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Executive Summary 
The goal of this work is to develop energy efficiency, demand flexibility, and other retrofit end-

use load shapes (electricity, gas, propane, or fuel oil) that cover a majority of the high-impact, 

market-ready (or nearly market-ready) measures. “Measure” is another name for an upgrade or 

retrofit that can be applied to a building. 

An “end-use savings shape” is the difference in energy consumption between a baseline building 

and a building with an energy efficiency, demand flexibility, or other retrofit measure applied. It 

results in a time-series profile that is broken down by end use and fuel (electricity or on-site gas, 

propane, or fuel oil use) at each time step.  

ResStock™ is a highly granular, physics-based, bottom-up model that uses multiple data 

sources, statistical sampling methods, and advanced building energy simulations to estimate the 

annual subhourly energy consumption of the residential building stock across the United States. 

The baseline model intends to represent the U.S. residential building stock as it existed in 2018. 

Technical documentation for the inputs and assumptions in the baseline building stock model is 

available in Reyna et al. (2025). Calibration and validation of the baseline model results are 

available in the final technical report of the End-Use Load Profiles project (Wilson et al. 2022). 

This documentation focuses on a single end-use savings shape upgrade—“Reference Space 

Heating and Air Conditioning Upgrade Circa 2025.” This upgrade replaces space heating and 

cooling equipment in homes with existing ductwork with units that meet minimum efficiency 

standards reflective of circa-2025 requirements. 
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ResStock 2025 Release 1 Measure Documentation: 
Reference Space Heating and Air Conditioning 
Upgrade Circa 2025 

Accessing Results 
This documentation covers the “Reference Space Heating and Air Conditioning Upgrade Circa 

2025” measure upgrade methodology and briefly discusses key results. All results can be 

accessed on the ResStock™ Open Energy Data Initiative “End-Use Load Profiles for the U.S. 

Building Stock” data lake and on the Data Viewer at resstock.nlr.gov.  

Upgrade Summary 

Measure Title Reference Space Heating and Air Conditioning Upgrade Circa 2025 

Measure 
Definition 

This upgrade replaces space heating and cooling equipment in homes with existing 
ductwork with units that meet minimum efficiency standards reflective of circa-2025 
requirements. It includes:  

• Replacement of ducted fuel furnaces with a minimum of 80%–83% AFUE (92.5% 
AFUE for like-for-like replacements at higher efficiency). 

• Replacement of air-source heat pumps with equipment rated at 14.3 SEER2 and 
7.5 HSPF2. 

• Replacement of central air conditioners (ACs) with units rated at 14.3 SEER2 in the 
South region and 13.4 SEER2 in the North region, with higher efficiency 
replacements (e.g., SEER2 15) applied where applicable. 

• Replacement of ducted electric resistance furnaces with baseline 100% efficiency 
electric options for costing consistency. 

 
In homes that have existing ductwork that is used for air conditioning but not heating, 
the non-ducted heating systems are also replaced: 

• Replacement of fuel boilers with a minimum of 80%–83% AFUE (90% AFUE for 
like-for-like replacements at higher efficiency). 

• Replacement of non-ducted electric resistance heating systems (boiler, baseboard, 
wall furnace) with baseline 100% efficiency electric options for costing consistency. 

In homes that have existing ductwork that is used for heating but not central air 
conditioning, the non-ducted air conditioning systems are also replaced: 

• Replacement of room ACs with models meeting an EER of 12.0. 

Applicability This upgrade applies to all dwelling units that have existing ductwork and a heating fuel 
that is natural gas, electricity, fuel oil, or propane. For consistency with other upgrades, 
it excludes any homes that do not have existing ductwork, do not use heating, or that 
heat with wood. It applies to about 5% of homes that have non-ducted heating (electric 
resistance baseboard, boilers, or wall/floor furnaces) but have ducts used for air 
conditioning. This includes a small number (<1%) of multifamily dwelling units that have 
a whole-building shared heating system but that have individual ducted air conditioning 
systems serving each unit. It covers a wide range of heating technologies (furnaces, 
boilers, electric resistance) and cooling technologies (central AC, heat pumps, room 
ACs). 

With these applicability constraints, the measure upgrade applies to 75.2% of the 
existing dwelling units. 

https://resstock.nlr.gov/
https://resstock.nlr.gov/
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Measure Title Reference Space Heating and Air Conditioning Upgrade Circa 2025 

Not 
Applicable 

This upgrade does not apply to: 

• Homes that do not have existing ductwork, including homes heated with electric 
resistance baseboard, boilers/radiators, ductless heat pumps, and wall/floor 
furnaces that do not have ducted air conditioning. 

