to save 30%

of a building’s energy

may only save 10% in Case 2: Investment in Years 1-3, Savings in Years 3-10
actuality.

Case 1: No Investment, Fees in Year 10

For some buildings, it may
be economically infeasible to N
achieve the targets, even from
a life-cycle cost perspective
(e.g., 40-year simple payback).
In such cases, the building

owners may need to use an
alternative compliance path
that requires them to reduce
energy use and emissions as
much as feasible, with appro- I I I I I I I
priate justification. For exam-
ple, they may be required to
reduce their energy use or

emissions by a certain percent- Il utility Costs Investment [l Fines
age relative to their baseline.
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Figure 3.4 Energy and BPS related costs. Case 1 and
RWA R W[/ RGO VR  Case 2 have equivalent net present values at 8% internal
Performance rate of return.

Certifications

Building performance standards are policies intended to measure building performance. Build-
ings that have been awarded certifications under ENERGY STAR, LEED, or similar programs
may not necessarily meet the performance targets set in the standard despite having received a cer-
tification, particularly if the certification is based on performance modeling and not on measured
metrics (as is the case for LEED for new construction [USGBC 2022]). Additionally, certifications
are generally for a single point in time and do not consider performance over time. In general, it is
advisable to include these types of buildings in the scope of the BPS if their building type is cov-
ered and require them to meet the same targets as other buildings of the same type.
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3.2.2 Targets Derived from Benchmarking Data
3.2.2.1 Applicability

The approach of deriving targets from benchmarking data is highly applicable for jurisdictions
that have such data. It could also potentially be applied to other jurisdictions by imputing data from
benchmarking data of a jurisdiction with a similar building stock and climate.

This approach requires at least one year of validated benchmarking data from a year without
unusual real estate business cycle characteristics such as a pandemic. Note that the first year of
benchmarking data in most jurisdictions often has data quality issues and it can take considerable
effort to conduct cleansing of benchmarking data. One approach to mitigate data quality issues is
to require third-party verification of the data.

3.2.2.2 Description

Many jurisdictions have benchmarking policies that require building owners to report the mea-
sured energy performance of their buildings annually. Benchmarking data provide a rich source of
data for target setting because they represent the measured energy use of buildings in the actual
jurisdiction and therefore have greater salience for stakeholders, and they cover almost all build-
ings in covered subsectors, i.e., they are not merely a sample. Almost all benchmarking policies in
the United States require the use of the ESPM. These benchmarking data provide site EUI, source
EUI, ENERGY STAR score, and estimated GHGI and often include measured energy use for indi-
vidual fuels (electricity, natural gas, etc.), which can be useful when considering electrification or
other decarbonization metrics. Any of these metrics could be used to set targets (see Chapter 2 for
more information on the implications of different metric choices). Policy makers can set targets by
selecting a particular percentile of the metric distribution for each subsector. For example, Wash-
ington, D.C., considered setting the target as the 50th, 40th, or 20th percentile of the ENERGY
STAR score for each building type (Bergfeld et al. 2020) and then calculated the total reductions
by subsector and for the whole stock.

3.2.2.3 Data Requirements

At a minimum, building performance data for the existing building stock will be required. Typ-
ically, this will be EUI, GHGI, and/or ENERGY STAR score, all of which are usually included in
benchmarking data. At least one year of performance data is necessary to begin establishing tar-
gets, but additional data from prior years can be useful (especially if building performance may
vary significantly from year to year, e.g., due to occupancy shifts in any given year such as during
the pandemic of 2020). Performance data are only required for covered buildings, but performance
data for other buildings in the jurisdiction can be useful, if available, for purposes such as compar-
ing emissions savings from covered buildings to total emissions for all buildings in the jurisdiction.

In addition, basic information about the existing building stock may be required. Namely, data
are needed for any characteristic that will be used to divide buildings into separate target catego-
ries. For example, because EUI can vary significantly by building type, the building stock may be
separated into different categories based on building type (or groups of building types). Categories
might also be defined based on building size, climate zone, occupancy level, operating hours, or
other characteristics, meaning those data might be needed as well. Building types and sizes are
typically included in benchmarking data but can also come from tax assessor data. Refer to
Section 5.2.1 in Chapter 5 for more detailed descriptions of data sources that can be used in this
analysis.
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3.2.2.4  Development Approach

Building-level performance targets are calculated by dividing buildings into categories, com-
puting distributions of building performance for each category, and then iteratively selecting a tar-
get, computing its impact, and revising the targets as needed to meet policy objectives.

The initial step

after selecting a perfor- >50k sqft, Benchmarking Data, Office

mance metric  (e.g., mean = 209, quartiles = [160, 186, 224]
GHGI) is to divide the

covered buildings into 200 -

categories (e.g., by

building type) and com- =15 1

pute the distribution of <]

building performance 5 150

for each category. (Fig- g 125 4
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how much perfor-
mance varies within a
category (e.g., a distri-
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bution with long tails Figure 3.5 Example of distribution of source EUI for large
could mean some build- office buildings in Washington, D.C. (Image credit: LBNL)

ings will need very

large performance

improvements to meet a target) and from one category to another (e.g., if two categories have simi-
lar performance, they might be combined into a single category to make compliance easier to track).

Next, the performance targets and compliance periods should be selected by analyzing the per-
formance distributions and the effects that the targets and periods would have on those distribu-
tions in the future. This should be an iterative process in which candidate targets and compliance
periods are selected, then their impacts are evaluated, then new candidates are selected, and so
forth. Given a candidate target and compliance period (e.g., buildings must reduce GHGI to the
80th percentile every five years), some key impacts should be addressed:

*  How many buildings will need to improve performance?

* By how much will they need to improve?

e How quickly will they have to improve?

e Which buildings (e.g., sizes or types) will have to improve?

If the candidate target and compliance period would require an unreasonable amount of perfor-
mance improvement, if the timeline to implement the improvement is unrealistic, or if a particular
category of buildings cannot achieve the required performance, then the target and period should
be reselected and another iteration should be performed until targets and periods are finalized. Per-
formance targets and compliance periods can be specified differently for each category of build-
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ings, depending on how much performance improvement is realistically achievable by buildings in
each category, as determined by a diverse set of stakeholders.

Note that benchmarking data could also be used to impute metric values for smaller buildings
for which benchmarking data are not available. EUI generally does not strongly correlate to build-
ing size (e.g., see data in the DOE Building Performance Database, bpd.Ibl.gov), so the distribu-
tion of EUIs for larger buildings could be applied to smaller buildings of the same type as a
reasonable approximation.

3.2.2.5 Strengths, Limitations, and Impacts

Jurisdictions with active benchmarking policies and data can transition to BPS more easily
than other jurisdictions. The BPS policy itself can be a natural extension or a continuation of
benchmarking, and existing benchmarking data can be used to help set targets, using the same
level of resolution by subsector as the benchmarking data. Reporting requirements (both the data
being reported and the function of reporting) may be simpler because many building owners are
already benchmarking performance. Overall, policy alignment with benchmarking should ease
policy implementation and increase stakeholder buy-in.

Using benchmarking data for target setting can be helpful in getting BPS started. Because
benchmarking data represent the actual performance of buildings in a jurisdiction, setting targets
within these data inherently shows that these targets are achievable. The distribution of perfor-
mance within a subsector can also allow for a data-driven basis for negotiating targets (e.g., 50th
vs. 40th vs. 20th percentile). Since benchmarking typically involves normalization for various
building characteristics (e.g., hours of operation), these could also be incorporated into the target-
setting process for individual buildings. However, policy makers should weigh this against the
added level of effort and transaction costs of compliance. Conversely, exclusive reliance on current
benchmarking data may limit a jurisdiction’s ability to set long-term targets. Benchmarking data
represent the current and past levels of performance, and setting targets within this may be limiting
if the current building stock lacks adequate representation of high-performing buildings. Jurisdic-
tions relying on benchmarking for target setting may need to use a recalculated target-setting
approach, which may cause unease in the periods between compliance cycles.

Benchmarking data can also be combined with other information about the affected properties,
including ownership, permits, recent renovations, and tax assessments. These cumulative data
could provide a deeper understanding of the potential for targeted support programs to ensure an
equitable application of the policy. The simple fact that jurisdictions can directly identify which
properties will fall above and below the BPS targets opens possibilities for support that cannot be
provided under other target-setting methodologies.

Finally, this approach does not directly address long-term sector-level goals. Therefore, it is
important to aggregate subsector-level impacts into sector-level impacts and evaluate the total
against the overall sector-level goals to ensure the policy will have the overall impact the jurisdic-
tion is seeking (see Section 3.2.3 for more information on setting targets according to sector-level
goals).

3.2.3 Targets Derived from Sector-Level Goals
3.2.3.1 Applicability

The approach of deriving targets from sector-level goals is applicable for jurisdictions that
have an existing policy with explicit quantitative goals for building sector reductions. It is also well
suited for jurisdictions that have existing building performance data available, e.g., from bench-
marking policies, since the derivation of subsector and building-level targets requires such data, as
discussed in Section 3.2.2.3.
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3.2.3.2 Description

This approach is essentially an extension of the previous approach of deriving targets from
benchmarking data, with one key additional aspect: calculating the stock-level impact of building-
level targets and aligning them with subsector- and sector-level goals.

Sector-level goals in this context refer to quantitative energy or GHG reduction goals for the
building sector. Examples of sector-level goals include the following:

» Seattle’s Climate Action Plan (City of Seattle 2018) specifies that building energy emissions
reduce by 39% by 2030 and by 82% by 2050 relative to a 2008 baseline.

* New York City’s Local Law 97 (NYC n.d.) aims to reduce emissions from the largest build-
ings by 40% by 2030 and by 80% by 2050.

» The City of Aspen has set science-based targets (City of Aspen 2017) for community GHG
emissions reduction of 63% by 2030 and 100% (zero carbon) by 2050.

Jurisdictions that have already established sector-level goals may use these to derive building-
level targets to meet those goals. In most cases, sector-level goals are at a high level—they cover
the whole building sector and are usually 10 or more years in the future. Also, most sector-level
goals are expressed as a percentage reduction from a baseline year. For BPS target setting, the task
is to derive building level targets—which may be absolute or relative—that can meet these sector-
level goals in whole or in part (i.e., if the BPS-covered buildings are only a part of the covered
buildings for the sector-level goals).

3.2.3.3 Data Requirements

The data requirements for this approach are very similar to those for deriving targets based on
benchmarking data (see Section 3.2.2.3). However, if benchmarking data are not available, build-
ing performance data for the whole building stock can be imputed using other data sources, for
example, from the relevant subset of the Commercial Buildings Energy Consumption Survey
(CBECS; EIA 2022) and/or the Residential Energy Consumption Survey (RECS; EIA 2020) or
from benchmarking data from another jurisdiction with similar building performance. See
Section 5.2.1 of Chapter 5 for more detailed descriptions of data sources that can be used in this
analysis.

3.2.3.4 Development Approach

The first task of this approach is to develop a breakout of total energy or emissions by subsec-
tor, e.g., building type and size. This can be done by aggregating the benchmarking data into the
relevant subsectors.

The next task is to derive subsector-level reduction goals from sector-level goals. Conceptu-
ally, the simplest approach is to apply the sector-level goals uniformly across all subsectors, i.e., if
the sector-level goal is 80% GHG reduction by 2040, then all building subsectors (offices, hospi-
tals, etc.) must reduce their GHG emissions by 80% by 2040. While this is conceptually simple, it
is generally not feasible because it is difficult to apply BPS to every subsector. For example, it may
not be practical to cover many smaller buildings, and many BPS ordinances are in fact limited to
buildings above a certain size. In a similar way, some building types may be exempt for various
reasons (e.g., complex building types such as specialty laboratories may be exempt for technical
reasons, and federal buildings may not be legally subject to city or state codes). Therefore, policy
makers first need to decide how much of the reductions for any non-covered subsectors need to be
absorbed by the covered buildings of the BPS to meet sector-level goals.

For covered buildings, the next factor the jurisdiction needs to determine is whether different
subsectors should have higher or lower reduction requirements. Some subsectors may have higher
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levels of efficiency and therefore fewer opportunities for further reductions. For example, in Wash-
ington, D.C., the local median ENERGY STAR score for office buildings is around 70 (vs. 50
nationally), driven by market demand for ENERGY STAR-certified buildings. That may not be the
case for other building types in Washington, D.C., such as schools, where the median ENERGY
STAR score is lower than 50.

In a similar vein, policy makers should determine whether the reduction requirements might
vary by building size. In general, EUIs and reduction potential do not correlate strongly with build-
ing size and there is not an obvious technical reason to vary targets by building size. However,
smaller buildings that are individually owned may have more organizational and economic barriers
to achieving reductions and may need additional resources to ease their burdens.

Once the reductions for each subsector have been set, policy makers need to set building-level
targets and assess the impact on sector-level goals. This is similar to the process described in Section
3.2.2.4. The benchmarking data, or equivalent data source, provide a distribution of energy use and
GHG across the buildings within each subsector. Therefore, each building above the target will con-
tribute a different amount to the total reduction for the subsector. Determining the target should be
an iterative process: select a target and determine the reduction from each building, calculate the
total reduction for the subsector and compare it to the required reduction for the subsector, then
adjust the target as needed to meet the total required (see Figure 3.6). The iterative target-adjustment
process should also incorporate equity considerations through stakeholder engagement. Figure 3.7
shows the impacts of different targets in an analysis conducted for the BPS in Washington, D.C.

As noted previously, sector-level goals usually have longer time horizons (e.g., 10 to 30 years
out). BPS compliance cycles are on shorter time frames (e.g., 5 years). Accordingly, BPS targets
need to be set on a trajectory to achieve the sector-level goals. A conceptually straightforward
approach is to simply draw a straight line from the baseline year to the final year. However, policy
makers may want to adjust the straight-line targets based on various considerations. For example,
targets may be less stringent in the first compliance cycle to ease the overall process and ensure
stakeholder buy-in then become more stringent in later compliance cycles. Historically under-
served subsectors may need more time to meet targets. Where a carbon- or grid-related metric is
used, the trajectory of BPS and grid carbon accounting will change over time and need to be
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Figure 3.6 Process for deriving targets from sector-level goals.
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accounted for in target setting. Note that different trajectories will have different impacts in terms
of cumulative emissions, even if the end goal is the same.

3.2.3.5 Strengths, Limitations, and Impacts

The main strength of this approach is that it explicitly ties and aligns individual building tar-
gets with long-term sector-level goals. It also allows policy makers to review and determine trade-
offs and adjustments among subsectors based on meeting sector-level goals. By tying targets to
existing policy goals, this approach also increases the potential for buy-in for BPS from the build-
ing community and other stakeholders. Being able to clearly show the direct linkage between the
BPS and the overall goals should assist in the policy’s adoptability and compliance. Finally, by
focusing on sector-level goals, BPS have the potential to address multiple policy objectives
through one ordinance.

One limitation of deriving targets from building performance data alone is that it does not
explicitly consider the engineering and economic feasibility of meeting those targets, i.e., whether
there are cost-effective technological solutions for buildings to comply with the targets. Therefore,
it is important to obtain expert input from energy engineers and building owners on the reasonable-
ness of the derived targets.
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whereas a
basically iden- DOEE 2019)
tical building
in another area
of a jurisdiction may have suffered from lack of access to capital or being underused. The second
building will effectively be asked to make larger gains during the same BPS compliance period
since both buildings must meet the same targets. Where target-setting analysis can be used to
understand this type of unintended consequence, jurisdictions should use data to develop support-
ive programs alongside targets.
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3.2.4 Targets Based on Published Sources
3.2.4.1 Applicability

The approach of deriving targets from published sources can be used by jurisdictions both with
and without benchmarking data. When existing data are not available and a jurisdiction is inter-
ested in implementing a BPS policy more quickly or in parallel with a benchmarking policy, pub-
lished data sources can be used to establish BPS targets. When benchmarking data are available,
the results of those data can be combined and compared with published data sources to arrive at the
BPS targets that would be most representative of the performance of the local building stock.

