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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) upgrades. “Measures” refers to retrofits that can be 

applied to buildings during modeling. 

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—Natural Gas Furnace 

with 95% Annual Fuel Utilization Efficiency. 
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ResStock 2025 Release 1 Measure Documentation: 
Natural Gas Furnace 

Accessing Results 

This documentation covers the “Natural Gas Furnace 95% Annual Fuel Utilization Efficiency 

(AFUE)” 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 Upgrade Description 

Measure 
Definition 

Replaces existing space-heating equipment with a high-efficiency natural gas 
furnace (95% AFUE). The upgrade also converts heating fuel to natural gas (if not 
already) and sets the heating type and fuel to “Natural Gas Fuel Furnace.”  
 
In cases where the space-heating equipment also provides cooling or air 
conditioning, like a heat pump, the cooling is removed. 

Applicability This upgrade applies to dwellings that have existing ducted systems. No restrictions 
are placed on prior heating fuel or access to natural gas infrastructure. 

Applies to dwellings that: 

• Have ducts, and 

• Do not use wood, “other fuel,” or have no primary heating fuel, and 

• Has stand-alone HVAC (no part of the HVAC is shared with other dwelling 
units) 

No restriction is placed on prior heating fuel—homes are converted to natural gas 
within the upgrade logic. 

With these applicability constraints, the upgrade applies to 74.3% of the existing 
dwelling units. 

Not Applicable This upgrade does not apply to: 

• Dwellings without ducts 

• Dwellings with primary heating fuel of wood, other fuel, or none 

• Dwellings served by shared HVAC systems, including shared heating 
only, shared cooling only, or both 

These constraints exclude 25.7% of the dwelling units from receiving this upgrade. 

Original 
Release 

ResStock 2025 Release 1  

Project 
Configuration 
File 

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

t_national/sdr_upgrades_amy2018.yml 

https://resstock.nlr.gov/
https://resstock.nlr.gov/
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1 Technology Summary 
This work examines the technical potential for replacing existing heating systems with natural 

gas furnaces in homes with air ducts across the U.S. residential building stock. Natural gas 

furnaces are a type of heating system that combust natural gas to produce hot air. Natural gas 

furnaces distribute this heat through ducts systems to warm indoor spaces, and compose 47.7% 

of space heating technologies in the United States. The purpose of this upgrade is to provide a 

comparison point for futures where residential households adopt natural gas furnaces, in order to 

estimate potential energy and bill changes. 

In cases where the heating system also provides air conditioning, like a heat pump, the air 

conditioning is removed from the dwelling unit. 

1.1 Introduction to Technology 

Natural gas furnaces are used to heat indoor environments. The natural gas is ignited in the 

burner, and the flame heats a metal heat exchanger that the exhaust gas flows through. For 

forced-air systems, the majority of furnaces, a blower fan moves air over the heat exchangers, 

which warms the air. Forced-air natural gas furnaces use ducts to distribute heat, while 

combustion exhaust is vented outside.  

1.2 Efficiency and System Types 

Efficiency rated by annual fuel utilization efficiency (AFUE), capacity, and system types are key 

features of natural gas furnaces. Other technical upgrades are important to the function and 

performance of natural gas furnaces as well. 

1.2.1 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 HSPF2,1 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 2025). 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 furnace is 95% AFUE. If an investigator would like 

 

 
1 SEER stands for seasonal energy efficiency ratio, and HSPF stands for heating seasonal performance factor.  
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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, Liu, White, et al. 

2025) and Reference Space Heating and Cooling (circa 2025) (Stenger, Liu, Wilson, et al. 2025), 

both of which model 95% AFUE for propane and heating and cooling minimum, respectively. In 

this study, we model a 95% AFUE natural gas furnace.  

1.2.2 System Types 

Natural gas furnaces can be condensing or noncondensing (sometimes called conventional). 

Condensing furnaces have high-efficiency units that have a second heat exchanger used to 

recover latent heat from flue gases and can reach an AFUE between 90% and 99%, according to 

the Air-Conditioning, Heating and Refrigeration Institute (AHRI) (AHRI 2025). A secondary 

heat exchanger condenses hot exhaust gases—extracting more remaining heat—resulting in a 

condensate and requiring a condensate drain line as well as a condensate pump if a floor drain is 

not available nearby. Condensing furnaces exhaust at lower temperatures of around 100°–150°F 

and mostly vent horizontally through polyvinyl chloride (PVC) ductwork as opposed to a metal 

vertical vent commonly used for noncondensing furnaces. Noncondensing furnaces often have an 

AFUE up to 80% and do not have a secondary heat exchanger, yielding exhaust that leaves at 

high temperatures—up to 350°F. Since noncondensing furnaces have steel vertical vents, it is 

important to avoid any condensation of the flue gas in the vent because the condensate is slightly 

acidic and can corrode the vent over time. A noncondensing furnace often has a lower upfront 

cost (because of fewer components), but higher operating costs (because of lower efficiencies). 

In this study, we model condensing furnaces as an upgrade. 

1.2.3 Other Technical Specifications 

A prerequisite for natural gas furnaces is the access to natural gas distribution. In this upgrade, 

we assume that natural gas is available to homes regardless of prior heating fuel, geography, or 

other physical infrastructures. 
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2 Applicability  
This upgrade applies only to dwellings with existing ducted systems. The choice to apply this 

upgrade to homes without current access to natural gas was made to evaluate the theoretical 

impacts of switching to this fuel. Whether or not installing new gas distribution to supply 

existing homes is financially or technically feasible is outside the scope of this document. 