• Heating systems sourced from wood and homes without heating (i.e., “none”).  

• Systems already meeting or exceeding the specified minimum efficiency thresholds 
(modeled as like-for-like replacements). 

 

These constraints exclude 24.8% of the dwelling units from receiving this measure 
upgrade. 

Original 
Release 

2025/resstock_amy2018_release_1; 

2025/resstock_amy2012_release_1 

Project 
Configuration 
File 

https://github.com/NatLabRockies/resstock/blob/sdr_2025_Release_1/project_n

ational/sdr_upgrades_amy2018.yml   

  

https://github.com/NatLabRockies/resstock/blob/sdr_2025_Release_1/project_national/sdr_upgrades_amy2018.yml
https://github.com/NatLabRockies/resstock/blob/sdr_2025_Release_1/project_national/sdr_upgrades_amy2018.yml
https://github.com/NatLabRockies/resstock/blob/sdr_2025_Release_1/project_national/sdr_upgrades_amy2018.yml
https://github.com/NatLabRockies/resstock/blob/sdr_2025_Release_1/project_national/sdr_upgrades_amy2018.yml
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1 Technology Summary 
This work evaluates a reference case where existing space heating and air conditioning 

equipment in homes with existing ductwork is upgraded to the minimum efficiency available 

(circa 2025)⎯or like-for-like replacements for above-minimum equipment—across the U.S. 

residential building stock. The purpose of this reference case is to provide a comparison point for 

other measures and packages that simulate heating and cooling equipment replacements at the 

end of the equipment’s useful life (also called “at wear out”). This enables estimates of 

incremental energy savings and incremental upfront cost of measures compared to an assumed 

alternative.  

1.1 Introduction to Technology 

Fuel-fired furnaces—including propane, fuel oil, and natural gas—are used to heat indoor 

environments. Fuel ignites in the burner, and the flame heats a metal heat exchanger. A blower 

fan moves air over the heat exchangers, which warms the air. Most furnaces use ducts to 

distribute heat, while combustion exhaust is vented outside. In comparison, gravity furnaces do 

exist but are older and not as common; as such in this study, we only model forced air furnaces.  

Fuel-fired wall or floor furnaces are directly installed within walls or floors to serve one or a few 

rooms. They burn natural gas, propane, or fuel oil in a combustion chamber, transferring heat 

through a heat exchanger. Heated air rises by convection into occupied spaces, and combustion 

byproducts should be vented outside the dwelling. Unlike central furnaces, they typically do not 

use ducts and instead provide localized heating.  

Electric furnaces use resistance heating elements rather than combustion to produce heat. When 

an electric current passes through the elements, they generate heat, which is transferred to air 

moving across them. A blower fan distributes this heated air through ducts.  

Fuel boilers heat water instead of air. Natural gas, propane, or fuel oil is burned in a combustion 

chamber to heat water. The hot water (or steam in some systems) is then circulated through pipes 

to radiators, baseboard heaters, or radiant floor systems. Boilers can provide both space heating 

and domestic hot water. Combustion gases are vented outside the building.  

Central air conditioners typically use the same duct network as the heating system. They remove 

heat from buildings by operating a vapor-compression cycle: an outdoor unit compresses and 

condenses refrigerant, which then absorbs heat from indoor air as it passes over an evaporator 

coil. A blower fan circulates the cooled air through the ducts, and the absorbed heat is expelled 

outdoors; system efficiency is measured by the seasonal energy efficiency ratio, version 2 

(SEER2), with higher ratings indicating more efficient cooling. 

Room air conditioners are self-contained cooling units designed to cool a single room or small 

area. They are typically mounted in windows or through walls and operate using a vapor-

compression cycle: they draw in warm indoor air, cool it by passing it over the evaporator coil, 

return it to the room, and expel heat outside. Room air conditioners are rated by their combined 

energy efficiency ratio (CEER). 
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Air-source heat pumps (ASHPs) provide both heating and cooling using a reversible vapor-

compression cycle. In cooling mode, they operate like a central air conditioner, transferring heat 

from indoors to outdoors, but in heating mode, the cycle reverses and they extract heat from 

outdoor air and deliver it indoors. Even at cold temperatures, heat pumps can capture usable 

energy from the outdoor air. Distribution is typically through the same duct network used for 

cooling, though ductless systems deliver conditioned air directly to rooms. Efficiency is rated 

using heating seasonal performance factor, version 2 (HSPF2) for heating and SEER2 for 

cooling. 