3.2.4.2 Description

The two most relevant published sources for target setting are ASHRAE/IES Standard 100
(ASHRAE 2018b) and the ESPM Technical Reference “U.S. Energy Use Intensity by Property
Type” (EPA 2021b). While there are other sources of building performance data, these two publi-
cations are notable in that they explicitly define targets that are based on statistical analyses of
nationally representative building performance data. Table 3.3 provides additional information on
these recommended published sources and their applicability to BPS target development.

3.24.3 Data Requirements

One major advantage of setting targets based on existing published sources is that in this
approach the primary data requirement is basic information about the existing building stock,

Table 3.3 Published Data Sources for Target Setting

Source Description

ANSI/ASHRAE/IES This standard provides criteria that aim to improve the energy efficiency and
Standard 100-2018, performance of existing buildings. To comply with the standard, buildings
Energy Efficiency in must meet the specified energy performance for their building type or
Existing Buildings implement a mandatory set of energy efficiency measures whenever the
(ASHRAE 2018) target is not met. The metric and benchmarks may be set by the authority

having jurisdiction. In addition, buildings must develop operations and
maintenance and energy management plans. The standard provides EUI (site,
source, and fuel-based) targets for 53 building types across all U.S. climate
zones, including both residential and nonresidential buildings, based on
CBECS and RECS data.

“U.S. Energy Use Intensity The ESPM is most commonly known and used as a tool for building owners

by Property Type, ” to document and benchmark their building’s performance against other
ESPM Technical Reference buildings of similar type. However, the U.S. Environmental Protection
(EPA 2021b) Agency (EPA) also periodically publishes the median site and source EUIs

achieved by different building types at a national level. These values are
updated regularly and are typically derived from the CBECS, industry
surveys, or similar data sources.

The national median site EUI and source EUI values in this publication
signify that half the buildings of each type use more energy than their
corresponding median, while the other half uses less. It is important to note
that these values do not account for variations in climate zone. In most cases,
this is because there is not enough data to support development of credible
medians by climate zone.

]
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making it less data-intensive than other approaches. Each of the two published sources recom-
mended in this subsection has its own data requirements:

* ASHRAE/IES Standard 100. This standard provides target EUls for 53 building types,
which were created based on the building’s activity type. This means that rather than a sin-
gle category for office buildings, EUIs are provided for multiple subcategories of offices,
including administrative/professional office, government office, medical office (nondiag-
nostic), mixed-use office, and other office. To use this standard for target setting, jurisdic-
tions need to be able to categorize each of their buildings into at least one of the 53 types
provided, which will require more specific information about the activity of the buildings in
their stock. Standard 100 allows buildings to be identified by more than one building type
and have the target prorated by the area of each type of use. The standard also provides tar-
gets for these building types in each climate zone, so information on a building’s location
and climate zone may be necessary for jurisdictions that cover multiple counties and poten-
tially multiple climate zones.

In addition, Standard 100 provides a table of operating shift multipliers that enables
users of the standard to adjust their building’s energy performance to account for variations
in the weekly operating hours of their building compared to what was used to develop the
targets laid out in the standard. While knowing the operating hours of all buildings in the
jurisdiction’s stock is not essential for target setting, if the data are available, it may be use-
ful to conduct analyses of the influence of operating hours on the overall outcomes of the
BPS to determine whether targets need to be adjusted.

* “U.S. Energy Use Intensity by Property Type.” In this resource, buildings are categorized
based on three characteristics—broad category (education, food sales and service, health-
care, office, retail, etc.), primary function (mall, medical office, data center, preschool/
daycare, etc.), and detailed function category (recreation buildings that are further divided
into fitness centers, swimming pools, etc.). The resource then provides the national median
source and site EUIs for each of the building types, using the most granularity possible
(while ensuring credible results) from reference data sources such as the CBECS and other
industry surveys. To use this resource for target-setting, jurisdictions need to be able to
group their buildings into the detailed function categories provided. If detailed function
information for buildings is not available, jurisdictions could divide buildings based on pri-
mary function or broad category, but this would require rolling the targets up into broader
categories and result in loss of granularity. Using this resource, targets could be set for
buildings with more than one building type by having the target prorated by the area of each
type of use.

3.24.4 Development Approach

The first step in implementing this target-setting approach is selecting the published source
that is most applicable to the jurisdiction. This selection will depend on the jurisdiction’s needs
and the data available for building categorization. It is recommended that jurisdictions weigh the
strengths and limitations of each published source before making a selection.

Once the source has been selected, jurisdictions should decide which performance metric will
be used for target setting. Both ASHRAFE/IES Standard 100 and “U.S. Energy Use Intensity by
Property Type” provide site and source EUIs that can be selected. Standard 100 goes one step fur-
ther by providing electricity and fossil-fuel site energy use targets by building activity category, but
these types of metrics are very dependent on building characteristics and system configuration. All
of these are energy-based metrics but can be converted to carbon-based metrics by applying the
appropriate energy-to-emissions conversion factors. Although the emissions conversion factors for
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fossil fuels are well understood and are widely published, conversion factors for electricity genera-
tion and any district energy systems used by the jurisdiction will have to be determined based on
the local energy production fuel mix. See Chapter 2 for additional information on performance
metric selection and the advantages and disadvantages of energy- and carbon-based metrics.

The next step is to divide covered buildings into categories that align with the chosen pub-
lished source and to determine the target that corresponds to each building category. The categories
can be broad or more granular depending on the information available, and the target selection will
depend on this granularity as follows:

 If the building categories used by the jurisdiction align with the publication, then the pub-
lished targets can be used directly.

» If the jurisdiction is using broader categories that do not directly align with the publication
(e.g., using office as a broad category instead of the more specific administrative/profes-
sional office or other classifications), the published targets should be adjusted to align with
the broader category. This can be done by identifying the published targets that should be
included under a specific category and averaging them to arrive at a single target.

* Example: A jurisdiction wants to assign a site EUI target to office buildings as a broad
category using ASHRAE/IES Standard 100. The jurisdiction’s buildings are located in
climate zone 3C. The first step is to identify which of the building types included in
Standard 100 will be considered by the jurisdiction to fall under the broader category of
office. Table 3.4 shows an example of subcategories that could be chosen and their corre-
sponding site EUls. By averaging the site EUls shown in Table 3.4, the jurisdiction can
set a target of 37 kBtu/ftz/year for office buildings. Alternatively, the jurisdiction could
create a weighted average based on the relative proportion of each subcategory.

The targets obtained for each category using this approach can be used directly in a BPS pol-
icy. However, it is important to consider the source of these targets and how that might impact their
applicability to the buildings in a jurisdiction. For both ASHRAE/IES Standard 100 and
“U.S. Energy Use Intensity by Property Type,” the primary data source is the CBECS (though the
ESPM publication uses separate industry-specific surveys for a number of property types), which
collects information on the U.S. building stock at a national level and is updated periodically.

Table 3.4 Example of Site EUls for Office-Related Building Activity Types

from ASHRAE/IES Standard 100

Site EUI for Climate Zone 3C

Building Type Number Commercial Building Type (kBtu %) fyear)
1 Administrative/professional office 33
2 Bank/other financial 47
3 Government office? 42
4 Medical office (nondiagnostic) 28
5 Mixed-use office 39
6 Other office 32
42 Post office/postal center 38

& A jurisdiction may opt to exclude buildings owned by municipal, state, or federal governments from its covered
buildings. See Section 3.1.3 for considerations on building ownership as it relates to the scope of a BPS policy.
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In Standard 100, the data from the CBECS is supplemented by building simulation modeling,
whereas in the ESPM publication, the CBECS data (or industry survey data) is not manipulated
further. Because of the periodic nature of the CBECS and other surveys, the targets derived from
those data and included in the publications may not be the most current at the time the jurisdiction
is using them (e.g., Standard 100-2018 uses the 2003 version of the CBECS, while the ESPM pub-
lication uses the most current version of the CBECS, which is 2012). As a result, the targets
obtained directly from these sources may be too high for certain building types and may not result
in sufficient impact to the building stock to advance the jurisdiction’s goals. Because the publica-
tions aggregate CBECS data at a national or climate-zone level, it is also possible that the resulting
targets will be lower than what is typically observed in a local building stock, potentially making it
difficult to achieve the targets.

To address these challenges, jurisdictions could use the published targets as a starting point
and modify them as additional data become available or as publications are updated. Several
approaches can be used to achieve this:

» If benchmarking data are available, jurisdictions can compare the published targets to this
data (Kono and Kono 2021) and adjust the targets up or down as needed. The extent and
nature of the adjustments will depend on the granularity of the data obtained from bench-
marking.

» If benchmarking data are not available, the jurisdiction can consider the following options:
» Use the published targets as a starting point for the first compliance period and provide

support and alternative compliance pathways to building owners that cannot comply. Use
the performance data reported in the first compliance period to adjust the targets up or
down as needed for subsequent compliance periods. Note, however, that target adjust-
ment adds uncertainty for building owners looking to plan far into the future (see the
related discussion in Section 4.1 of Chapter 4).

* Assess the local building stock to determine existing or potential energy efficiency mea-
sures that are technically feasible for each building type. This could be done through
energy audits or simulation studies, and the information can be used to determine the
potential impact that a bundle of efficiency measures can have on the performance metric
selected for the BPS (site EUI, source EUI, GHGI, etc.) and to estimate an appropriate
percentage reduction for each published target. This is more likely to result in targets that
are ambitious yet achievable for the first compliance period. Jurisdictions can use the
performance data reported in the first compliance period to further adjust the targets as
needed.

Once the initial performance targets have been selected, the next step is to determine the initial
compliance period. If existing building performance data are available, jurisdictions should follow
an iterative process of understanding the effect of different combinations of performance targets
and compliance periods, as outlined in the sector-level goals and benchmarking data target-setting
approaches (Sections 3.2.2 and 3.2.3). If existing building performance data are not available, it is
recommended that jurisdictions use the steps outlined in this section to arrive at a set of initial per-
formance targets and select an initial compliance deadline of 3—5 years after the implementation of
the BPS. This should provide ample time for building owners to understand their building’s current
performance and identify compliance approaches. Jurisdictions can then use data from the initial
compliance period to adjust the targets and compliance periods for each building category.

3.245 Strengths, Limitations, and Impacts

The primary strength of this approach is that it allows policy makers to point to a published
standard when engaging with stakeholders. The primary limitation is that the targets are based on
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national-level data and therefore may not be representative of the jurisdiction’s building stock,
including age, climate, and design or operating characteristics. With a less-specific data set, build-
ings might still miss their targets if the target development did not account for sufficient normaliza-
tion factors.

Where a jurisdiction is thinking of selecting a target based on GHGI or source EUI, published
data like that of the ESPM is additionally limiting because it uses a national average for source
energy, which does not reflect variations among regional electricity grids. Without reflecting the
regional mix, carbon-based targets may be too lenient and jurisdictions will not see the benefit of
savings anticipated from the BPS. Fuel switching is not adequately addressed in either publication.
ASHRAE/IES Standard 100 provides electricity and fossil fuel targets based on CBECS data or
modeling and does not consider the need for fuel switching or the changes in the use of these dif-
ferent fuels since the standard was developed.

Published sources such as Standard 100 have other advantages beyond just target selection,
including an approach to normalization, compliance forms, and other requirements for compliance
that may help advance the policy from development to implementation. Additionally, the ESPM is
a widely understood tool, used in many jurisdictions for benchmarking compliance reporting, and
therefore may help gain stakeholder buy-in.

Overall, this approach provides relatively quick access to BPS because it is straightforward to
establish initial targets; but, it may require future benchmarking data to modify the targets in sub-
sequent compliance cycles to be jurisdictionally appropriate in the long term.

3.2.5 Targets Derived from Modeled Performance
3.2.5.1 Applicability

The approach of deriving targets from modeled performance is applicable for jurisdictions that
lack existing building performance data (Duer-Balkind et al. 2022) or that have existing data but
would like to further tailor the targets to their building stock. This approach can also fill data gaps
in any of the three previously described approaches. Additionally, this approach can support juris-
dictions that need and have the capability to conduct a more in-depth analysis of efficiency and
decarbonization technologies and strategies to meet targets.

3.2.5.2 Description

Building simulation is a long-standing method for assessing building performance that is
increasingly used in the industry for design analysis and energy code compliance. Given sufficient
and accurate inputs, building simulation can predict a building’s performance under a specific set
of conditions with a reasonable level of accuracy. This tool can be used in the BPS target-setting
process to 1) develop targets when no other building performance information is available or 2) fill
gaps in other target-setting approaches.

Many building simulation tools are available, with capabilities ranging from simplified rapid
modeling that requires limited inputs to detailed modeling that allows modelers to incorporate spe-
cific details about the building envelope; HVAC systems; and operations. Some simulation tools
allow modeling of only a single building at a time, while others allow large-scale modeling of a
building stock with varying levels of detail. Individual building models can also be used to simu-
late a stock of buildings by creating representative buildings and extrapolating the results to the
entire building stock. An example application of this methodology is the Commercial Reference
Buildings models created by the U.S. Department of Energy (DOE n.d.-b). These models include
16 building types that represent approximately 70% of the commercial buildings in the United
States and are used in energy modeling software research as well as energy code development and
testing (Deru et al. 2011).
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Both individual modeling and stock modeling can be used in BPS target setting. Individual
building models can provide information on the potential impact of energy conservation measures
(ECMs) on a specific building category, helping inform targets for those building types even when
existing performance data are available. These more detailed building models can also be used to
impute building performance for smaller buildings or for those with specialized end uses, filling
gaps in targets set through sector-level goals or benchmarking. When no data are available, juris-
dictions can use building simulation to create stock models of their buildings and use those results
to conduct analyses on potential targets and compliance periods for different building categories.

3.2.5.3 Data Requirements

As with other approaches, the minimum data requirement for setting targets using modeled
performance is basic information about the existing building stock (building occupancy classifica-
tion, size, climate zone, etc.). However, in addition to data needed for dividing the building stock
into separate target categories, a modeling-based approach also requires sufficient information to
create building simulations that are representative of the categories being modeled. This informa-
tion can include operating hours, occupancy levels, HVAC system type, efficiency and controls,
lighting type and controls, and any other building characteristics that can be used to build a model.
The level of detail required depends on whether the models are being used to fill gaps in existing
data or to create a stock model. When using models to impute performance for specific building
categories, a higher level of detail will result in more accurate models.

It is impractical for a jurisdiction to model every building when creating a stock model, so
selecting the right representative buildings to model is important to reduce the modeling effort
while simultaneously obtaining adequate target results. The building types selected should be dic-
tated by 1) the common building types in the stock and 2) the building types that will be covered
by the BPS. The building types can be as high level or as granular as needed and can include
parameters such as building activity or operating hours (administrative office, 24/7 retail store,
etc.). Once the building types are known, additional information about typical building characteris-
tics should be collected to inform the representative energy models. Some of this information may
be available from past code compliance and permit applications, but it is unlikely to be compre-
hensive or to be centralized and accessible. To fill gaps in the data, jurisdictions could consider
asking building owners to share past studies of their properties (commissioning studies, energy
audits, etc.) or to conduct separate surveys to obtain data. When attempting to collect data from a
large number of buildings, jurisdictions may benefit from creating a standardized data scheme that
allows them to document the necessary information in a consistent and repeatable way.

3.2.5.4 Development Approach

The first step in developing targets using a modeled performance approach is to collect data
about the building(s) that will be modeled. The data collection process should be tailored to the
modeling needs and the fidelity needed from the model. Details of the data requirements for differ-
ent types of modeling needs are outlined in Section 3.2.5.3. This step should result in the selection
of building types and key building characteristics to be modeled.

The next step is to select the modeling tool and methodology to be used to develop the models.
The modeling tool should be able to accurately represent the characteristics that need to be cap-
tured for each building type based on the desired outcomes of the target-setting process. This is
especially important when developing detailed models to fill gaps in other target-setting
approaches. For example, if modeling a manufacturing facility, the modeling tool used should be
capable of capturing industrial process loads. The modeling tool and methodology also should be
able to model all the fuels and performance metrics that will be tracked by the BPS (including dis-
trict energy) or produce sufficiently detailed results that can be easily converted into the desired
fuels and metrics. For example, if a grid-integration metric that measures peak demand in kilowatts
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is being used, the modeling tool should be able to directly provide this input or allow the user to
produce an hourly electricity demand profile from which the peak demand can be derived.

