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A B S T R A C T

In an effort to decarbonize the built environment, municipalities across the United States are join-
ing the National Building Performance Standard Coalition. The National Building Performance
Standard Coalition is an effort by the United States federal government to encourage cities to de-
sign and implement effective and equitable building performance standards. A building perfor-
mance standard is an energy policy that requires buildings to meet energy use or greenhouse gas
emissions targets in effort to reduce the carbon intensity of buildings. In this paper, we examine
the impact of implementing various building performance standards for commercial buildings in
15 cities and one county in the United States from 2024 to 2050. We first estimate the emission
reductions associated from a null case (no building performance standard). Next, we implement
two building performance standards: (1) an annual greenhouse gas emissions target and (2) a
peak grid load flexibility requirement. Lastly, we combine the two to assess the potential impact
of an integrated energy and demand building performance standard. We find that individually a
load flexibility building performance standard does not contribute to significant emissions reduc-
tions but when paired with a greenhouse gas building performance standard it leads to a com-
bined 89% reduction (a cumulative savings of 189 MMtCO2e) across commercial buildings in the
15 cities and one county analyzed. This potential reduction represents a massive decarbonization
scenario that far exceeds a 2050 80% decarbonization target and points to feasible policy path-
ways for meeting climate and sustainability goals.

1. Introduction
In the United States the building sector is responsible for 40% of greenhouse gas (GHG) emissions [1]. In response to the high car-

bon intensity of the built environment, municipalities across the United States are adopting Building Performance Standards (BPS)
[2]. A BPS is an energy policy that aims to limit GHG-emissions of the built environment by mandating building to perform at or be-
low a certain energy use intensity or GHG-emission limit. BPSs are akin to building benchmarking mandates (an energy policy pack-
age popularized in the United States in the 2010s) [3]. BPSs go further than benchmarking mandates as the latter ranks the energy ef-
ficiency of a building to its peers while the former prescribes a level of performance a building must achieve.

Benchmarking has proven to be a successful market mechanism towards decarbonization [4]. In 2009 New York City passed the
Greener Greater Building Plan, a first-of-its-kind policy package [5]. The Greener Greater Building Plan includes Local Law (LL) 84, LL84
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Fig. 3. Scenario 2 and 3 reduction by city.

duce the financial burden of GHG-emissions reductions through low-interest loans for retrofits. For example, in New York City Prop-
erty Assessed Clean Energy (PACE) provides fixed-rate loans for energy efficiency upgrades and is a tool for buildings to meet LL97
targets [56]. PACE financing is not unique for New York City and complementary programs exist at the state-level across the country
[57].

Our model assumes a linear reduction GHG-emissions or increase in load shedding and shifting. We model the future building
stock based on existing buildings in 2019 and do not account for changes to the building stock via new construction and/or demoli-
tion of existing buildings. Future work should consider utilizing projected hourly GHG-emissions factors if data is available in addi-
tion to modeling the building stock as non-static. However, this work still provides a first-of-its-kind comprehensive assessment of the
potential for BPS policies and potential synergistic effects of peak load grid flexibility requirements.

Additionally, our work aims to perform our analysis at scale and thus does not consider individual nuances to each city in respect
to building stock and policy challenges. We utilize individual data for each city but base our GHG-emissions reduction goals off of
New York City's LL97, which maybe more ambitious than other municipalities. However, our approach provides an upper bound esti-
mate of potential emissions reductions given the aggressive emission reduction goals adopted from New York City.

6. Conclusion and implications
In response to the growing legislative support for the enactment of BPSs, this paper evaluates the emissions reductions that may be

associated with best-case-scenario BPSs for commercial buildings in 15 cities and one county across the United States from 2024 to
2050. Our paper models emissions reductions without a building performance standard (null scenario), an annual greenhouse gas
emissions target (Scenario 1), a novel peak grid load flexibility requirement (Scenario 2), and an integrated energy and demand build-
ing performance standard (Scenario 3). We utilize a mixture of real urban energy data from benchmarking disclosure ordinances (Sce-
nario 1 and 3) and urban stock model data (Scenario 2). Our results find that if cities adopt ambitious BPSs emission reduction poli-
cies they can exceed 2050 decarbonization targets. We find that an integrated emissions and demand flexibility policy (Scenario 3)
can save a cumulative 189 MMtCO2e across 10,000 large commercial buildings.

Our research described above provides an analysis of what GHG-emissions reductions may occur from widespread BPSs. We ex-
tend on existing literature from analyzing a load flexibility BPS to address the need for load flexibility in addition to energy efficiency.
This work provides a projection of GHG-emissions reductions under ideal conditions and therefore cannot improve BPSs alone. How-
ever, the information gained from this analysis can be considered in designing BPSs and facilitating widespread adoption by cities
across the United States and globally. A potential barrier to implementing a BPS as described in Scenario 3 (and Scenario 2) is a lack
of robust research and modeling mechanisms on the potential of demand-flexibility as a grid-resource. Policy makers must allocate
funding for research and development of load flexible BPSs as they are likely to provide synergistic benefits and may provide alterna-
tive pathways for building decarbonization. Although the additional GHG-emissions reductions are minimal compared to the GHG-
emission reductions found in Scenario 1, the need for flexible electric loads will increase in importance over the next three decades as
intermittent renewable penetration grows.

Overall, this work contributes to the growing body of literature at the intersection of building decarbonization and sustainable en-
ergy policy. BPSs can complement a wide variety of building energy policies such as electrification mandates, next-generation energy
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