1.2 Sizing 

HVAC sizing is automatic across all HVAC system types and sizes following the ACCA Manual 

J/S methodology. ACCA Manual J (ACCA, 2024) provides guidelines for calculating the design 

heating and cooling loads in a building, and ACCA Manual S (ACCA, 2014) provides a guide 

for selecting the size of residential HVAC systems to meet those loads. For a full description of 

sizing and system selection for ASHPs, reference the Dual Fuel Heat Pump System 

documentation (White et al. 2025). 

1.3 Efficiency 

Efficiency is rated using annual fuel utilization efficiency (AFUE) for natural gas furnaces, 

SEER2 for air conditioning systems, HSPF2 for heat pumps, CEER for room air conditioners. 

Importantly, SEER2 and HSPF2 include fan energy but AFUE does not. 

1.3.1 Annual Fuel Utilization Efficiency 

AFUE is the standard rated efficiency for how efficiently a furnace converts fuel into heat at 

rated conditions. The higher the AFUE rating, the more efficient the system is at converting fuel 

into usable heat. Energy lost through exhaust gases, radiation, and other components decreases 

efficiency. 

AFUE is the total annual heat output divided by the total annual fuel input—on a scale of 0% to 

100%. Note that unlike SEER2 and HSPF2, AFUE does not include the electricity used by the 

air handler blower, combustion blower, ignition system, or controls. ANSI/ASHRAE 103-2022 

provides a procedure for determining AFUE of residential central furnaces and boilers, which is 

a test cycle structured to simulate ordinary heating conditions throughout the year—including 

seasons (ANSI/ASHRAE 2022). 

“Residential furnaces manufactured and distributed in commerce, as defined by 42 U.S.C. 

6291(16) must meet the energy conservation standards specified in the Code of Federal 

Regulations at 10 CFR 430.32” (DOE 2025b). 80% AFUE furnaces are the minimum for non-

weatherized gas furnaces (i.e., natural gas and propane) manufactured from 2015 through Dec. 

18, 2028. After Dec. 18, 2028, the minimum is 95% AFUE. If an investigator would like to 

understand equipment standard changes over time, a useful approach could blend data from this 

study with data from the Propane and Fuel Oil Furnaces upgrade (Stenger et al. 2026b) as well as 

the Natural Gas Furnaces upgrade (Stenger et al. 2026a), both of which model 95% AFUE for 

propane and natural gas furnaces, respectively. In this study, we model an 80% AFUE as 

minimum efficiency natural gas furnace when existing efficiency is rated lower than 80% AFUE, 

and a like-for-like replacement when the existing natural gas furnace is rated above 80% AFUE. 
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1.3.2 Combined Energy Efficiency Ratio 

CEER is the standard rated efficiency for room air conditioners under specific test conditions. It 

measures how effectively the unit converts electrical energy into cooling capacity; the higher the 

CEER rating, the more efficient the system.  

CEER is defined as the ratio of the steady-state cooling capacity (i.e., Btu/hr) to the electrical 

power input (i.e., kW) under rated conditions (Code of Federal Regulations 2025). Because it is 

measured at a single set of conditions, energy efficiency ratio (EER) provides a snapshot of 

performance rather than a seasonal metric. For portable and room air conditioners, CEER 

accounts for standby and off-mode power consumption, but has different test procedures.  

1.3.3 Seasonal Energy Efficiency Ratio, Version 2 

SEER2 is a metric for representing the cooling efficiency of central air conditioners and heat 

pumps as they would perform over an entire cooling season. It is defined as the total cooling 

output (in British thermal units, Btu) during a typical cooling season divided by the total 

electrical energy input, including the blower fan energy (in watt-hours) consumed over that same 

period. Higher SEER2 values indicate more efficient systems, since they deliver more cooling 

per unit of electricity. Energy losses due to on-off cycling, blower waste heat, and refrigerant line 

heat transfer all reduce SEER2. 

SEER2 is determined under standardized test conditions specified by ANSI/AHRI Standard 

210/240-2024 (and DOE’s Appendix M1), which simulates a range of outdoor temperatures and 

indoor loads to approximate real-world operation throughout the cooling season. Ratings 

typically range from about 13 SEER2 for older equipment up to 26 SEER2 for more advanced 

centrally ducted air-conditioner systems, and up to 35.1 SEER2 for non-ducted systems. 