The models could in principle be calibrated against measured energy use for the buildings
being modeled. This will help improve the outcomes of the modeling process and provide confi-
dence in the results. However, this is a significant effort, and it may be unrealistic to collect perfor-
mance data for a large number of buildings. Instead, jurisdictions could collect a statistically
significant subset of data for the building types they are trying to model.

As an alternative to developing models from scratch, jurisdictions could use existing models
such as the DOE Commercial Reference Buildings models (DOE n.d.-b) and modify them to fit
the characteristics of the local building stock. Although this approach may provide a starting point
for the target development process, it is limited to the specific building types covered by existing
models. If the jurisdiction has access to the appropriate technical resources and budget, it is prefer-
able to create new models to represent the different building types.

The models can be used to set BPS targets in multiple ways. The first is to incorporate the
modeled results into the data set used in other target-setting approaches, such as targets based on
sector-level goals or benchmarking data. When using either of these target-setting approaches,
detailed building models can be used to estimate the savings potential from implementing a prede-
termined set of ECMs. These results can help jurisdictions understand the potential impact of
requiring the implementation of prescriptive measures as part of the BPS or provide guidance on
how much energy savings is feasible for each building type. Another approach is to use the build-
ing models to create a stock model of all the buildings in the jurisdiction, then use the results to
conduct analyses on the distribution of performance across building types. This process would be
similar to that conducted with benchmarking data (described in Section 3.2.2.4) and is intended to
help inform both the performance targets and the compliance periods of the BPS. Modeled perfor-
mance can be used to determine performance targets over the entire lifetime of the BPS policy and
also to help jurisdictions understand the impact of companion policies on electrification, energy
codes, and building operation requirements.

3.2.5.5 Strengths, Limitations, and Impacts

Targets based on energy modeling can better detail the level of performance improvement that
is feasible for the jurisdiction’s specific building stock. This specificity can create the potential to
set progressive targets that account for the phasing in of energy efficiency improvements and vary-
ing levels of electrification in the target-development process and may allow for relatively simple
future updates as the building stock changes. It can also provide detailed information on the
impacts of different retrofit measures meeting a given target.

The largest limitation of this approach is that it requires significant time, budget, and expertise
to conduct. Many jurisdictions may not have these resources available, requiring a contractor or
outside expertise, which could become expensive. The baseline data required for analysis are also
a potential burden, with a detailed level of data needed for the existing building stock that many
jurisdictions may not have on hand. Even with detailed data, there may be a need to create custom-
ized building prototypes in place of the DOE models to better account for regional or local varia-
tions, adding more complexity and limiting potential replicability. Finally, as with all modeling,
accuracy is always a limitation. Where jurisdictions can invest resources into such an effort, data
resulting from the analysis could be used for cost studies and other analyses and reporting that may
be requested by stakeholders in policy development, making those requests relatively easier to
meet. However, as with any modeled data, the reliance on modeling rather than real building data
will leave the analysis open to scrutiny and potentially decrease buy-in from the community.

Additionally, where jurisdictions attempt to use a modeling approach but do not fully account
for variations in age, size, occupancy, or other key factors that are known to impact EUIs, some
buildings may be given unachievable targets.
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3.3 Normalization of Targets for Specific Factors

Buildings are complex systems, and their energy performance can be affected by a variety of
occupancy, use, and environmental factors, such as operating hours, occupant density, plug-load
intensity, weather, and others. Many of these factors can be challenging for an existing building to
modify in order to meet a BPS performance target. Normalizing building performance to account
for the impacts of some of these factors with typically large impacts can help ensure that buildings
complying with BPS are fairly assessed against their targets. However, there is a trade-off between
simplicity and degree of normalization. Jurisdictions should carefully consider this trade-off with
stakeholders and determine a degree of normalization that is reasonable to implement in practice

(EPA 2022).

A variety of normalization meth-
odologies exist and are in use in a Weekly Hours
variety of energy applications. How- 50 or | 51to
ever, there are two common normal- No. | Building Activity/Type Less | 167 168
ization calculation methods that are 1 Admin/professional office 1.0 1.0 1.4
applicable in the'context of BPS and 2 Bank/other financial 10 1.0 14
can be used to adjust performance tar-
g 3 Government office 1.0 1.0 1.4
gets based on weather or building
characteristics. The first is the method 4 Medical office (nondiagnostic) | 1.0 1.0 1.4
used to determine the target EUI 5 Mixed-use office 1.0 1.0 1.4
(EUI) in ASHRAE/IES Standard 6 | Other office 10 |10 |14
109, Whlch allonS targets for a given ; Laboratory Lo Lo o
building to be adjusted based on oper- —
ating hours. Section 3.2.1.2 shows the 8 Distribution/ship center 0.7 1.4 2.1
equatjon used in Standard 100 to 9 Nonrefrigerated warehouse 0.7 1.4 2.1
determine the energy target in terms 10 | Convenience store 1.0 1.0 1.4
Of‘SIFe or spurce EUI ’fOI‘ a gtven 11 Convenience store and gas 1.0 1.0 1.4
building. Figure 3.8 includes an
. 12 Grocery/food market 1.0 1.0 1.4
excerpt from the standard showing
target normalization factors for differ- 13| Other food sales 1.0 1.0 1.4

ent building types based on weekly
operating hours. The BPS policy in
Washington State, which uses Stan-
dard 100, allows targets to be normal-
ized for operating hours.

The ESPM uses several normal-
ization factors derived from multivari-
ate regression to adjust the score of a
given building. The factors include
weather (in the form of heating and cooling degree-days), floor area, operating hours, number of
workers per 1000 ft?, number of computers per 1000 ft, and other factors that differ by building
type (EPA 2021a).

Note that any given normalization factor may not be applicable to all building types. For exam-
ple, even a factor such as operating hours—which applies to almost all building types—may not be
relevant to hotels and similar facilities that operate 24/7. Therefore, it is important to determine the
applicability of normalization factors separately for each building type. Depending on the factors
for which normalization is required, jurisdictions may be able to extrapolate the methodologies
described in this section, or a different normalization methodology may be required.

Figure 3.8 Excerpt from Table 7-3 of ASHRAE/IES
Standard 100 showing operating hours normalization
factors for different types of commercial buildings.

(Image credit: ASHRAE 2018; reprinted with permis-
sion)

50

© 2023 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Building Performance Standards: A Technical Resource Guide

3.4 Adoption and Application of Target-Setting Approaches

Most of the current target-setting approaches used in the United States are not a pure applica-
tion of any one of the approaches described above and, for many reasons, use a combination of
approaches. The application of the approaches in selected U.S. jurisdictions as of the date of publi-
cation of this guide is described in the following subsections.

3.4.1 Current U.S. BPS Target Approaches

3.4.1.1 New York, New York: Sector-Level Goals

New York City’s approach to the development of their BPS, known as L1L97 (NYC n.d.), was
set to meet the city’s emissions reduction goal of 80% by 2050. The approach used a set of increas-
ingly stringent targets, starting in 2024, to reduce energy use and building emissions toward the
city’s long-term goal. The city conducted an analysis to allocate reductions by subsector and set
building-level targets that meet subsector- and sector-level goals. Different building occupancy
classes are assigned GHGI limits that ratchet down during five-year compliance periods. LL97
allows for compliance through the purchase of renewable energy credits (RECs) and offsets while
also creating penalties for noncompliance and variances for financial hardship, allowing for some
flexibility in meeting the interim and final targets at both the building level and the sector level.
The law also directed a study of a potential carbon trading system, which could create an incentive
for buildings to exceed their targets and sell their carbon credits in an open market.

Carbon emissions related to grid carbon intensity within LL97 are based on an equation with
preset grid emission factors. This means that the actual emissions in any given cycle may not
match the equation, making it more difficult for the city to know if their sector-level goals are truly
achieved. From the building-owner perspective, knowing the equation and conversion in advance,
even if it does not exactly match reality, makes it substantially easier to plan to meet the targets in
any given cycle, rather than needing to wait for real-time grid emissions data.

3.4.1.2 City and County of Denver, Colorado: Sector-Level Initial Goals

Denver used a hybrid approach for setting its short- and long-term targets (City of Denver
2021). Initial long-term targets for 2030 were set based on Denver’s sector-level reduction goal of
30%, such that each building must meet its own reduction of site EUI to contribute to the overall
goal. Individual buildings have their own requirements for custom trajectory and percent reduction
under this model. These 2030 targets are complemented by interim short-term targets for 2024 and
2027 that are based on each building’s individual 2019 baseline performance. Additional targets
will be set in subsequent rulemakings to meet Denver’s overall sector-wide goal of 80% GHG
reductions by 2040, though it is not immediately clear that those targets will use the same method
of target setting. Denver additionally has included target adjustment mechanisms, including a 10%
EUI credit for buildings that are 80% electrified and an application process for normalizing target
adjustments.

By using custom trajectories, Denver has ensured that buildings without as far to go are not
asked to do more than possible. However, without insight into future targets (beyond 2030), own-
ers of poorer-performing buildings may be reluctant to make major improvements that would
exceed their assigned reduction for fear of not being rewarded for those efforts in future rulemak-
ing. As a result, there is a risk that this approach may reduce the lifetime energy and carbon impact
of the BPS policy by allowing the worst performers to consume more energy with more resulting
emissions early in the BPS policy timeline and remain poorer performers for more of the total BPS
timeline.
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3.4.1.3 Washington State: Published Sources

Washington State began its work based on ASHRAE/IES Standard 100-2018 and established
site EUI targets that are specific to Washington State (Washington State 2023). These targets were
set at approximately 15% lower than 2009-2018 building averages after analysis and review by a
technical task force and stakeholders. Washington State has the only current BPS that sets two dif-
ferent tiers of energy targets: one for older existing buildings and one for newer existing buildings.
The newer buildings are those permitted for construction on or after July 1, 2016. Different than
what is commonly associated with Standard 100, Washington’s BPS policy does not publish a
table of targets; rather, it requires each project’s compliance target be calculated through a pro-
vided equation. Additionally, the state worked to revise implementation and compliance language
in Standard 100 to fit the enforcement and compliance mechanisms for the state. This included
adding definitions, removing language targeting residential buildings, adding the state-generated
energy targets, and revising state compliance pathways.

Washington State’s division of buildings into two age groups recognizes that more recently
constructed buildings complying with more stringent energy codes should be able to achieve
higher levels of performance than buildings of an older age. By differentiating buildings into dif-
ferent performance categories, the overall goals of the BPS across the building stock may be tech-
nically more easily achieved than asking very old buildings to perform the same as their more
modern counterparts. This division also puts very recently constructed buildings at risk without
some guarantee that new construction codes will deliver the defined levels of performance.

3.4.1.4 Washington, D.C.: Benchmarking

Washington, D.C., relied on its benchmarking program to use the ESPM platform for compli-
ance along with the ENERGY STAR score provided for buildings (Council of the District of
Columbia 2018). To set their targets, the district focused on the local median score by building
type. For building types where an ENERGY STAR score is not available, policy makers opted to
use a local median source EUI (or national median EUI for building types where there is too small
a local sample), combining the benchmarking data approach with a published sources approach.
While the targets for deemed compliance are based on ENERGY STAR score, the district offers
three additional compliance pathways: a performance path (reduction of 20% site EUI), a prescrip-
tive path (based on individual audit recommendations), and an alternative compliance path (subject
to application and approval). In reviewing potential measures for the setting of prescriptive path
compliance options, the district applied a small number of targets derived from modeled perfor-
mance. This exercise did not produce a clear set of measures that could be applied uniformly to
multiple building typologies and ages, leading to the individual prescriptive option currently avail-
able. The district will review data in an interim year to set new targets for future compliance
cycles, with an eye toward achieving their sector-level climate goals.

While multiple paths give owners flexibility and certainty in the first cycle, these paths may or
may not achieve the target score for a given compliance cycle, making target medians for future
cycles difficult to predict. One stated goal of targeting the local median ENERGY STAR score or
EUI is that the median may naturally ratchet up over time, but this “natural” progress is of course
not guaranteed because percentile-based targets are more likely to stall without a strong pull from
the top or a significant overachievement from the improving building stock.

3.4.1.5 St. Louis, Missouri: Benchmarking and Published Sources

The BPS in St. Louis requires that its standards be set at the 65th percentile of local building
performance (City of St. Louis 2019). Targets for the first compliance cycle were set based on
local data for most building types using site EUI, normalized for weather and operations character-
istics. Certain types, including food service, library, and refrigerated warehouse, were identified in
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public comment responses as being better served by national 35th percentile values, still being
held to that 65th percentile standard, due to a lack of available local data to set targets. Most prop-
erties will have four years from when the standards were approved to meet them. Qualified afford-
able housing and houses of worship will have six years to meet the standard. St. Louis also offers
two alternative compliance paths: narrow the gap (reduce the gap from the 2018 baseline to the tar-
get by half), and a custom path (based on an energy audit). In addition, the city is offering an
incentive for early adopters to invest in long-term compliance by achieving a target and meeting a
20% (two compliance cycles granted) or 50% (three compliance cycles granted) improvement over
baseline. The St Louis targets will be reset at the end of each compliance cycle.

Like those in Washington, D.C., the targets in St. Louis have the potential to stall at the current
65th percentile numbers, which may be due to the limitations of the early adopter compliance
cycle to naturally draw buildings over the target, moving the next 65th percentile. The use of a per-
centile target combined with the city’s reliance on collecting and analyzing benchmarking data
each cycle may have the unintended consequence of delaying or curtailing renovations that could
have saved energy and carbon in the near term due to the long-term uncertainty associated with
this type of target setting.

3.4.1.6 Boston, Massachusetts: Benchmarking and Modeled Performance

Performance targets for the City of Boston were developed using historical emissions data
based on the city’s benchmarking program data collected since 2013 to set emissions standards by
building type for 4-year periods between 2025 and 2050, with the long-term target being zero (City
of Boston 2021). The city partnered with a contractor to develop performance targets, with an ini-
tial analysis evaluating targets with granularity by building typology, size, percent occupancy, age,
fuel source, and time-variant effects. This analysis was significantly aided by the initial bench-
marking and audit policy: by the time Boston undertook target setting, the city had access to
between 200 and 300 ASHRAE Level 2 audits (ASHRAE 2018a) from covered buildings. These
audits helped create the modeled buildings in the analysis and ground truth cost estimates for
meeting the BPS targets. The technical group eventually recommended that targets be based pri-
marily on building types that were reviewed by a group of technical experts and resulted in the tar-
gets presented by the city.

The long-term target setting used by Boston gives certainty to the market, which should
encourage long-term planning and investments by building owners. However, that certainty is
based on statewide projections related to the cleaning of the electric grid, which may or may not
stay on trajectory. Where the electric grid cleans faster than the projections, buildings may be
given a free pass in any given compliance period. Where the grid does not meet the projections,
buildings may struggle to meet BPS targets.
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Building performance standards require that the governing body or jurisdiction choose the
appropriate metrics, set targets, decide which buildings will be covered, and select the compliance
pathway options to meet the long-term goals of the policy. But how do covered buildings reach
those long-term goals? Will the path be set from day one, or will it be reevaluated as the policy is
rolled out? Will changes in compliance rates or the makeup of the electric grid factor in? Are all
buildings covered in the initial phase, or will the number of covered buildings increase each cycle?
The more guidance on building performance expectations a jurisdiction can provide, the easier it
will be for owners and occupants to plan, but many variables exist along the way.

4.1 Setting Short-Term and Long-Term Targets

When defining the target level of performance for a metric and covered building, policy mak-
ers have two options: 1) establish a fixed set of targets, or 2) recalculate targets before every com-
pliance period.

Fixed targets are set several cycles in advance and are not dependent on the results of the pre-
vious cycle. Fixed targets provide an advantage to stakeholders in that they allow for long-term
planning, enabling building owners to look toward future targets and incorporate those goals into
operational and capital planning (Cheslak 2020). The following example illustrates what a set of
fixed targets might look like:

Primary and secondary education buildings must meet the following site EUI targets:

Site EUI Target, Deadline
kBtu/ftZ Year
38 2025
34 2030
31 2035
27 2040
24 2045
20 2050

The final target in this example is representative of the long-term goal set by the jurisdiction
for these building types. Owners must also meet intermediate goals, set at fixed intervals, provid-
ing feedback on progress for both the building owner and the jurisdiction.
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Figure 4.1 shows the general compliance process for a BPS policy with fixed targets.

Recalculated targets are adjusted each cycle, incorporating the results of the previous period.
Because the new targets are not set until after the previous cycle is complete, owners are left with
uncertainty around the expectations for future cycles. Without set long-term targets, owners are
less able to plan investments to meet these goals and may delay upgrades in order to avoid costly
renovations that could end up falling short (Cheslak 2020). An example of a recalculated target is
one where buildings must meet the local median energy use intensity (EUI) for each compliance
cycle. Figure 4.2 shows a sample compliance process for a BPS policy with a recalculated target.

Setting a final target for each building type or size before starting out enables better planning
with respect to the path to get there but does not account for discrepancies in compliance or major
changes to the overall building stock along the way. Choosing recalculated targets allows for more
flexibility as buildings adapt to the policy and makes it simpler to adjust for lesser performance,
but it puts each cycle in a vacuum, which makes long-term planning more difficult for owners.

In Washington, D.C., for example, targets are based on the median ENERGY STAR® score for
that property type, recalculated prior to each compliance cycle (Council of the District of Colum-
bia 2018). The district’s stated goal within its Sustainable DC 2.0 Plan (Government of the District
of Columbia. 2018) is to reduce emissions and energy consumption by 50% by 2032; if the results
of the initial cycle show that the built environment is not on track to meet that goal, it may be pos-
sible to adjust the targets of the second cycle. Increasing the stringency of targets after the initial
compliance period may be necessary when considering climate goals; however, in this scenario, it

Each compliance cycle

BPS policy Building Buildings Buildings Final target
created stock data all compliance meet targets submit met
evaluated cycles or make performance
improvements data

Figure 4.1 Example of a fixed target process.

Each compliance cycle

BPS policy Building Targets set Buildings Buildings Final target
created stock data for next meet targets submit met
evaluated compliance or make performance
cycle improvements data

Figure 4.2 Example of a recalculated target process.
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could result in unintended consequences. For example, as requirements are expanded to include
additional buildings, those that were not part of the first cycle may be required to carry an addi-
tional burden due to the shortcomings of previously covered properties, and individual properties
may face financial issues if a major capital improvement project intended to meet requirements
past the first cycle falls short of the new goal.

With set long-term and interim targets, owners, operators, and tenants can plan and adjust their
improvements to coincide with BPS compliance cycles. Capital budgets are often set well in
advance and consider variables such as expected equipment life and tenant lease durations. Addi-
tionally, some building types may change ownership as often as every few years, further influenc-
ing planning decisions.

Establishing interim targets from the beginning benefits those responsible for the necessary
building improvements; however, it can be challenging for those establishing the targets. Careful
analysis of the existing building stock with respect to the jurisdiction’s climate goals, as well as the
estimated pace of new construction, is necessary to establish interim and final targets that will
result in the anticipated energy and carbon savings. Starting from the final goal year, as set by the
climate plan, and working backward to the first year that the BPS could realistically go into effect,
the jurisdiction can decide how many phases will be necessary. The number and length of the inter-
vals should be short and frequent enough to ensure that progress is on track but not so short that
compliance becomes overly burdensome.

Jurisdictions looking to maintain the flexibility of adjustable targets while providing the struc-
ture of established long-term targets could mitigate the uncertainty by working with building owners
who are looking to meet future requirements in good faith. Incentives for meeting more aggressive
targets earlier in the process could be provided, with guarantees that future obligations are already
met, even if the target changes in future cycles. Alternatively, a hybrid approach may be possible,
with an established long-term target but flexibility in the specific requirements of each cycle.

One example of a long-term target with interim requirements is the Institute for Market Trans-
formation (IMT) BPS model ordinance, which uses a trajectory approach (IMT 2021b). In this
model ordinance, covered buildings are divided into groups according to property type, and for
each property type the BPS administrating department sets a final performance standard that must
be met by a specified date. In the ordinance, IMT recommends setting final performance standards
15-30 years in the future to allow time for buildings to align their performance targets with their
capital improvement plans. In the majority of cases, this extended time frame will incorporate at
least one major system upgrade project, such as the replacement of HVAC equipment or roofing.
Interim targets are also set, recommended to be at 5-year intervals. While the final performance
standards are the same for each property type, the trajectory to achieve interim standards varies for
each individual building, depending on its initial performance level. Interim targets are derived
from points along the path of a straight line drawn between a building’s initial performance and its
final performance requirement. All buildings are required to improve to some extent each cycle;
however, buildings that begin furthest from the final target will have a much steeper trajectory and
will require greater improvements each cycle to meet the interim requirements, as shown in
Figure 4.3. Versions of this model have been included in the policies passed in Denver, CO, and
Montgomery County, MD.

Denver’s Council Bill No. CB21-1310 set a goal of 30% energy reduction of all covered build-
ings (those over 25,000 ft%) by 2030, with the ultimate goal of zero emissions from existing build-
ings by 2040 (City of Denver 2021). Targets have been established for 2030, with initial and
interim targets occurring in 2024 and 2027 for each individual building, based on a straight-line
path starting from 2019 benchmarking values. Denver’s timeline is ambitious and, while com-
mendable, could be difficult to align with capital improvement cycles.

Figure 4.4 shows the default straight trajectory of a building’s performance, moving from the
baseline year to the final standard, as compared to the building’s actual performance after each
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efficiency measure is completed. At each interim point, the building’s performance exceeds that
required at that specific point in time. Note that the upgrades described at each interim point are
illustrative examples only; each individual building will need to determine the most appropriate
actions for it to reach each its interim goals.

One complication of the trajectory approach is the need for dedicated tracking for each indi-
vidual building for each interim compliance period. All buildings will have their own unique goal
to meet for the cycles prior to the final compliance period, with what is acceptable varying not just
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by building type but for each individual address. Such tracking requires additional data manage-
ment tools as well as additional staffing for interpretation and enforcement.

4.2 Alternative GCompliance Paths

Not all buildings can directly meet the targets laid out by the local authority. Financial or tech-
nical barriers and challenges associated with ownership or tenant changes may necessitate work-
arounds to accommodate these special circumstances.

4.2.1 Allowances for Flexibility in Timing

Variations of the trajectory approach could include nonlinear trajectories, allowing for less-
stringent targets initially and increasing requirements as the program ramps up. Another option for
flexibility includes the Building Performance Action Plan (BPAP) as demonstrated in the IMT
model ordinance (IMT 2021b). The BPAP allows owners facing unusual situations to propose a
customized, alternative compliance plan but does not allow owners to use BPAPs to delay
improvements unnecessarily. A well-designed plan provides owners with the flexibility to take
advantage of existing equipment replacement, financing, and occupancy cycles to reduce or elimi-
nate extra costs. For example, as shown in Figure 4.5, an initial lighting upgrade may reduce
energy consumption sufficiently for the first compliance period but not beyond that. The building
may be due for more extensive upgrades that the owner needs to group together for either logistical
or financing purposes, so they request leeway for the second compliance period so that a major ret-
rofit that includes both envelope and HVAC modifications can be undertaken prior to the end of the
final compliance period.

St. Louis established a 6-year compliance cycle for affordable housing and houses of worship
to provide flexibility to owners who may face financing and capacity restraints (City of St. Louis
2019). In Washington, D.C., delays may be granted to all properties demonstrating hardship for up
to three years, and for affordable housing a longer delay timeline may be granted (Council of the
District of Columbia 2018).
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Figure 4.5 Example of timing flexibility. (Adapted from IMT 2021a with permission of Insti-
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When providing flexible options, it is critical to include a legal commitment that is tied to the
building and disclosed when the property is sold. Real estate holdings can change ownership every
few years, and it is imperative that future owners be aware of the improvement requirements that
go along with the property. Options include the requirement that improvement plans be referenced
in an attachment to the deed of said property at the office of the Recorder of Deeds or that they be
included in any sales listings or contracts.

4.2.2 Portfolio Compliance

Another option may be to allow building owners to meet requirements through a portfolio of
properties rather than on an individual building basis. This approach allows owners to consider the
technical and financial feasibility of renovations across multiple properties and make the best
choices to meet an overall goal. Such an approach may make more efficient use of funds and the
available workforce, concentrating efforts on fewer, larger projects at one time rather than spread-
ing smaller and less cost-effective efforts out among all buildings under the same ownership.

While this approach increases flexibility for the owner, it may create a situation where some
properties do not receive needed upgrades. Owners may focus on properties with the highest
potential for rent increases post-renovation, leaving inefficient or otherwise less-desirable proper-
ties to continue to degrade, which may disproportionately affect affordable or rent-controlled hous-
ing. This approach also adds to the complexity of tracking compliance on the part of the
responsible department.

4.2.3 Prescriptive Pathways

While the basic premise behind BPS is compliance via measured performance factors, in some
circumstances it might be too onerous to calculate what upgrades would be necessary to achieve
the required performance increase. New York City allows affordable housing, some rent-controlled
properties, and houses of worship to comply via prescriptive measures, bypassing the need for
energy savings estimates. Washington, D.C., created a prescriptive compliance pathway that
requires an energy audit and the implementation of energy efficiency measures designed to be
comparable to the performance method; however, buildings following this path will not be penal-
ized if performance targets are not met, reducing owner risk but in turn creating risk for the juris-
diction and its goals. With prescriptive pathways, the resulting savings are not predictable, and
what produces significant results in one building may have little impact in another, making it diffi-
cult to determine equivalency between the performance and prescriptive options. While prescrip-
tive measures may be necessary to accommodate some circumstances, creating funding sources for
financially challenged properties or requiring performance-path approaches to meet missed targets
may yield better long-term results.

4.2.4 Structured Approaches

The majority of BPS that have been enacted in the United States specify targets but leave it to
building owners and their teams to determine how those targets will be met. Some cases, however,
require additional structure and steps to compliance. These additional elements can aid in a build-
ing’s ability to manage its energy use, but they also reduce the simplicity of the policy. Washington
State, for instance, uses ANSI/ASHRAE/IES Standard 100 (ASHRAE 2018) as the basis for its
BPS, which includes elements such as an energy management plan and operations and mainte-
nance program for all buildings and requires further steps for noncompliant buildings, such as an
energy audit, prior to implementing energy efficiency measures. Structured plans for noncompliant
properties can help guide those properties to success, particularly for owners unfamiliar with prac-
tices such as energy audits and commissioning.
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Another example of a potential structured approach is to use strategic decarbonization assess-
ments. Strategic decarbonization assessments, as developed by Arup and Ember Strategies (Burt
2022), are a combination of an energy audit, a property condition assessment, and a discounted
cash-flow analysis of different investment scenarios. The City of San Francisco and New York
State (i.e., the New York State Energy Research and Development Authority, NYSERDA) have
used this approach for decarbonization of large buildings, which could also be applied as a means
to comply with BPS.

4.2.5 Offsets, RECs, and Carbon Trading

Where metrics include greenhouse gases (GHGs) or the use of renewable energy, it would be
up to the policy makers to decide whether to allow compliance options such as GHG emission oft-
sets or off-site renewable energy credits (RECs) to enable buildings to comply. Both New York
City and Boston allow offsets or RECs to be used to aid in compliance, but with restrictions. For
example, in New York City, GHG offsets are limited to only 10% of emissions and RECs can off-
set 100% of building emissions but must be purchased from energy generated in or directly sinking
into the New York City grid (City of New York 2019). New York City also studied a carbon trading
program that would allow buildings that exceed emissions requirements to buy credits from those
that are below the limit, thus allowing the “portfolio” of all buildings within the city to satisfy the
requirement as a whole (Guarini 2021). More directly, Boston allows alternative compliance pay-
ments based on the average cost per metric ton of carbon dioxide equivalent (CO,e) (City of Bos-
ton 2021).

Offsets, RECs, and carbon trading as compliance approaches must be carefully considered by
jurisdictions when implementing BPS. If the preferred action is to change the building’s design
and operation or to address other goals such as healthier housing, then offsets and RECs should not
be encouraged. On the other hand, these approaches may offer lower costs of compliance and the
potential to create revenue streams to invest in communities where assistance is needed.

4.3 How Metrics Affect the Gompliance Path

BPS policies that are centered on a final target with predetermined interim requirements are
more compatible with certain metrics. Site EUI, for instance, lends itself better to long-term target
setting on an individual building basis, as it is the metric over which owners and operators have the
most control. Site EUI targets are not subject to external variables the way source EUI, greenhouse
gas intensity (GHGI), and ENERGY STAR score are, and they will not vary over time. All metrics
other than site EUI are influenced by the makeup of the grid, with ENERGY STAR score further
impacted by the current building stock and other factors that change over time.

To directly address the carbon impact of buildings, however, it might be necessary to use a
carbon-based metric, either initially or in later cycles. Decarbonization goals may be better
addressed with recalculated targets, evolving metrics, or even multiple metrics that combine to
achieve a specific goal. If a jurisdiction uses GHGI as a metric, a building taking proactive steps to
decarbonize, such as replacing on-site fossil fuel-based equipment, may actually increase their
short-term GHGI, depending on the makeup of the grid. One option that could encourage a carbon-
based metric in initial stages would be to provide incentives or allowances for early movers. Juris-
dictions could also focus on energy reduction in initial policy rollout then shift, or add carbon met-
rics as the grid evolves. Using both site EUI and a site-specific carbon metric (i.e., an
electrification metric or direct emissions metric) provides information on the two key strategies for
achieving decarbonization: energy use reduction and shifting from fossil fuels. Chapter 2 provides
more detail on the strengths and weaknesses of each metric.

Table 4.1 lists jurisdictions in the United States with existing BPS policies and their methods
for establishing targets, their climate goals, and the time frames set for achieving those goals.
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Table 4.1

Existing BPS Pathways, Goals, and Time Frames

Jurisdiction Target Setting Policy Goal and Time Frame
New York, NY Absolute 40% for covered buildings by 2030, and
(GHGI) 80% by 2050 (City of New York. n.d.)
Washington, D.C. Recalculated 50% reduction in all emissions by 2032,
(ENERGY STAR) relative to 2006 levels (Government of the
District of Columbia 2018)
Boston, MA Absolute 0 GHGI per building by 2050
(GHGI) (City of Boston 2022)
St. Louis, MO Recalculated 80% reduction in all emissions by 2050,
(Site EUI) relative to 2005 levels
(City of St. Louis 2017)
Washington State Recalculated 45% reduction in all emissions by 2030,
(Site EUI) 70% by 2040, and 95% by 2050, relative to
1990 levels (Washington State 2022)
Colorado Undetermined as of the date 7% reduction in sector-wide emissions by

Chula Vista, CA

of publication of this guide

% Improvement

2026, and 20% by 2030, relative to 2021
levels (CEO 2023)

15% reduction in all emissions by 2020 and

(ENERGY STAR / Site EUI)  55% by 2030, relative to 2005 levels (City
of Chula Vista 2021)
Denver, CO Trajectory 0 GHG emissions of commercial and
(Site EUI) multifamily buildings by end of 2040
(City of Denver 2021)
Montgomery County, MD  Trajectory 80% reduction in all emissions by 2027 and
(Site EUI) 100% by 2035, relative to 2005 levels

(Montgomery County 2021)

4.4 Covered Properties

The required compliance path may vary depending on building type. Jurisdictions may require
larger buildings or buildings owned by the local government to comply with BPS first, prior to
expanding the requirements to cover most or all buildings in the jurisdiction. In Washington, D.C.,
for instance, district-owned buildings more than 10,000 ft? must comply with the initial cycle,
whereas privately owned buildings are not required to comply unless they are over 50,000 ft>. This
approach has an advantage in that larger commercial or government buildings more often have the
associated knowledge and resources necessary to evaluate the performance target and plan to meet
it. Larger commercial buildings are more likely to have on-site engineers and more robust operat-
ing budgets, with more insight into how changes might influence building energy use, while gov-
ernment buildings may have access to a larger network of knowledgeable individuals. Starting
with larger buildings may also open up more market opportunities early on, such as firms that
specialize in preparing buildings to meet BPS, which would then be positioned to work with
smaller buildings. Additionally, larger buildings may be better able to withstand the uncertainty
that may surround the rollout of a new policy and its associated enforcement, and a phased
approach could help reduce the burden on the staff administering the new policy.
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A disadvantage of not including all buildings in the initial rollout relates to long-term target
setting for the jurisdiction as a whole: if BPS targets are tied directly to climate policy and specific
carbon-reduction goals, the uncertainty associated with a phased rollout would make it harder to
calculate progress toward those goals. Presumably, meeting targets down the road will require
effort from buildings of nearly all sizes and classifications. If the initial cycle does not result in the
necessary decrease in energy/carbon, more may be required in later cycles, and from spaces that
are less equipped to invest in major changes and that will have less time to meet the targets.