In this study, dwellings with existing air‐conditioning systems below the regional minimums are 

modeled with central air conditioners or heat pumps rated at 14.3 SEER2 in the South region and 

13.4 SEER2 in the North region, and with central ASHPs rated at 14.3 SEER2 and 7.5 HSPF2. 

For dwellings whose current cooling equipment already meets or exceeds these thresholds, we 

simulate a like-for-like replacement at the higher efficiency.  

The South region includes the following states: Alabama, Arizona, Arkansas, California, 

Delaware, Florida, Georgia, Hawai‘i, Kentucky, Louisiana, Maryland, Mississippi, Nevada, New 

Mexico, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, and the District 

of Columbia. The North region includes all states not listed in the South region. 

1.3.4 Heating Seasonal Performance Factor, Version 2 

HSPF2 is a rating representing the heating efficiency of heat pumps as they perform over an 

entire heating season. It is defined as the total heating output (in Btu) during a typical heating 

season divided by the total electrical energy input, including the energy consumed by the indoor 

blower fan (in watt-hours) and outdoor unit over that same period. Higher HSPF2 indicates more 

efficient systems, since they deliver more heating per unit of electricity. Factors such as on-off 

cycling, coil defrost cycles, and standby power consumption can reduce HSPF2.  

HSPF2 is determined under standardized test conditions, which simulate a range of outdoor 

temperature and part-load conditions to approximate real-world performance throughout the 
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heating season. Residential central air conditioning heat pumps manufactured and distributed in 

commerce, as defined by 42 U.S.C. 6291(16), must meet the energy conservation standards 

specified in the Code of Federal Regulations at 10 CFR 420.32(c)(5) (DOE 2025a). 

In this study, dwellings with existing systems below the regional minimums are modeled with 

ducted heat pumps rated at 7.5 HSPF2. For dwellings whose current heating equipment already 

meets or exceeds these thresholds, we simulate a like-for-like replacement at the higher 

efficiency. 
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2 Applicability  
This upgrade replaces space heating and cooling equipment in homes with existing ductwork 

with units that meet minimum efficiency standards reflective of circa-2025 requirements. It 

includes:  

• Replacement of ducted fuel furnaces with a minimum of 80%–83% AFUE (92.5% AFUE 

for like-for-like replacements at higher efficiency). 

• Replacement of air-source heat pumps with equipment rated at 14.3 SEER2 and 7.5 

HSPF2. 

• Replacement of central air conditioners (ACs) with units rated at 14.3 SEER2 in the 

South region and 13.4 SEER2 in the North region, with higher efficiency replacements 

(e.g., SEER2 15) applied where applicable. 

• Replacement of ducted electric resistance furnaces with baseline 100% efficiency electric 

options for costing consistency. 

In homes that have existing ductwork that is used for air conditioning but not heating, the non-

ducted heating systems are also replaced: 

• Replacement of fuel boilers with a minimum of 80%–83% AFUE (90% AFUE for like-

for-like replacements at higher efficiency). 

• Replacement of non-ducted electric resistance heating systems (boiler, baseboard, wall 

furnace) with baseline 100% efficiency electric options for costing consistency. 

In homes that have existing ductwork that is used for heating but not central air conditioning, the 

non-ducted air conditioning systems are also replaced: 

• Replacement of room ACs with models meeting an EER of 12.0. 

Where a dwelling’s existing cooling equipment already meets or exceeds these ratings, a like-

for-like replacement at the higher efficiency is modeled instead. No changes to building 

infiltration or duct losses are assumed as part of the upgrades.  

This upgrade applies to all dwelling units that have existing ductwork and a heating fuel that is 

natural gas, electricity, fuel oil, or propane. For consistency with other upgrades, it excludes any 

homes that do not have existing ductwork, do not use heating, or that heat with wood. It applies 

to about 5% of homes that have non-ducted heating (electric resistance baseboard, boilers, or 

wall/floor furnaces) but have ducts used for air conditioning. This includes a small number 

(<1%) of multifamily dwelling units that have a whole-building shared heating system but that 

have individual ducted air conditioning systems serving each unit. It covers a wide range of 

heating technologies (furnaces, boilers, electric resistance) and cooling technologies (central AC, 

heat pumps, room ACs). With these applicability constraints, the measure upgrade applies to 

75.2% of the existing dwelling units. The application logic is presented in 

Table 1. 
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Table 1. Summarized Apply Logic for Reference Space Heating and Air Conditioning Upgrade 
Circa 2025 

 

Heating 
Fuel 

HVAC 
Has 
Ducts 

Shared 
Cooling 

HVAC Heating 
Type 

HVAC Cooling 
Type 

Upgrade 
Applied? 