44,1 Exemptions

Some jurisdictions deliberately exclude certain building types from being required to comply
with the BPS due to their unique energy usages or perceived difficulties in meeting the require-
ments. New York City, St. Louis, and Washington State do not require some industrial buildings to
comply with their BPS, and Washington State exempts all residential buildings in the first round of
rulemaking. As mentioned previously, in New York City exceptions are made for rent-controlled
buildings (more than 35% of units) and affordable housing units, as well as places of worship,
allowing them to comply via a prescriptive path instead.

While the exemption approach reduces the burden on those that might have financial or techni-
cal barriers to compliance, it also denies occupants the full benefits of high-performing buildings,
in the case of affordable housing exemptions, or leaves significant energy savings on the table, in
the case of industrial buildings. Instead, establishing programs to assist those with fewer resources
allows those properties to benefit from BPS without placing an undue burden on the owners. Bos-
ton’s Equitable Emissions Investment Fund uses funds obtained via policy enforcement to support
projects benefitting environmental justice populations and affordable housing buildings (City of
Boston 2021), and in Washington, D.C., the Affordable Housing Retrofit Accelerator provides
technical and financial assistance to multifamily affordable housing buildings to aid in compliance
(DCSEU 2022).

4.5 Building Electrification

One of the main drivers of BPS policy adoption is the need to reduce GHG emissions from the
building sector to achieve climate goals. BPS policies can contribute to these reductions by encour-
aging not only a reduction in overall building energy consumption but, when carefully designed, also
the electrification of building systems, which could ultimately lead to the displacement of fossil
fuels. BPS policies are often adopted alongside complementary renewable energy policies that drive
dramatic reductions in the GHGI of electricity in some regions. If reducing GHG emissions is a pri-
mary objective of the BPS, then the impact of different BPS metrics and the integration of electrifica-
tion opportunities are key considerations for developing a BPS policy that simultaneously promotes
building electrification. Chapter 2 provides more details on the impacts of different metrics.

The other key consideration for electrification through a BPS policy is how the policy identi-
fies and leverages other opportunities for decarbonization that may arise during a building’s life
cycle. For example, buildings periodically undertake renovations, retrofits, and major capital
improvements that may be good opportunities for promoting not only decarbonization but also
electrification. These types of opportunities could be highlighted and promoted as part of the BPS
or could be implemented through companion building electrification policies such as bans that
prohibit the installation of new natural gas based equipment in buildings. These gas bans have been
adopted for all new construction in San Francisco, Seattle, New York City, and other jurisdictions,
and some jurisdictions have announced plans to consider regulations prohibiting the replacement
of certain fossil fuel combustion equipment in existing buildings to further drive building electrifi-
cation. Energy and construction codes could also be updated as companion policies to the BPS to
promote the use of electric equipment in new buildings and major renovations if these benefit the
overall goals of the BPS.
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4.6 Alignment with New Construction Codes

Building performance standards are focused on existing buildings. However, for jurisdictions
adopting BPS, it is important to recognize that once a newly constructed or fully renovated build-
ing is occupied, it becomes an existing building that will contribute to the jurisdiction’s overall
energy consumption or emissions, and this should be taken into consideration during the develop-
ment of the BPS. A building’s design and construction or major renovation presents the best
opportunity for owners to create a low-energy and low-carbon asset that can help advance a juris-
diction’s decarbonization goals and minimize energy costs in the long run.

The performance of a newly constructed or renovated building depends on both the energy
design and construction code that was in place at the time of the building’s construction as well as
its operations and maintenance. Over the past few decades, the adoption of increasingly stringent
building energy design and construction codes and standards by states and other jurisdictions has
been one of the most effective policies to improve the energy efficiency of new buildings and
buildings undergoing major renovations. Figure 4.6 shows the rate of improvement in performance
of buildings (based on prototype building energy models) following the prescriptive compliance
path of ANSI/ASHRAE/IES Standard 90.1, Energy Standard for Buildings Except Low-Rise Resi-
dential Buildings (ASHRAE 2019). However, Figure 4.6 also shows that a significant gap remains
between the expected performance of buildings designed to comply with the latest edition of the
standard and a net-zero level of performance that can be offset by on-site renewables such as roof-
top photovoltaics. Figure 4.6 shows modeled performance of prototype buildings following a stan-

Improvement in ASHRAE Standard 90.1 (Year 1975-2019)

Source: Pacific Northwest National Laboratory
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dard, not the metered performance that would be regulated by BPS; however, it is intended to
illustrate how codes can improve building energy performance.

A code’s ability to influence performance ends once a certificate of occupancy is granted,
making it challenging for these policies to regulate buildings in the long term and requiring the use
of alternative policies like BPS. Most energy codes used in the United States today allow for a pre-
scriptive pathway to compliance that is based on certain building components meeting specific
prescriptive requirements rather than estimating how the building performs as a whole. The energy
code community has acknowledged the need to update the existing approaches to building energy
code compliance to help both code enforcers and building owners alike understand how a new
building has the potential to perform after it becomes occupied. The report Roadmap for the
Future of Commercial Energy Codes (Rosenberg et al. 2015) provides a high-level review of code
formats and a vision for next-generation performance-based codes that include building-specific
prescriptive packages. These types of performance-based code compliance pathways require new
building designs to meet predetermined performance targets when compared against a baseline,
and they are gaining increasing traction in industry, with jurisdictions like Washington State and
New York City having adopted such pathways for their local energy code compliance.

One of the challenges of performance-based compliance pathways in energy codes is that
because compliance is determined through a comparison of the proposed design with a baseline
using energy simulation, the building’s actual post-construction performance does not play a role
in compliance. Code-compliant buildings of similar types and in similar climate zones may see
high variation in actual performance after construction because 1) codes allow significant design
flexibilities in HVAC system types, fuel sources, construction materials, and other building charac-
teristics; 2) a significant portion of building energy use is not regulated (e.g., plug and process
loads, hours of use per week, occupancy, etc.); and 3) building operations are not regulated, so
what is used in building simulation for code compliance may not align with the building’s actual
operations. In addition, about 30% of all new code requirements since 2004 are related to building
controls, and successful configuration of those controls is not assured post-construction (Rosen-
berg et al. 2017). While the performance-based approach is useful for standardizing code develop-
ment and enforcement, it ideally should be paired with predictive energy modeling that can
provide an understanding of how the building is going to perform when occupied. To help ease the
transition between new construction and BPS compliance for new buildings, jurisdictions should
thoroughly review their energy codes to better understand how the metrics and targets set by these
codes align with those being used in the BPS.

4.6.1 Metric Selection for Energy Codes and BPS

Performance-based energy codes and BPS policies require buildings to meet a specific perfor-
mance target measured by a preselected metric. Most performance-based compliance pathways
use energy cost as the metric, while BPS typically use an energy consumption (site or source) or
emissions-based metric. Jurisdictions adopting BPS policies should seek to align the metrics being
used in BPS and in existing codes (or codes planned for future adoption) to minimize confusion for
building industry stakeholders and prevent competing priorities that might encourage different
results in performance and detract from the overall goals of the policies.

4.6.2 Target Setting for New Buildings

Although at first glance it may appear that newly built buildings covered by a BPS policy
should be subject to different performance targets than other buildings of the same type, it will be
simpler for most stakeholders if jurisdictions implement a consistent set of targets to 1) facilitate
the target-setting process and the measurement of the impact of the BPS on the building sector,
2) urge consistency across local standards-writing bodies, and 3) simplify enforcement of the BPS,
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especially for jurisdictions with more limited resources for enforcement. Setting different perfor-
mance targets based on building age may have the advantage of decoupling existing building per-
formance from new building performance, but would make the BPS more difficult to track and
enforce.

When developing targets for a BPS policy, the jurisdiction should consider the stringency of
existing new construction and retrofit codes to understand the extent to which recently constructed
buildings will be able to comply with the BPS. For example, jurisdictions where energy codes for
new construction do not exist or are insufficiently stringent may find that newer buildings fall
behind on BPS compliance if the BPS targets are set based on the performance that is technically
feasible for a certain building type. These issues may be especially noticeable in jurisdictions whose
current code is several cycles behind the most recent editions of ASHRAE/IES Standard 90.1
(ASHRAE 2022) or International Energy Conservation Code® (ICC 2021). Even jurisdictions
using the most advanced codes that include performance-based compliance pathways may see
newer buildings fall behind on BPS compliance if the targets used to determine code compliance
do not align with the targets in the BPS. New buildings in jurisdictions with BPS that require a per-
centage improvement over a baseline may also have challenges identifying and implementing
interventions that can achieve the targeted percentage reduction.

To ensure that the BPS targets established are aligned with code, it is recommended that the
target-setting process include close collaboration between the BPS development team and code
development and enforcement officials, who may be able to provide insight into the performance
of new buildings under the existing codes. This collaboration could help ensure alignment in the
following areas:

* Policy goals. Because both the energy code and the BPS serve the same jurisdiction, there
should be coordination in the roles that they play in the jurisdiction’s overall policy goals
(climate action, building sector decarbonization, etc.) and in the plans and expectations for
both in the near term and the long term. If, for example, the BPS use a GHG-based metric
but the code allows like-for-like replacements of fossil fuel burning equipment, the building
may not be able to meet future BPS requirements. Along those lines, methods to address
emergency replacements should also be incorporated into the code when it is next revised.

* Energy code performance. Jurisdictions should evaluate whether buildings being designed
and constructed under the applicable code will be able to comply with the BPS and consider
updates to either the code or the BPS that can align the two. A performance analysis of new
buildings could be conducted using data on new construction building compliance (where
code compliance requires documenting proposed building performance) or using data col-
lected through preexisting benchmarking ordinances, where applicable. This could help the
jurisdiction understand the range of code-compliant new building performance under the
existing codes, local conditions, and building use patterns and identify updates to both the
code and the BPS that could better align the two (presuming the jurisdiction developing the
BPS has the authority to alter the code). Where the data review does not demonstrate align-
ment between code performance and BPS targets, jurisdictions can evaluate code updates
regarding electrification, on-site renewables, or high-performance technology requirements
that can improve the performance of new buildings or examine whether the root cause is a
lack of code compliance or enforcement.

* Consistency in performance assessment. In addition to ensuring alignment in the metric
selection between codes and BPS, the use of consistent calculation methods to assess build-
ing performance in terms of these metrics is essential to the streamlined implementation of
both for new buildings. Examples of calculations that should be aligned include the account-
ing of on-site and off-site renewables, site-to-source energy conversion rates, and emissions
factors to convert from energy use to emissions.
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The alignment of these elements of codes and BPS will help strengthen them both and result in
more achievable targets for newly built buildings. With the implementation of sufficiently stringent
codes, new-construction buildings could be expected to outperform the BPS targets for at least one
compliance cycle, allowing new buildings to focus on operational improvements rather than retro-
fits to continue to improve their performance.

4.6.3 Code and BPS Compliance Considerations

As part of the collaboration between codes and BPS, there is an opportunity for the jurisdiction
to review its code development and adoption cycles and align them with the BPS target adjustment
and compliance cycles (or alternatively, align the BPS cycles with the code cycles). This would
allow the jurisdiction to ensure that future codes are sufficiently stringent such that new buildings
are able to comply with the BPS as targets are adjusted over time or to incorporate other require-
ments such as electrification into the code that, depending on the BPS policy, could help with com-
pliance (again, presuming the jurisdiction has authority over code). Figure 4.7 shows a schematic
of the common overlap between codes and BPS compliance cycles.

In addition, the implementation of a BPS policy will add compliance and reporting require-
ments to existing buildings. Leveraging the information submitted by buildings during their code
compliance process could minimize additional reporting for BPS compliance. Codes may also be
an avenue to implement metering requirements for new buildings that could help in tracking the
appropriate metrics for BPS compliance.

4.6.4 Bridging the Gap Between Codes and BPS

When establishing BPS, jurisdictions should consider that newly constructed buildings that
were built and occupied in the years preceding the BPS development may be compliant with the
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Figure 4.7 Example overlap of codes and BPS compliance cycles, based on a St. Louis

BEPS Compliance Pathways Fact Sheet. (Data Source: City of St. Louis 2022)
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applicable code at the time of the building permit but not with the proposed BPS. Similarly, build-
ings completed between the period when the BPS policy was developed and the first compliance
period may also be noncompliant with the BPS, depending on the construction code they followed,
how well the published targets align with that code, and how the building is operated. Although
close collaboration between code officials and the BPS development team as described in Section
4.6.2 could help identify and address these issues through the target-setting process, educating
building owners on the BPS and providing alternatives for compliance is also crucial to bridging
the gap between code compliance and BPS compliance for new buildings.

To minimize the need for retrofitting newly built buildings, jurisdictions could consider estab-
lishing an initial set of performance targets such that buildings built within a specific period prior
to the implementation of the BPS policy (within five years prior, for example) and within the
period between the policy’s implementation and its first compliance period are compliant with the
BPS. Jurisdictions could also consider providing alternative compliance options for buildings con-
structed during these transitional periods, such as allowing noncompliant buildings to apply for
extensions or recommissioning to try to bring them into compliance. If buildings are still not com-
pliant after these concessions, retrofits may be required.

4.6.5 Training and Outreach

Training and education of building designers is important to bridge the gap between new
buildings and BPS. Informing building owners, designers, operators, and occupants about the need
to comply with multiple BPS cycles (that may have increasingly stringent targets) can help focus
the design process on creating better-performing buildings. It may also be beneficial to educate
building designers and owners on the value and options for building energy simulation during the
design process. Compliance pathways for performance-based codes typically require an energy
model to demonstrate compliance, but these types of models do not always reflect actual building
performance once the building is occupied. A predictive energy model, based on the design and
expected building operation for a typical meteorological year (given variations in weather), can
help building owners understand the future performance of their buildings. This understanding can
inform design and operational decisions to maximize building efficiency.

4.7 Cost and Economic Impact of Implementation

Buildings may require significant investment and upgrades to comply with BPS, with real risk
of whether the investments will deliver the expected (and required) energy or carbon reduction.
Such investments are not exclusively financial; compliance with a BPS policy also requires techni-
cal and staff resources to identify, implement, and manage any necessary building upgrades and to
ensure the building is meeting reporting requirements. The levels of access that building owners
have to these types of resources can vary significantly.

BPS implementation challenges are particularly pronounced for the affordable housing sector.
Energy efficiency investments stemming from BPS compliance would benefit tenants living in
affordable housing, as higher levels of energy efficiency can make units healthier and more com-
fortable for tenants while also reducing costs. However, financial and capacity constraints among
affordable housing building owners and their staff present real challenges to achieving compliance
while keeping units affordable. Nedwick and Ross (2020) lay out many of these challenges. Own-
ers of affordable housing are less likely to have the upfront capital to invest in building energy effi-
ciency improvements. Furthermore, owners of affordable housing and/or their facility staff may
not have the technical know-how to understand and prioritize energy efficiency upgrades. Even
when they do, pressing maintenance and repairs may take priority or prevent staff from exploring
energy efficiency opportunities. In addition, the split incentive—where the owner pays for updates
but the tenant benefits from a lower energy bill—leads to fewer energy efficiency investments in
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renter-occupied buildings. Navigating these financial and capacity constraints and providing the
necessary up-front support are key to ensuring equitable outcomes from BPS. Additional informa-
tion around energy equity, including energy burden, lack of access to capital, and other related
issues is addressed by Hart et al. (2020).

Some building owners point out that it may be impossible for some buildings to meet ambi-
tious BPS that require deep energy or carbon reductions. The level of investment required in some
extreme cases could cost more than the demolition and reconstruction of the building. Therefore,
jurisdictions developing BPS should consider hardship exemptions for buildings in these circum-
stances and provide alternative compliance options that may not necessarily include upgrades for
buildings qualifying for such exemptions. On the other hand, some owners in less extenuating cir-
cumstances may choose to pay a fee rather than perform building upgrades if noncompliance pen-
alties are too lenient. It is critical that the cost of decarbonization efforts be taken into
consideration from both perspectives.
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As discussed in the preceding chapters of this guide, BPS design involves a number of policy
decisions such as the scope of covered buildings, selection of metrics, setting of targets, compli-
ance timelines, and so forth. Each of these decisions impacts the policy’s energy and greenhouse
gas (GHG) reductions, cost-effectiveness, implementation effort, etc. Policy makers and stake-
holders need credible, quantitative information on these impacts to evaluate trade-offs and make
informed decisions on policy design. This chapter describes the technical methods available for
data-driven analysis of BPS policy design choices and their impacts. Note: This chapter provides
considerable detail on analysis methods and is primarily intended for technical stakeholders who
are conducting the data analysis.

5.1 Analysis Objectives and Methods

The first step of BPS analysis is to articulate a set of policy questions that the analysis seeks to
answer. These are driven by the policy-making process and stakeholder concerns specific to each
jurisdiction. The analysis questions should be as specific as possible to appropriately scope and
prioritize analysis tasks and select the appropriate methods. Table 5.1 provides examples of analy-
sis questions for various policy design considerations.

There are a variety of methods available to examine these policy questions. The suitability of
any given method depends on several factors, including data availability, desired accuracy, level of
effort, and expertise required, among others. Broadly, these methods can be categorized as follows:

* Stock models using empirical energy data. These models typically combine tax assessor
data with data on building benchmarking and other measured energy use to determine cur-
rent energy use/emissions and then apply building-level target reductions to determine the
impacts of different policies over time. The key strength of empirical models is that they are
based on measured data from actual buildings. The key limitation is that it is very difficult to
obtain or derive system and end-use data for each building and therefore this method may
not be viable for policy questions requiring detailed system-level data and analyses.

* Building stock energy modeling. These models use basic building characteristics to
develop simulation models to represent individual buildings in the stock, or a representative
sample of them. Assumptions for building-system and component data used in the simula-
tion are based on building age, type, or other basic characteristics. The energy data are then
generated from the simulation model. The key strength of simulation models is that they
allow analysis requiring detailed system characteristics and end-use data. The key limitation
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Table 5.1 Examples of Policy Analysis Questions

Policy Design .
Consideration Example Questions
Current energy/emissions ~ What are the current energy use and emissions of the building stock, broken out by
of the building stock building type, age, floor area, etc.?

What percentage of the emissions are from multifamily buildings greater than

20,000 ft2?

Selection of BPS metrics ~ What is the total emissions reduction from setting site EUI targets corresponding to
and targets and impacts ASHRAE/IES Standard 100?
on the building stock What is the difference between using site EUI versus GHGI on total emissions in 2030
over time and in 20507

What is the impact of exempting hospitality and healthcare building types?

What building types have the greatest potential to reduce the emissions for the building
stock?

What is the impact on cumulative emissions of starting compliance in 2030 versus
20257

What is the impact of setting different targets by age of building?

Impact of electrification What is the impact on total emissions in 2030, 2040, and 2050 of requiring
and a changing grid electrification-on-replacement for space heating and service hot water equipment?
How does an electrification-on-replacement requirement compare to a GHGI
requirement in terms of total emissions reduction?
What is the impact of the changing emission rates of the grid on total emissions?

Alignment with energy How much will code requirements for existing building alterations and additions
codes for new and existing ~ contribute to meeting BPS targets?
buildings When will code-compliant newly constructed buildings be out of compliance with

future BPS targets?

Normalizing building-level How much should targets be adjusted for unusually high or unusually low operating
targets for operating hours and high-energy-use space functions?
conditions How much should targets be adjusted for weather conditions?

Types and levels of energy What percentage of buildings will need to reduce energy use by more than 20%?
efficiency/electrification =~ What bundles of lighting and HVAC measures will achieve targets for retail/office/

retrofits needed to meet hotel buildings?
BPS targets
Cost-effectiveness of What are the expected costs for owners to meet the targets, and how does that vary
building retrofits to meet based on their current level of performance?
BPS targets What is the expected return on investment to meet the targets?
What are the cost-effective measures by covered building type?
Impacts of alternative What are the energy and emissions reductions from a fixed set of prescriptive measures
compliance paths and how do they compare to the performance-based targets?

How much do total stock emissions reductions change if 10% of buildings follow an
alternative compliance path?

Impact on communities Where geographically are the worst-performing and best-performing buildings?
What is the impact on any given neighborhood, town, or city in a single compliance
cycle?
What is the impact on certain community assets (schools, libraries, community centers,
places of worship, etc.)?
Are there neighborhoods with high proportions of disadvantaged or disinvested
populations that need special considerations?

Noncompliance What are the penalties for noncompliance?
Will noncompliant buildings be offered alternative compliance paths?
Will noncompliant buildings be allowed a chance to reevaluate compliance after a set
time period?
What mandatory measures will owners of noncompliant buildings be required to take?

76

© 2023 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Building Performance Standards: A Technical Resource Guide

is that the energy results are simulated rather than actual measured data, although they could
be calibrated to measured data. Additionally, it takes considerable effort to develop and
quality check simulation models and results.

* Prototype building modeling. This method simplifies the building stock to a limited num-
ber of prototypes (e.g. one per building type, climate zone, or age) with detailed design and
operational characteristics, which are intended to be representative of the most popular
buildings of a particular type, size, age, and minimum code-compliant design based on sur-
vey data, minimum code requirements, and engineering judgment. Prototype models cannot
be used to conduct stock analyses but can be used effectively to address certain types of pol-
icy questions that do not require stock-level data. For example, prototype models could help
answer questions related to the energy efficiency measures that are most applicable or cost-
effective for a particular building type. Parametric analysis based on the prototype models
also provides an effective way to study normalization for operating conditions. The key
strengths of prototype building modeling are that the level of effort is relatively low com-
pared with stock analysis, and the analysis process provides more transparency if preexist-
ing prototype models are used.

Section 5.2 describes the data sources and data preparation processes that are applicable to all
three methods, and Section 5.3 describes each method in more detail. Table 5.2 provides a general
sense of the applicability of each of these methods for addressing most of the policy design consid-
erations listed in Table 5.1. In some cases, multiple levels of applicability are listed because the
applicability of the method depends on other factors (e.g., data availability). In these cases, see the
methods’ corresponding tables in Section 5.3 (Table 5.3, 5.4, and 5.5) for more details.

5.2 Data Sources and Tools for Common Analysis

This section describes the data sources and tools that might be useful for common analyses.
For the data and tools required for a particular analysis method, see the subsection corresponding
to that method in Section 5.3.

Table 5.2 Applicability of Methods for Analyzing Policy Design

Stock Model Building Stock  Prototype

Policy Design Consideration with Empirical Energy Building
Energy Data Modeling Modeling

Current energy/emissions of the building stock High /Medium High /Low N/A

Selection of BPS metrics and targets and impacts on ~ High / Medium High / Low N/A

the building stock over time

Impact of electrification and a changing grid High /Medium High N/A

Alignment with energy codes for new and existing Low High High

buildings

Normalizing building-level targets for operating High / N/A High High

conditions

Types and levels of energy efficiency/electrification ~ Medium / N/A  High High

retrofits needed to meet BPS targets

Cost-effectiveness of building retrofits to meet N/A High High

BPS targets

Impacts of alternative compliance paths N/A High Medium

m

© 2023 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Chapter 5  Analysis Methods for BPS Policy Design

9.2.1 Data Sources
5.2.1.1 Benchmarking Data

Benchmarking data include information for each building subject to a jurisdiction’s ordinance
requiring disclosure of energy performance data. Benchmarking data typically include use type,
floor area, and energy use intensity (EUI) for each building. In most cases, annual site EUI and
source EUI are included, and for other jurisdictions, weather-normalized site and source EUIs and
individual fuel use intensities may also be included. Benchmarking data may include other perfor-
mance metrics, such as GHG emissions and ENERGY STAR® score (EPA 2022b). In many juris-
dictions, benchmarking ordinances only apply to large buildings (e.g., those with floor areas over
50,000 ft?), and compliance rates are very high (i.e., the benchmarking data will include nearly all
buildings in the classification specified by the ordinance).

9.2.1.2 Audit Data

Audit data generally contain detailed information about a building’s spaces, systems, and
energy consumption. For example, it might list each individual use type and its corresponding
floor area (e.g., 3000 ft? retail on the ground floor with 70,000 ft*> multifamily on upper floors). It
might also split out energy use by fuels (e.g., electricity, natural gas) and end uses (e.g., HVAC,
lights, plug loads), and the energy data might be monthly or hourly. Audit data often include infor-
mation about individual systems (e.g., heating/cooling system types, ages, efficiencies) and gen-
eral information on building use characteristics (e.g., occupancy, operating hours). While audit
data are rich, relatively few jurisdictions have audit data available, and when they are available,
they are usually only for a small subset of buildings and typically only include large commercial or
multifamily buildings.

9.2.1.3 ENERGY STAR Portfolio Manager Energy Data

Energy data from the ENERGY STAR® Portfolio Manager® (ESPM; EPA 2022a) can be use-
ful if a jurisdiction does not have benchmarking data available or if an analysis method requires
energy data with higher time resolution than annually (e.g., monthly or hourly). These data typi-
cally include site and source energy and may also include individual fuels and individual meters.
The data may be only annual totals but are often monthly or biweekly (depending on the fuel).
ESPM energy data might not be available for as large a proportion of the building stock as bench-
marking data, meaning more energy data imputation may be necessary. ESPM data might only use
the Portfolio Manager ID to identify buildings, so matching records from ESPM energy data to
other data sets (e.g., tax assessor data) might require additional effort.

5.2.1.4 Tax Assessor Data

Tax assessor data are available for most jurisdictions and typically include all buildings in the
jurisdiction. The data generally only include building type and floor area (and other information
not particularly relevant to these analyses). In some jurisdictions, tax assessor data contain infor-
mation on individual units in a building rather than the entire building, so some aggregation may
be necessary to use the data in a building-level analysis. Also, additional effort may be needed to
match buildings in the tax assessor data set with buildings in other data sets (e.g., using addresses).

9.2.1.5  Commercial and Residential Buildings Energy Consumption Survey Data

The Commercial Buildings Energy Consumption Survey (CBECS; EIA 2022) and the Resi-
dential Energy Consumption Survey (RECS; EIA 2020) are data sets that represent the U.S. com-
mercial and residential building stock, respectively. They contain measured data with weights
assigned to each sample indicating the sample’s prevalence in the population. They have detailed
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information on each building sample, including energy consumption by fuel and end use and sys-
tem types and fuels (but not efficiency or age). The end-use data are calculated based on estimated
breakdown assumptions instead of metered data. Since the data are a national sample, only the
subset of the data with the same region and/or climate as the jurisdiction should be used. The ana-
lyst should also take care to properly account for the weight of each sample when including the
sample in the analysis.

5.2.1.6 ComStock and ResStock

ComStock™ and ResStock™ (NREL 2022b, 2022c) contain data resulting from simulations
of a sample of representative buildings derived from the U.S. Department of Energy (DOE) Com-
mercial Reference Buildings models and Prototype Building Models (DOE n.d.-b, DOE n.d.-c.).
Though the data are not real measured data, the results were designed to be representative of the
building stock. The results include energy consumption split out by fuel and end use, and also
include information on systems types, system fuels, and system efficiencies (but not system age).
Only the subset of the data corresponding to the jurisdiction’s region and/or climate should be used
in the analysis.

5.2.1.1 Other Public Data Sources

There are a number of other public data sources available in addition to those mentioned in the
preceding subsections. For example, there are local and regional data sets such as the Commercial
Building Stock Assessment (CBSA; NEEA 2019) in the northwest and the Multifamily Statewide
Baseline Study in the northeast (NYSERDA n.d.). The Building Performance Database (LBNL
2022a) is a crowdsourced database with almost 300,000 commercial buildings. However, some of
these data sources may not be statistically representative of the stock.

5.2.1.8 Field-Based Data

Data on building characteristics such as building geometry, envelope composition, and build-
ing systems (HVAC, lighting and controls, etc.) can be obtained from existing building documenta-
tion, such as code compliance and permit applications, or other field-based studies conducted by a
jurisdiction. These data are unlikely to be readily available and may need to be collected by collab-
orating with and surveying building owners.

5.2.1.9 Site-to-Source Energy Conversion Factors

When computing source energy from individual fuel consumption, site-to-source conversion
factors are needed. Because the factor depends on the generation mix in a region, factors specific
to the jurisdiction should be used. ENERGY STAR is a common source of these conversion factors
(EPA 2020), though not the only source.

5.2.1.10 Greenhouse Gas Emissions Conversion Factors

To compute GHG emissions from individual fuel consumption, GHG emissions conversion
factors (or more commonly GHG emissions factors or just emissions factors) are needed. Emis-
sions factors are location specific due to the generation mix. In addition, they change over time as
the generation mix changes. Because the future generation mix is usually not well known, emis-
sions factors can be assumed to stay the same as current values at least for the near term. Alterna-
tively, projections of future values could be used if the analysis results are likely to be highly
dependent on emissions factors (e.g., for an electrification analysis). Cambium (NREL 2022a) is a
common source for obtaining these factors.
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5.2.2 Data Preparation

This section describes the steps necessary to prepare the data in a data set prior to performing
the analysis.

5.2.2.1 Identifiers

An identifier is a string of letters and/or numbers that uniquely identifies a building. Identifiers
can be tax lot numbers or in some cases a unique identifier assigned by the jurisdiction. Addresses
may be used as identifiers if no other identifier is available, but correctly matching addresses
across data sets can be error prone and cause additional effort. Each data set should be checked to
ensure identifiers are unique within the data set. To combine data from different data sets (e.g.,
benchmarking data with audit data), the analyst must ensure that each of the data sets contains the
same identifier. If a data set contains data at the space or unit level (rather than the building level),
the analyst should make sure the data set includes building-level identifiers.

5.2.2.2 Building Characteristics

Building characteristics include design and operational characteristics such as floor area,
building occupancy category, architectural layout, HVAC system type, and efficiency levels of
various energy equipment and systems, as well as operating hours, occupancy schedules, and con-
trols. Building characteristic data are the most difficult data to obtain and are rarely recorded con-
sistently and comprehensively by cities and government entities. Combining building types into
broader categories that align the building types likely to be used in the BPS policy is recom-
mended. Building types and floor areas should be checked to ensure they are consistent with each
other (e.g., if the data include a hospital that is 1000 ft?, most likely either the building type or
floor area is incorrect). Building characteristics may need to be aggregated to the building level if
they are recorded in the data at the space, unit, or system level (e.g., different use types for differ-
ent parts of a building or different occupancy levels for different units in a large commercial
building). Floor area weighting typically make sense when aggregating, but other variables could
be used.