Stock 
Saturation 
(%)  

Electricity, 
Natural 
Gas, Fuel 
Oil, and 
Propane 

Yes 
No 

Ducted Heating 

Central AC Yes 43% 

Room AC Yes 6% 

None Yes 5% 

Ducted Heat Pump Ducted Heat Pump Yes 16% 

Non-Ducted Heating Central AC Yes 5% 

Yes Ducted Heating Central AC No 1% 

No 
All 
options 

All options All options No 21% 

None, 
Wood 

Yes 
All 
options 

All options All options No 1% 

No All 
options 

All options All options No 2% 

 

Keep in mind that the upgrade improves less efficient efficiencies to meet 2025 minimum 

heating and cooling efficiencies identified in the following sections. HVAC heating and cooling 

systems remain constant (i.e., no fuel or system switching).  
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3 Modeling Approach 
This section outlines how the upgrade is modeled in ResStock using the OpenStudio-HPXML 

workflow. In this scenario, dwellings meeting the applicability logic receive the upgrade. 

ResStock uses probabilistic sampling logic based on national housing stock data to assign each 

dwelling unit a set of baseline building characteristics, including existing heating fuel, system 

type, and duct configuration. Ducts remain unchanged when heating and cooling systems are 

upgraded, which can yield inefficiencies. The model assumes consistent operation patterns 

across households and scales furnace capacity based on heating load requirements determined by 

building envelope characteristics and climate zone. While equipment brand and installation 

quality are not modeled explicitly, the total heating energy demand and fuel consumption are 

recalculated to reflect the standardized furnace and fuel use. This scenario represents a reference 

case where all space heating and air conditioning equipment is upgraded to the minimum 

efficiency available (or like-for-like replacements for above-minimum equipment) across the 

U.S. residential building stock. The purpose of this reference case is to provide a comparison 

point for other measures and packages that simulate heating and cooling equipment replacements 

at the end of the equipment’s useful life (also called “at wear out”). This enables estimates of 

incremental energy savings and incremental upfront cost of measures compared to an assumed 

alternative.  

These probability distributions are sampled to create a synthetic stock where each sample has an 

assigned option for each characteristic for each dwelling unit to be simulated. ResStock utilizes 

the OpenStudio-HPXML workflow to translate these dwelling characteristics into building 

models ready to be simulated via OpenStudio® and EnergyPlus® through the use of an HPXML 

file. For reference, the state of the OpenStudio-HPXML repository when the ResStock 2025 

Release 1 dataset was created can be found here. Assumptions about the ASHPs upgrades that 

are not explicitly defined in ResStock are taken care of in the BuildResidentialHPXML measure. 

3.1 Upgrade Modeling Details 

In ResStock, building characteristics are translated to OpenStudio-HPXML parameters. Measure 

upgrades, such as installing natural gas furnaces and air conditioning, are modeled as changes to 

baseline building characteristics. This section outlines the technical details of how the federal 

minimum heating and cooling upgrade is implemented in the ResStock workflow.  

3.1.1 ResStock Inputs  

The upgrade spans heating and cooling systems. This section details the ResStock inputs for each 

system type included in the upgrade: central furnaces, wall and floor furnace, electric furnaces, 

fuel boilers, central air conditioners, room air conditioners, and ASHPs. Any features not set in 

ResStock are defaulted to OpenStudio-HPXML defaults (HPXML 2025).  

In OpenStudio-HPXML, each central furnace is represented under: 

“/HPXML/Building/BuildingDetails/Systems/HVAC/HVACPlant/HeatingSystem,” with type 

“Furnace,” and a federal minimum efficiency or like-for-like efficiency replacement. 

OpenStudio-HPXML maps these fields to an OpenStudio Furnace object, setting capacity, 

efficiency, distribution, and fan characteristics. Below are the OS-HPXML arguments assigned 

wit this measure, both required and optional fields. 

https://github.com/NREL/OpenStudio-HPXML/
https://github.com/NREL/OpenStudio-HPXML/releases/tag/v1.10.0
https://github.com/NREL/resstock/tree/v3.2.0-2024.2/resources/hpxml-measures/BuildResidentialHPXML
https://github.com/NREL/OpenStudio-HPXML/
https://github.com/NREL/OpenStudio-HPXML/releases/tag/v1.10.0
https://github.com/NREL/resstock/tree/v3.2.0-2024.2/resources/hpxml-measures/BuildResidentialHPXML
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Table 2. ResStock Argument Values for Central Furnace Upgrades in this Measure 