9.2.2.3 Energy Data

It is important to quality check energy data. There can be errors in energy data (due to, for
example, typos when self-reporting) that should be excluded from the data used for analysis. At a
minimum, values that are abnormally low or abnormally high (based on engineering judgment or
percentiles, or on statistical definitions of outliers) should be excluded. In addition, energy values
can be checked against the building size and type to ensure they are reasonable (e.g., the energy
consumption may seem reasonable, but the EUI may not, or the EUI may be reasonable, but not for
the particular building type). The analyst should also check that the energy data in the particular
year of concern are representative of most years (e.g., that the data did not come from a year with
abnormal weather or strange occupancy patterns due to, for example, a pandemic).

Significant effort may be required to prepare energy data for use in the analysis (which will
generally use annual totals). The analyst may need to aggregate monthly or biweekly data to
annual totals and may need to sum up energy use from multiple meters with the same fuel type.
When energy use data are provided as totals for individual fuels, the analyst may need to add up
multiple fuels (perhaps with weighting factors) to get site EUI, source EUI, or GHG emissions.
Energy data may also be used to compute other relevant energy-related metrics (e.g., the electric
energy to site energy ratio).
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5.2.2.4 Data Imputation

In many cases, the available data will contain information for only a subset of the buildings in
the jurisdiction, or some data fields may be missing (or removed during quality checking) for some
buildings. In these instances, it is recommended that the analyst impute the missing data to make
the analysis easier. For example, benchmarking data may include buildings with a floor area over
50,000 ft2, but the analyst may want to consider policies for all buildings over 20,000 ft2. In this
case, energy data for the 20,000 to 50,000 ft> buildings will need to be imputed. Alternatively,
there might only be audit data available for a small subset of the large commercial buildings sub-
ject to the policy, and systems data for the other buildings will need to be imputed. The amount of
data imputation necessary depends on the particular analysis being conducted (e.g., imputing sys-
tems data might not be necessary for a site-EUI-based analysis).

Data imputation commonly includes filling in missing data for some buildings by sampling
values from a distribution learned from representative buildings that have data available (e.g., fill-
ing in site EUI for office buildings without energy data by sampling from office buildings that have
site EUI data). When sampling from distributions, the analyst should confirm that the distributions
are realistic and reasonable based on statistical reasoning (e.g., does the distribution contain
enough data points? Does it have a strange shape?) and engineering judgment (e.g., is this distribu-
tion expected for this cohort of buildings?). When appropriate (and when the necessary data are
available), it is recommended that the analyst split buildings into smaller, more representative cat-
egories before sampling from distributions (e.g., sampling office-building EUIs from the distribu-
tion for other office buildings rather than the distribution for all commercial buildings). Sampling
from buildings of different sizes can be appropriate if the quantity being sampled does not depend
on size (e.g., EUI) but may not be appropriate for other quantities (e.g., small and large buildings
might not have the same types of systems installed).

Generally, data should be sampled from other buildings within the same jurisdiction (e.g., to
ensure climate is considered), but data from other nearby jurisdictions can sometimes be used (e.g.,
filling in systems information using audit data from a nearby city with similar building ages, types,
etc.). If there are no data for a particular jurisdiction or for similar jurisdictions, data can be imputed
by sampling from national data sets such as the CBECS, the RECS, ComStock, or ResStock (EIA
2022, 2020; NREL 2022b, 2022c¢) (i.e., from the subset of the data set with the same region and/or
climate as the jurisdiction). Finally, if national data sets are not appropriate (e.g., because the juris-
diction is rural and the national data do not include sufficient corresponding data to sample from),
the analyst may use a combination of engineering judgment and/or expert opinion (based on knowl-
edge of local energy codes or typical construction practices) to impute missing data.

5.2.3 Analysis Tools

Graphical user interface based data analysis programs (e.g., Microsoft® Excel®, Tableau) are
good choices for jurisdictions with limited technical expertise or without sufficient funds to train
an analyst to use more advanced tools. Though they are intuitive, these programs are sometimes
lacking in their ability to automate analyses or to perform some statistical operations (e.g., sam-
pling values from a distribution learned from data).

Full-fledged programming languages (e.g., Python, R) are good choices for jurisdictions with
someone who is already proficient in them. They offer full capabilities with respect to analysis
automation and statistical techniques.

For simulation-based methods, the analysis tool needs will depend on the type of simulation
being conducted. For stock model development, the tool needs to have the capability to simulate
and aggregate large quantities of building energy data to produce a stock model. Examples of these
tools include UrbanBEM (Lei et al. 2021), CityBES (LBNL 2022b), and Virtual EPB (ORNL
2022). When modeling prototype buildings for more detailed analyses, whole-building energy
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simulation tools are good choices. While a wide variety of these types of tools is available on the
market, examples of tools that can be accessed at no cost include EnergyPlus (DOE 2022), Open-
Studio (DOE 2023), and eQuest (DOE 2018).

5.3 Analysis Methodologies

5.3.1 Stock Models Using Empirical Energy Data
9.3.1.1 Required Data and Tools

The stock models using empirical energy data method requires a list of covered buildings,
which will typically come from tax assessor data. It also requires data for the performance metric,
which will usually come from benchmarking data, the ESPM, or national data sets like the
CBECS, the RECS, ComStock, or ResStock (EIA 2022, 2020; NREL 2022b, 2022c¢). If the perfor-
mance metric is based on source EUI, site-to-source conversion factors may be needed. If the per-
formance metric is based on GHG emissions, emissions factors may be needed.

The analysis software needs to perform basic data manipulation (filtering, lookups, etc.), cal-
culation (arithmetic, means, percentiles, etc.), and plotting (histograms, scatterplots, etc.). It also
needs to be able to perform the data imputation process (e.g., fitting a distribution to values, then
sampling new values from the fitted distribution).

9.3.1.2  Analysis Method

Figure 5.1 shows a schematic of the general process for developing a stock model using empir-
ical energy data.

The imple-
mentation of the = Building Type, Size, Age - ;
analysis should |[|®—| Taxdatabase 7 7 % -
be made flexible 11717
and easily con- — \
figurable to Energy/Emissions Current Stock
1 lorati Bx data, utility bills Energy/Emiss.
allow exploration Est. via EIA,BPD,...
f ifferent
0 . diffe e ;D] Future Stock
potential policy Energy/Emiss.
deSIgnS' For Asset characteristics | \
example, the Audits, permit data
h Est. via EIA,BPD....
definitions of =R EILEPD, BPS targets
blllldll’lg type scenarios

categories might
not be certain MALLLCKA Schematic of analysis hased on stock models using empiri-
VAR LRIV CE  cal energy data. (Image credit: LBNL)
lyst may want to
run the analysis
for different category definitions and compare the results. Likewise for the performance targets,
the timelines for the compliance periods, which buildings are excluded, and so forth.

The exact method used will depend on the data available and on the policy questions. There
are seven steps for analyzing the impacts of BPS performance metrics and targets with stock mod-
els using empirical energy data:

* Step 1. Select performance metric(s) relevant to the analysis question(s) (see Chapter 2).
* Step 2. Divide the covered buildings into categories that will have the same performance
targets. For example, by building type (or group of building types), by floor area range (e.g.,
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<20,000 ft2, 20,000—50,000 ft2, >50,000 ftz), or by a combination (e.g., most categories are
just by building type, but some building types are split by floor area).

» Step 3. For each category of buildings, compute the distribution of the performance metric
and review it carefully. Note how much performance varies within each category (e.g., a dis-
tribution with long tails could mean some buildings will have to make significant perfor-
mance improvements) and across categories (e.g., if two categories have similar
distributions, perhaps the categories should be combined, making compliance tracking eas-
ier). Figure 5.2 shows an example histogram of site EUI for buildings of a particular type.
There are several buildings whose site EUI is much higher than the majority of buildings;
these buildings might need to make drastic performance improvements.

+ Step 4. Start by
selecting initial
candidates  for
performance tar- 70 4
gets and compli-

mean = 104.0, quartiles = [6.7, 73.7, 108.7]

ance cycle time- 60 1
lines. Perfor-
mance targets
should be

selected using a
combination of
the jurisdiction’s
policy goals and
the performance
distributions for
each category of
building. For
example, if the

overall goal is an - . . A
20% reduction in Figure 5.2 Example histogram showing the distribution of per-

site energy use, formance metrics for buildings in the same category. (Image

one scenario credit: LBNL)
might be four
compliance cycles
with a 20% reduction in site EUI during each cycle. If some categories have significantly
higher energy consumption than others, their targets might be set lower. If some categories
are less likely to be able to meet targets, their targets might be set higher. Several target for-
mats are possible—for example, reducing a metric by a specified amount (e.g., 10 kBtu/ft?)
or particular percentage, reducing a metric to the mean (or a percentile) of the metric for
other buildings in the category, reducing a metric by different amounts or percentages in dif-
ferent cycles (e.g., starting with more easily achievable targets), and various others. Alterna-
tively, in the place of performance targets, a potential policy scenario could dictate that
buildings must take other decarbonization measures (increasing electric/site ratio, electrify-
ing space or water heating equipment, etc.).

» Step 5. For the initial candidate performance targets and compliance cycles, construct a
model that computes the energy consumption of each fuel for each building in each year
from the current year until the end of the planned policy period (e.g., from 2025 to 2050). It
is important to keep track of consumption of individual fuels because many common met-
rics (e.g., site EUI, source EUI, GHGI) are calculated from them. Also, some targets based
on decarbonization might require individual fuel consumption. In some cases, the model

Number of Buildings (246 total)

0 100 200 300 400 500 600 700
Site EUI (kBtu/sqft)
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will be simple: If the policy dictates a 10% reduction in site EUI in each cycle, and assum-
ing site EUI reductions maintain fuel/site ratios, then computing the fuel reduction in the
next year is a simple multiplication of 10% by the fuel use in the previous year. Some mod-
els can be more complex: if the target is based on greenhouse gas intensity (GHGI) and the
grid emissions factors are changing over time (e.g., according to a Cambium model), then
fuel/site ratios might change over time as well, and computing the fuel use in the next year is
not as trivial. Similarly, if modeling a policy requires electrification of equipment, comput-
ing the next year’s fuel use might depend on the age and efficiency of individual pieces of
equipment, the building’s fuel/site ratios, and the current year (e.g., because the new equip-
ment’s efficiency will depend on it); the model might also need to keep track of the systems
currently installed in each building and their ages, efficiencies, and other relevant character-
istics. In addition, some models might incorporate the idea that some buildings will fail to
meet performance targets (e.g., if the necessary reductions are unrealistically high) or that
different buildings might reduce their performance metrics at different times within the
compliance period (e.g., some buildings might split the reduction equally from year to year,
while some might have no reductions for a few years then larger reductions at the end of the

cycle).

* Step 6. Exercise ol
the model to com- - 100
pute  individual %
fuel use for each 50 -
building in each |4 80

o~

year  of  the S 404 L70
planned  policy = S
period, then ana- |§ - 60 §
lyze the results. é 30 1 o S
Depending on the |< s
policy objectives, | . (40 2
different analyses |¢ L350 ¢
will be more use- | *
ful. For example, 10 - 15k-25k ft? 20
if the policy goals S— 25k'50k2ft2 L 10
are simply to o =adkit .
reduce emissions, 2025 2030 2035 2040 2045
start by plotting

total emissions for
R Bl Figure 5.3  Example plot of emissions reductions over time, bro-
DEENE R CENLE ken out by floor area range. (Image credit: LBNL)

check whether the
emissions targets
are met. Check for higher or lower reductions early or late in the policy period (which might
suggest changing targets in some cycles) or for long periods with no reductions (which
might indicate some buildings have saved as much as they can). Also look at the amount of
energy or emissions reductions due to each building category, each building type, each floor
area, etc. For example, Figure 5.3 shows emissions reductions of the building stock broken
out by floor area range. If some categories are reducing much more than others (relative to
their initial consumption), it may mean their targets are set too low. If the analysis includes
targets of multiple metrics (e.g., both site EUI and GHGI), then determine how much of the
reductions are due to each policy (e.g., to see if maybe only one policy is necessary, or if one
policy could be applied only to some buildings). To understand whether the reductions dic-
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tated by the policy are realistically achievable by buildings, it is recommended that the dis-
tributions across buildings of the reductions in each year, or in particular years with large
reductions, be analyzed (e.g., if the model predicts many buildings will need to achieve
large annual savings, the policy may need less stringent targets).

* Step 7. Iterate

the steps of &
selecting per- - 100
formance tar- | 55
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compliance 5 - 80
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0
recommended 2025 2030 2035 2040 2045
that the model year
be run with

CHECS VN Figure 5.4  Example plot of emissions reductions due to different
potential policy implementations (electrification of space heating

icy scenarios
ﬁﬂi(ﬂfp;fjﬁlfj only, of water heating only, and of both). (Image credit: LBNL)
help  under-
stand the trade-
offs between, e.g., more stringent targets, the numbers and types of buildings needing to save
the most, the resulting energy use and emissions (both by categories of buildings and by all
the covered buildings combined), and the extent to which policy goals are met. As an exam-
ple, Figure 5.4 shows the stock emissions reductions over time for scenarios corresponding
to three potential policy implementations (with different scopes for an electrification require-
ment). Policy makers need to weigh the costs and benefits of each potential policy implemen-
tation based on these impacts and decide on the best policy for their jurisdiction.

5.3.1.3 Applicability to Policy Considerations

Table 5.3 describes the caveats and considerations to take into account when using the stock
models with empirical energy data method to analyze BPS policy questions.

5.3.1.4 Example Applications

Some examples of jurisdictions that applied the stock models using empirical energy data
method to analyze their BPS policy questions follow.

*  Washington, D.C. The analysis used tax assessor data, benchmarking data, and the Build-
ing Performance Database (LBNL 2022a) to determine the distributions of building types
and sizes, site and source EUls, GHG emissions, and ENERGY STAR score. The analysis
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Table 5.3  Applicability of Stock Models Using Empirical Energy Data

to BPS Policy Considerations

Policy Consideration Applicability Caveats and Considerations
Current energy/emissions of the High Especially well suited for jurisdictions with
building stock benchmarking data. If imputing data from other

sources, applicability is medium.

Selection of BPS metrics and High Especially well suited for jurisdictions with
targets and impacts on the benchmarking data. If imputing data from other
building stock over time sources, applicability is medium.

Impact of electrification and a High High applicability if relevant system

changing grid characteristics data are available from audit data or

other sources. If such data are not available and
EUI assumptions must be used, applicability is

medium.
Alignment with energy codes for  Low Performance metrics for new construction would
new and existing buildings need to be derived separately to compare to BPS
targets.
Normalizing building-level targets High High applicability if data are available for
for operating conditions normalizing variables, N/A if not.
Types and levels of energy Medium Medium applicability if system characteristics data
efficiency/electrification retrofits are available or can be imputed, N/A if not.

needed to meet BPS targets

Cost-effectiveness of building N/A
retrofits to meet BPS targets

Impacts of alternative N/A
compliance paths

predicted the energy and emissions savings due to requiring buildings to meet several poten-
tial ENERGY STAR score targets. The analysis helped Washington, D.C., choose the scope
of their BPS (i.e., which floor area ranges of buildings) and the BPS targets (i.e., which per-
centile of ENERGY STAR score) appropriate for their policy goals (Bergfeld et al. 2020).

» Seattle, WA. The analysis used tax assessor and benchmarking data to understand the city’s
building stock and energy consumption. It predicted energy and emissions reductions due to
several potential policy implementations, including scope (which building sizes and types),
timing (delayed implementation), and targets (amount of GHG reduction required). The
analysis helped Seattle understand the impacts of their policy and how it interacted with
other policies already in place (building tune-ups, Washington State BPS) (Walter and
Mathew 2021).

* Aspen, CO. The analysis used tax assessor data to construct a model of the building stock
and used the CBECS and the RECS to impute energy data (since measured data were not
available). It predicted emissions savings due to various EUI and GHGI targets as well as
electrification with various efficiencies. The analysis helped Aspen predict the impact of
building type exemptions and the relationship between efficiency and electrification policies
and current and future grid emissions factors (Walter et al. 2022).