ResStock Argument Value Units 

Heating System Type Furnace - 

Heating System Pilot Light 
Capacity 

0 Btu/hr 

Heating System Fuel Natural Gas, Propane, Fuel Oil - 

Annual Heating Efficiency 
0.80* for Natural Gas and Propane, 
0.83* for Fuel Oil 

AFUE 

Fraction Heating Load Served 1 Fraction 

*Or like-for-like AFUE when existing furnace efficiency is greater than the minimum 

In OpenStudio-HPXML, each fuel-fired floor or wall furnace is represented under: 

“/HPXML/Building/BuildingDetails/Systems/HVAC/HVACPlant/HeatingSystem.”  

Table 3. ResStock Argument Values for Wall/Floor Furnace Upgrades in this Measure 

ResStock Argument Wall Furnace Units  

Heating System Type Wall Furnace - 

Heating System Fuel Natural Gas, Propane, Fuel Oil - 

Annual Heating Efficiency Like-for-like* AFUE 

Fraction Heating Load Served 1 Fraction 

*The package keeps non-ducted wall/floor furnaces at their existing levels for like-for-like replacement. 

 

In OpenStudio-HPXML, each electric furnace is represented under: 

“/HPXML/Building/BuildingDetails/Systems/HVAC/HVACPlant/HeatingSystem.”  

Table 4. ResStock Argument Values for Electric Furnace Upgrades in this Measure 

ResStock Argument Electric Furnace Units  

Heating System Type Electric Resistance - 

Heating System Fuel Electricity - 

Annual Heating Efficiency 1.0 AFUE 

Fraction Heating Load Served 1 Fraction 

 

In OpenStudio-HPXML, each boiler is represented under: 

“/HPXML/Building/BuildingDetails/Systems/HVAC/HVACPlant/HeatingSystem.”  

 

Table 5. ResStock Argument Values for Boiler Upgrades in this Measure 

ResStock Argument Boiler Units  

Heating System Type Boiler - 
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ResStock Argument Boiler Units  

Heating System Fuel Natural Gas, Propane, Fuel Oil - 

Annual Heating Efficiency 
Natural Gas or Propane: 0.80; Fuel 
Oil: 0.83 AFUE; or like-for-like* 

AFUE 

Fraction Heating Load Served 1 Fraction 

*If an existing boiler is greater than minimum, it is retained like-for-like efficiency 

 

Boilers are slightly different than furnaces in that the actual efficiency of the boiler varies 

slightly based on the return water temperature, whereas for furnaces the efficiency is always 

constant and equal to the AFUE of the unit. 

In OpenStudio-HPXML, each central air conditioner is represented under: 

“/HPXML/Building/BuildingDetails/Systems/HVAC/HVACPlant/CoolingSystem.”  

Table 6. ResStock Argument Values for Central Air Conditioner Upgrades in this Measure 

ResStock Argument Central Air Conditioner Units   

Cooling System Type Central Air Conditioner - 

Cooling System Fuel Electricity - 

Annual Cooling Efficiency 
SEER2 14.3 (South); SEER2 13.4 
(North); or like-for-like* 

SEER2 

Fraction Cooling Load Served 1 Fraction 

Compressor Type Single stage - 

*Like-for-like retention applies where the existing central AC is greater than minimum efficiency. See section 
1.3.3 for a list of states in the South and North regions. 

 

In OpenStudio-HPXML, each room air conditioner with reverse cycle is represented under: 

“/HPXML/Building/BuildingDetails/Systems/HVAC/HVACPlant/HeatPump.”  

Table 7. ResStock Argument Values for Room Air Conditioner Upgrades in this Measure 

ResStock Argument Room Air Conditioner Units 

Heat Pump Type Room Air Conditioner  - 

Annual Cooling Efficiency  12.01 EER3  

Fraction Cooling Load Served Varies2 Fraction 

Compressor Type Single Stage - 

1Like-for-like retention applies where the existing room AC is greater than minimum efficiency 

2Fraction of load served varies based on dwelling specification 

3EER is used rather than CEER as the default rated efficiency units for room AC in ResStock. One can 
convert between units using: CEER = EER / 1.01.ResStock may move to CEER for future releases. 

In OpenStudio-HPXML, each ASHP is represented under: 

“/HPXML/Building/BuildingDetails/Systems/HVAC/HVACPlant/HeatPump.”  

https://github.com/NREL/resstock/issues/1497
https://github.com/NREL/resstock/issues/1497
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Table 8. ResStock Argument Values for ASHP Upgrades in this Measure 

ResStock Argument  ASHP 

Calculated by 
OpenStudio-
HPXML?  

Heat pump type  Air-to-air  No  

heat_pump_heating_efficiency_type  HSPF2  No  

heat_pump_heating_efficiency  7.5* No  

heat_pump_cooling_efficiency_type  SEER2  No  

heat_pump_cooling_efficiency  14.3* No  

heat_pump_sizing_methodology  ACCA  No  

heat_pump_heating_capacity  Auto  Yes  

heat_pump_fraction_heat_load_served  1  No  

heat_pump_cooling_capacity  Auto  Yes  

heat_pump_fraction_cool_load_served  1  No  

heat_pump_backup_type  Integrated  No  

heat_pump_backup_fuel  Electricity No  

heat_pump_backup_heating_efficiency  1.0 No  

heat_pump_backup_heating_capacity  Auto  Yes  

heat_pump_heating_capacity_retention_fraction  0.5  No  

heat_pump_heating_capacity_retention_fraction_temperature  5°F  No  

heat_pump_is_ducted  True  No  

heat_pump_compressor_type  Single stage  No  

*Or like-for-like AFUE when existing heat pump efficiency is greater than minimum efficiency  
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4 Results 

4.1 Single Model Results 

This section analyzes three example dwellings that received upgrades. The upgrades had the 

following building characteristics shown in Table 9.  

Table 9. Single Model Types 

Building 
Geometry 

IECC 
Climate 
Zone, 2004 

State 
Heating 
Fuel 

HVAC Heating 
Efficiency 

HVAC Cooling 
Efficiency 

Single-Family 
Detached 

5A MA Fuel Oil 
Fuel Boiler, 76% 
AFUE 

AC, SEER 15 

Multifamily With 
5+ Units 

3A GA Electricity 
ASHP, SEER 13, 
7.7 HSPF 

ASHP, SEER 13, 
7.7 HSPF 

Single-Family 
Detached 

4A IL Natural Gas 
Fuel Furnace, 60% 
AFUE 

AC, SEER 10 

 

This section focuses on the percentage energy reduction achieved by the upgrade. The annual 

energy consumption of the dwellings before and after the upgrades are shown below.  

 

Figure 1. Annual energy consumption for an example unit in Massachusetts before and after the 
upgrade 

In Figure 1, the fuel boiler is upgraded to the existing standard, showing annual energy savings 

of 6.5 MBtu, with these energy savings sourced from the fuel oil heating end use. The other end 

uses remain unchanged from the upgrade. 
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Figure 2. Annual energy consumption for an example unit in Georgia before and after the upgrade 

Like the prior example, Figure 2 shows slight energy savings in both heating and cooling 

because of energy efficiency improvements in the air-source heat pump.  

 

Figure 3. Annual energy consumption for an example unit in Illinois before and after the upgrade 

After the upgrade, the example dwelling in Illinois changes from 122.8 MBtu in the baseline to 

98.9 MBtu, where the upgrade reduced the heating loads with a more efficient furnace. 

4.2 Aggregated Building Time Series 

Colorado is selected as a case study to analyze the aggregated time-series data. Out of all 

national dwelling units, 1.7% are in Colorado. Figure 4 presents the aggregated average daily 

baseline energy consumption in Colorado, with February 20 identified as the day with the 

highest energy use. To further explore this peak, Figure 5 examines the aggregated average 

power on February 20 in Colorado, comparing conditions before and after the upgrade. 
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Figure 4. Aggregated daily average energy consumption of baseline in Colorado 

Figure 5 shows that the upgrade scenario results in slightly lower power demand throughout the 

day compared to the baseline.  

 

Figure 5. Aggregated average power data in Colorado on peak day 
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4.3 Stock Energy Impacts 

Out of 550,000 model building simulation (i.e., models), 413,611 models are applicable for the 

reference space heating and air conditioning upgrade (75.2%). For the 413,611 models, the total 

baseline consumption is 2.87 trillion kWh annually, and after the upgrade is 2.80 trillion kWh, a 

2% savings. Figure 6 shows the total site energy consumption between the baseline and upgrade. 

 

Figure 6. Annual total site energy consumption for housing stock 
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Figure 7. Annual energy consumption by HVAC heating type and fuel end use 

Cooling from electricity in ducted heating systems accounts for 42,000 GWh of energy 

reduction, the greatest energy reduction after the upgrade; in comparison, heating from natural 

gas in ducted heating systems was reduced by 6,000 GWh. Cooling fans and pumps (i.e., air 

handler fan energy) also yielded 6,400 GWh in energy savings, whereas heating fans and pumps 

yielded 1,300 GWh in energy savings. Energy savings from fans and pumps are primarily a 

result of more advanced motors and controls. 