* Berkeley, CA. The analysis used tax assessor, benchmarking, and audit data from Berkeley
and a nearby city to build a model of the building stock and its energy use. The analysis used
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the End-Use Load Profiles for the U.S. Building Stock data set from the National Renew-
able Energy Laboratory (NREL 2021) to model the systems installed in buildings. Emis-
sions reductions due to electrifying equipment at the time of replacement were modeled.
The analysis helped Berkeley understand the effects of subjecting different end uses to the
replacement policy, new equipment efficiencies, and how an electrification by replacement
compares to a setting-gas-use target (Walter et al. 2022).

5.3.2 Building Stock Energy Modeling
5.3.2.1 Required Data and Tools

The building stock energy modeling method requires basic information about the buildings to
be modeled, including building type, location, size, and year of construction, which typically can
be obtained from tax assessor data. The information does not have to be limited exclusively to
covered buildings because a simulation-based stock model method can be developed for the entire
building stock and support policy questions such as the selection of covered buildings. Although a
simulation model could be developed using basic building information, additional data on build-
ing characteristics, systems, internal loads, and operating hours are required to enhance the accu-
racy of the resulting stock model. The data can include geometric data, such as the building’s
aspect ratio or window-to-wall ratio; envelope characteristics (e.g., exterior wall and roof insula-
tion R-values, fenestration U-value and solar heat gain coefficient); and information on lighting,
plug loads, HVAC, and hot-water systems (e.g., lighting power density, plug-load density, HVAC
system type and efficiency). Detailed data are unlikely to be available for every building included
in the model, and assumptions will likely be required to fill data gaps.

The analysis software used in this method needs to be able to accept the building characteris-
tics as input for the simulation and model all the fuels and performance metrics that will be tracked
by the BPS. Once the stock model is developed, additional software may be needed, as in the case
of the empirical-based method, to allow for data manipulation, calculation, and plotting.

5.3.2.2 Analysis Method

Figure 5.5 shows a schematic of the general process for developing and leveraging a stock
model using simulation. This method requires data collection, model input generation, and model
development with calibration and validation where applicable. Once the stock model has been
developed, the results can be used in various applications. There are three steps for analyzing the
impacts of BPS performance metrics and targets using building stock energy modeling:

+ Step 1. Collect the data described in Section 5.3.2.1 for individual building samples. In
some cases, preexisting databases do not provide data for all buildings in a particular geo-
graphic area; instead, the data for typical building samples are collected and the weight for
each sample is provided. The definition of weight varies by data source; hence, it is neces-
sary to check the definition of weight in the selected data source and understand how to
properly use it. For example, the 2018 CBECS provides 6436 building samples with their
weights (EIA 2022)—by using the energy data provided in the database and their weights, it
is possible to obtain the distribution of energy consumption in the commercial buildings in
the United States. For jurisdictions not leveraging existing data sources for their analysis, a
data collection process that focuses on a subset of buildings and gathers the distribution
weights could help facilitate the analysis.

* Step 2. Once data have been collected, they has to be cleaned and converted into model inputs.
For example, data sources may not contain building operation schedules in an hourly format
that can easily be used in a simulation tool. Thus, a conversion method needs to be developed
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Figure 5.5 Schematic of analysis using building stock energy modeling. (Image credit:

PNNL)

to get hourly operation schedules based on some simple operation information, such as
weekly occupied hours. Similar conversions may be required to fill in any missing data.

+ Step 3. After determining the inputs, the next step is to use simulation software to develop
the models for the building stock. Because this method requires creating and evaluating
models for individual buildings and aggregating the results, the software tool needs to be
able to conduct large-scale simulation and analysis. Examples of such a tool include
UrbanBEM (Lei et al. 2021), CityBES (LBNL 2022b), and Virtual EPB (ORNL 2022).
While the specific input requirements, modeling approach, and outputs of these tools vary,
they all generally follow four steps: 1) input preprocessing, 2) model generation, 3) model
simulation, and 4) simulation results aggregation. Some tools use a modular approach that
can be customized (with limitations) to produce the desired results. The tool used should be
capable of generating results for each fuel use at an appropriate level of granularity that
allows the model to be used to answer the jurisdiction’s policy questions.

The quality of the model results largely depends on the quality of the input data and the extent
to which the model can be calibrated to represent actual building fuel consumption. Wherever pos-
sible, models should be evaluated and calibrated using existing building energy data. There are
various methods to calibrate building stock models using energy-related data in data sources, such
as the pattern-based method and the auto-tuning method. For example, if monthly utility bill data
for individual building samples are available, the pattern-based method may be a good candidate
and a special calibration strategy may be used for each pattern category of monthly energy uses.

5.3.2.3 Applicability to Policy Considerations

Once the stock model has been created and, where applicable, calibrated, it can answer spe-
cific policy questions using a similar approach to a model developed from empirical data. The
applicability of this method to particular policy questions depends on the accuracy and fidelity of
the inputs used to develop the model. For example, if the model was calibrated using existing
building performance data, it will better represent the performance of those types of buildings in
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Table 5.4 Applicability of Building Stock Energy Modeling to BPS Policy Considerations

Policy Design Consideration Applicability Caveats and Considerations
Current energy/emissions of the  High Applicability is highest if the model is calibrated;
building stock otherwise, the results may not be aligned with the
actual building conditions and the applicability is low.
Selection of BPS metrics and High Applicability is highest if the model is calibrated;
targets and impacts on the otherwise, the results may not be aligned with the
building stock over time actual building conditions and the applicability is low.
Impact of electrification and a High Can be conducted with or without relevant system
changing grid characteristics from audit data or other sources but
applicability is higher when such data are available.
Alignment with energy codes for High Highly applicable to analysis of new building
new and existing buildings performance outcomes under different codes and
standards and how those outcomes align with
the BPS.
Normalizing building-level High Highly applicable whether data for normalizing
targets for operating conditions variables are available or not, since simulation can be

used to parametrically vary input parameters and
evaluate building performance under different

conditions.
Types and levels of energy High Highly applicable whether system characteristics data
efficiency/electrification retrofits are available or not, since simulation can be used to
needed to meet BPS targets model the impact of different technology mixes on the
building stock.
Cost-effectiveness of building High Useful for cost-effectiveness analysis at the stock
retrofits to meet BPS targets level, but more detailed analysis can also be done
through building-level (by type) simulation.
Impacts of alternative High Simulation can be used to model the impact of
compliance paths prescriptive measures for specific building types and

to identify the package of measures that is best aligned
with the jurisdiction’s goals.

the stock and can be used with higher confidence to answer questions about energy or emissions of
particular building subsets.

Table 5.4 describes the caveats and considerations to take into account when applying the
building stock energy modeling method to analyze BPS policy questions.

5.3.24 Example Applications

An example of how modeling can be used to address the impacts of electrification is a study
done in collaboration with the City of San Francisco (Hong et al. 2022). In this study, two districts
dominated by commercial buildings (the Design District and Fisherman’s Wharf) were selected to
study how building electrification at the district scale influences annual building energy use and
peak electric demand, as well as how energy efficiency retrofits can complement electrification to
mitigate changes to peak electric demand, meeting policy objectives within the capacity of exist-
ing energy infrastructure serving the districts. CityBES was used to create EnergyPlus-based
energy models for the various types of buildings in these districts. The baseline models are auto-
matically calibrated with available and valid monthly utility bill data.
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The electrification scenario shows that annual carbon dioxide (CO,) emissions are reduced by
37% in the Design District and by 46% in Fisherman’s Wharf. Most important to this study, Fish-
erman’s Wharf shows a 109 kW (7.4%) increase in peak electric demand when buildings are elec-
trified without other efficiency measures. The efficiency-only scenario shows that annual CO,
emissions are reduced by 39% in the Design District and by 22% in Fisherman’s Wharf. The com-
bined scenario shows that annual CO, emissions are reduced significantly for the Design District
(64%) and Fisherman’s Wharf (63%).

The analysis shows that electrification of small and medium commercial buildings at district
scale tends to increase electricity use and has varying effects on peak electric demand, which may
in some cases exceed the capacity of the local power grid (the line segments or feeders or banks).
However, such increases depend on the composition of building types in the district and may be
offset by higher-efficiency equipment for cooking, space conditioning, and commercial laundry as
well as building efficiency measures that reduce heating and cooling load and hot water use. Elec-
trification may shift the time (e.g., from summer to winter) when the peak electric demand occurs
for individual buildings or entire districts, especially for baseline buildings with heavy gas use for
space heating during winter.

9.3.3 Prototype Building Modeling
9.3.3.1 Required Data and Tools

The prototype building modeling simulations are not expected to represent the entire building
stock but rather a set of representative building samples, which will be subject to the BPS policy. A
prototype model, like a model for a real building, needs a lot of design and operational details as its
model inputs. Analysts choose the prototype method often because they already have a set of pre-
existing prototype models from other studies, for example, the DOE Prototype Building Models
(DOE. n.d.-c). When creating the prototype building models from scratch or when modifying pre-
existing ones for BPS analyses, the analyst should have a clear purpose. For example, one analysis
may need the prototype to represent a typical 30-year-old primary school to understand whether
retrocommissioning or retrofits would help the building meet the BPS target and whether the pack-
ages are cost-effective for the building owner. Once the purpose is determined, limited data collec-
tion and engineering judgment can be used to make the model input decisions. Survey data such as
that from the CBECS and the RECS (EIA 2022, 2020), if available, can help to verify that model
inputs are within the range of the building type—for example, data like the range of the window-
to-wall ratio, the envelope insulation level, and the popular types of HVAC systems and fuel types.
The range of real building performance data is also helpful for determining whether the simulated
prototype model results are reasonable. ASHRAE Research Project RP-1771 (Zuo and Wang
2022) is an example of prototype building modeling analysis that collect various data to verify the
prototype simulation results.

9.3.3.2 Analysis Method

There are two steps for analyzing the impacts of BPS performance metrics and targets using
prototype building modeling:

» Step 1. Using the data and preexisting prototypes as a starting point, the first step is to estab-
lish the baseline prototypes. The prototype building types and ages selected should ade-
quately represent the typical buildings covered by the BPS policy. Decisions need to be
made regarding whether to include the prototype’s architectural design aspects, such as
geometry and thermal zoning, energy systems and components (envelope, interior and exte-
rior lighting, plug and process equipment, HVAC, and service water heating), occupancy,
and system operation and controls. As the analysis purpose expands, the model inputs may
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change with more details, and one set of baselines can be expanded to include another base-
line for a different HVAC system type. The analysis should be well documented to include
how the model characteristics and inputs were determined and what they represent.

+ Step 2. Once the baseline prototypes are established, parametric analysis is often used to
evaluate the impacts of technology changes and policy on the building performance, mea-
sured in different energy metrics. From the building owner’s perspective, the detailed proto-
type models allow measure package analysis and cost-effectiveness analysis to determine
the feasibility of BPS implementation pathways and their impacts on the typical buildings.
This approach has been adopted by analysts and researchers for policy analysis of building
energy codes or technology evaluations and has been used for many years since the develop-
ment of building energy modeling technology. Therefore, many research consultants and
analysts can use their analysis skills to understand the simulation results.

When working with prototype models, the analysis can be expanded by leveraging parametric
scripting approaches. The models and their results should be organized through some pre- and
post-processing steps that help the analysts and BPS program managers communicate and visual-
ize the results.

5.3.3.3 Applicability to Policy Considerations

Once the baseline prototype models are developed and verified by comparing the results with
sample building measurements, the modeling analysis can provide many insights into the impacts
of the BPS policy designs on the buildings. A unique benefit of the prototype model approach is
that it allows the study of BPS and code alignment. By pairing preexisting code-compliant models
with existing-building models developed through the prototype approach, a comparison between
the two model sets can show the performance gap between existing buildings and new construc-
tion. Parametric analyses of the prototype models can also address some BPS policy consider-
ations, such as generating normalization formulas from sensitivity analysis of operational
parameters. Table 5.5 shows the applicability of the prototype building modeling to BPS policy
considerations.

5.3.3.4 Example Applications

The City of Vancouver in British Columbia, Canada, used statistical analysis and energy mod-
eling to derive distributions of energy performance, as well as energy and carbon savings, across
5 building types, 48 archetypes, and 10 decarbonization packages. The analysis also included life-
cycle cost modeling and citywide emissions modeling, showing cost impacts and trajectories that
incrementally drive deeper savings (Duer-Balkind et al. 2022).

DOE’s Commercial Reference Buildings (DOE. n.d.-b) are frequently used to simulate energy
savings associated with changes in energy codes and standards, particularly as it concerns the cost-
effectiveness of proposed code changes (Hart and Liu 2015). In addition, the Commercial Refer-
ence Buildings have been used to support the development of the Advanced Energy Design Guides
(AEDGs; ASHRAE n.d.), which provide recommendations for different building types to achieve
30% or 50% savings over the minimum requirements of ANSI/ASHRAE/IES Standard 90.1-2004.
The AEDGs also cover how to design net zero energy multifamily buildings, K-12 schools, or
small to medium office buildings.

DOE’s Advanced Energy Retrofit Guides (AERGs; DOE n.d.-a) were created to help building
owners and decision makers identify and implement retrofits to their buildings. These guides pro-
vide guidance on the most common retrofits for each building type and include comprehensive
information on how to calculate retrofit cost-effectiveness. AERGs exist for five building types:
office buildings, retail buildings, grocery stores, K-12 schools, and healthcare facilities. Two Pro-
totype Building Models (DOE. n.d.-c) and three Commercial Reference Buildings (DOE. n.d.-b)
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Table 5.5 Applicability of Prototype Building Modeling to BPS Policy Considerations

Policy Design Consideration Applicability  Caveats and Considerations
Current energy/emissions of the N/A

building stock

Selection of BPS metrics and N/A

targets and impacts on the
building stock over time

Impact of electrification and a N/A

changing grid

Alignment with energy codes for ~ High Highly applicable for evaluating prototype

new and existing buildings buildings meeting current new construction codes
as well as projected future codes.

Normalizing building-level targets High Highly applicable for detailed analysis of variables

for operating conditions impacting normalization in a given building
prototype.

Types and levels of energy High Highly applicable for evaluating the detailed and

efficiency/electrification retrofits specific benefits of energy efficiency measures and

needed to meet BPS targets electrification technology on a given building
prototype.

Cost-effectiveness of building High Highly applicable for evaluating retrofit costs and

retrofits to meet BPS targets energy savings in a given building type because the
characteristics of the prototypes are well defined.

Impacts of alternative Medium Medium applicability for evaluating scenarios for

compliance paths alternative compliance paths, such as prescriptive

retrofit packages for a given building type.

were selected to conduct cost-effectiveness studies for existing building energy retrofits as part of
AERG development. The study included both standard and deep-retrofit measures in five cities:
Miami, Las Vegas, Seattle, Chicago, and Duluth.
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Understanding Building Performance Standards

Building performance standards (BPS) are an important policy tool for jurisdictions looking to reduce the operational
greenhouse gas emissions of their built environments to meet climate commitments. BPS aim to regulate and reduce
the climate impact of existing buildings by establishing increasingly stringent targets that require buildings to improve
performance throughout their lifetime. BPS also can contribute to decarbonization by regulating building operational
performance and by actively seeking alignment with other policies in the jurisdiction, such as construction codes and
policies encouraging decarbonization of the electrical grid.

This guide—the first in a series developed by the ASHRAE Task Force for Building Decarbonization—provides a technical
basis for policy makers, building owners, facility managers, design professionals, and other stakeholders interested in
developing and implementing BPS. It is also a useful resource for engineers and other technical specialists who need to
understand the ramifications of BPS on individual buildings or building portfolios.

More comprehensive than previously published documents on BPS, this guide provides deeper technical information on
several topics. This content

 explains the variety of options for BPS metrics and some of the key issues in metric selection,

» provides high-level descriptions of the various approaches for setting BPS performance targets,

» outlines major considerations for policy makers developing and adopting BPS, and

» provides methods for analyzing and understanding the influence of policy scope, metric selection, target setting,
and other policy questions on BPS and understanding their influence on the policy.

The focus of this guide is larger buildings, in the scope of ASHRAE'’s standards that cover buildings other than low-rise
residential buildings, and North America, where BPS are already in place in several states and cities.
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