Given that this is a reference case and relatively few HVAC systems are below minimum 

efficiency, only modest energy savings are expected: 4% for electricity-heated homes, 2% for 

natural gas, 3% for fuel oil, and 1% for propane. 

Figure 8 shows average dwelling annual energy consumption by HVAC cooling efficiency, 

fuels, and end uses. 
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Figure 8. Average annual energy consumption per dwelling by HVAC cooling efficiency 

On average, dwellings upgraded from an “AC, SEER 8” cooling system to the minimum 

efficiency resulted in 2,900 kWh in energy savings, the largest average savings when segmented 

by HVAC cooling efficiency. In contrast, “AC, SEER 15” shows 107 kWh in average per-

dwelling annual energy savings—all sourced from heating end uses and indicating efficiency 

gains in heating systems rather than cooling systems. Please note that the central AC cooling 

efficiencies are measured in SEER1 as the baseline condition. Conversion to SEER2 in the 

baseline condition may be a feature in future versions of ResStock outputs.  

Figure 9 shows average annual energy consumption per dwelling by HVAC heating efficiency. 
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Figure 9. Average annual energy consumption per dwelling by HVAC heating efficiency 

Similar to the baseline AC systems being measured in SEER1, note that the central heating 

efficiencies are measured in HSPF1 as the baseline condition. Conversion to HSPF2 in the 

baseline condition may be a feature in future versions of ResStock outputs. Reexamining the 

distribution of energy consumption by heating fuel provides a clearer view of reduction across 

the housing stock for the upgrade, shown in Figure 10. 
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Figure 10. Annual site energy consumption savings per dwelling by heating fuel 

Figure 10 shows the distribution of annual energy consumption savings by heating fuel, where 

fuel oil heated dwellings average 1,134 kWh in savings, and electricity-heated dwellings average 

790 kWh in savings. 

Upgrading dwellings from a lower to a higher efficiency air conditioning system can be effective 

for reducing energy consumption, as shown in Figure 11. For example, “AC, SEER 8” and “AC, 

SEER 10” can result in average annual savings of 2,892 kWh and 1,749 kWh, respectively. 
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Figure 11. Average annual energy savings by HVAC cooling efficiency per year 

Because this is a reference case and only a fraction of HVAC systems have below minimum 

efficiency ratings, only modest energy savings are expected. 

4.4 Stock Bill Impacts 

The upgrade can result in a total of $8.49 billion in energy bill savings when applied across the 

housing stock. Most savings would occur from electricity bills, as shown in Figure 12. 
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Figure 12. Total annual housing stock energy bill savings by home heating fuel type 

In dwellings heated with electricity, a total of $4.37 billion could be saved annually with the 

upgrade, as shown in Figure 12. For dwellings heated with natural gas, 93% of total annual 

housing stock energy bill savings are derived from electricity, indicating most housing stock 

annual energy bill savings for this upgrade are sourced from cooling efficiency improvements. 

Figure 13 shows how the upgrade impacts bill savings across HVAC cooling efficiency.  
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Figure 13. Annual bill savings by HVAC cooling efficiency 

Like the findings from energy savings, lower efficiency, fully conditioned air conditioning 

systems have higher energy bill savings than higher efficiency or room air conditioning systems, 

as shown in Figure 13 and detailed in Table 10. 
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Table 10. Average Annual Bill Savings by HVAC Cooling Efficiency 

HVAC Cooling 
Efficiency 

Sample Size 
(n) 

Average Annual 
Bill Savings 
(mean, USD) 

Percent Bill 
Savings 

AC, SEER 8 4,825 $404 12% 

AC, SEER 10 32,432 $243 8% 

AC, SEER 13 156,533 $65 2% 

AC, SEER 15 72,152 $6 <1% 

Ducted Heat Pump 87,137 $131 6% 

Room AC, EER 8.5 679 $94 3% 

Room AC, EER 9.8 4,396 $58 2% 

Room AC, EER 10.7 16,517 $41 1% 

Room AC 12.0 12,849 $17 <1% 

None 26,091 $10 <1% 

 

Savings for HVAC cooling efficiencies with “AC, SEER 15” show the lowest absolute bill 

savings and percent bill savings, in large part because a cooling upgrade was not applicable but a 

furnace upgrade was applicable. 
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