However, this upgrade could be used as part of an analysis into the financial viability of 

installing new gas distribution and the benefits-costs to households. The upgrade replaces the 

existing heating system with a 95% AFUE natural gas furnace. If a dwelling unit that has a 

heating system that also provides air conditioning, like a heat pump, the air conditioning is 

removed as part of the upgrade. No changes to infiltration are assumed as part of the flue 

removal or installation process. 

Approximately 74.3% of the residential building stock meets the conditions for this upgrade. 

Details on the application logic are in Table 1. 

Table 1. Summarized Apply Logic for 95% AFUE Natural Gas Furnace Upgrade Package 

Heating Fuel   
HVAC Shared 
Efficiencies   

HVAC Has Ducts   
Upgrade to 
Natural Gas 
Furnace   

Stock 
Saturation 
(%)    

Natural Gas, 
Electricity, Fuel Oil, 
Propane 

None  

Yes  Yes  74.3%  

No  No  12.1%  

HVAC is shared  All options  No  10.9%  

Other Fuel, Wood, 
None   

All options   All options   No   2.7%  
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3 Modeling Approach 
This section outlines how a universal natural gas furnace upgrade is modeled in ResStock using 

the OpenStudio-HPXML workflow. In this scenario, every dwelling unit with a ducted heating 

system is assigned a natural gas furnace, regardless of its original heating system. 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. For this upgrade, the workflow overrides the existing heating system and fuel type 

with a centrally defined natural gas furnace characterized by a specified AFUE. The furnace is 

modeled as a forced-air system with ducts, and the energy performance is governed by its AFUE 

rating, which reflects seasonal fuel-to-heat conversion efficiency. 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 upgrade represents a scenario where dwellings with ducted systems could convert to natural 

gas furnaces, allowing for assessment of energy and infrastructure implications at scale. 

The 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 (HPXML 2025). 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 air-

source heat pump (ASHP) upgrades that are not explicitly defined in ResStock are taken care of 

in the BuildResidentialHPXML upgrade. 

3.1 Natural Gas Furnace 

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

Upgrades, such as switching all ducted homes to natural gas furnaces, are modeled as changes to 

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

natural gas furnace upgrade is implemented in the ResStock workflow. 

3.1.1 ResStock Inputs 

This scenario assumes every household with existing ductwork receives a natural gas furnace, 

regardless of its original fuel type. The upgrade logic identifies all ducted homes and overrides 

their baseline heating system with a natural gas forced-air furnace of a defined AFUE, typically 

representing a modern, high-efficiency unit. The change is reflected in the OpenStudio-HPXML 

model via updates to fuel type, heating system type, and efficiency parameters. Heating capacity 

is sized based on Air Conditioning Contractors of America (ACCA) Manual J (ACCA 2016) and 

Manual S (ACCA 2014) calculations for the respective climate zone and building envelope. The 

model presumes standard furnace operation and does not include installation-specific variation, 

instead relying on the AFUE to govern thermal performance. This upgrade scenario enables 

simulation of the broad-scale impact of transitioning ducted homes to a single fossil fuel heating 

pathway, including effects on energy use and utility bills. 

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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3.1.2 ResStock Inputs for the Natural Gas Furnace  

A central natural gas furnace combusts natural gas to heat indoor air, distributing it via the 

home’s duct system. In HPXML, each furnace is represented under: 

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

“Furnace,” and a 95% AFUE, as shown in Table 2. 

Table 2. ResStock Argument Values for Gas Furnace Upgrade 

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  0.95  AFUE  

Fraction Heating Load Served  1  Fraction  

 

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

efficiency, distribution, and fan characteristics. Following is the input schema support, both 

required and optional fields. 

3.1.3 Housing Stock Characteristics  

HVAC heating types and efficiencies are key characteristics of the housing stock for this 

upgrade, as seen in Table 3. 
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Table 3. Percentage of Households by HVAC Heating Type and Efficiency, and U.S. Census 
Division 

 U.S. Census Division 

HVAC 
Heating 
Type & 
Fuel 

East 
North 

Central 

East 
South 

Central 

Middle 
Atlantic 

Mountain 
New 

England 
Pacific 

South 
Atlantic 

West 
North 

Central 

West 
South 

Central 

Electricity 
ASHP 

1% 2% 1% 1% 0% 1% 8% 1% 3% 

Electricity 
Baseboard 

1% <1% 1% <1% <1% 2% 1% <1% 1% 

Electricity 
Electric 
Boiler 

<1% <1% <1% <1% <1% <1% <1% <1% <1% 

Electricity 
Electric 
Furnace 

1% 1% <1% 1% <1% 1% 5% 1% 3% 

Electricity 
Electric 
Wall 
Furnace 

<1% <1% <1% <1% <1% <1% <1% <1% <1% 

Electricity 
MSHP 

<1% <1% <1% <1% <1% <1% <1% <1% <1% 

Electricity 
Shared 
Heating 

1% <1% 1% <1% <1% 1% 1% <1% 1% 

Fuel Oil 
Fuel Boiler 

<1% <1% 1% <1% <1% <1% <1% <1% <1% 

Fuel Oil 
Fuel 
Furnace 

<1% <1% 1% <1% 1% <1% <1% <1% <1% 

Fuel Oil 
Fuel 
Wall/Floor 
Furnace 

<1% <1% <1% <1% <1% <1% <1% <1% - 

Fuel Oil 
Shared 
Heating 

<1% - <1% - <1% <1% <1% - <1% 

Natural 
Gas Fuel 
Boiler 

<1% <1% 1% <1% <1% <1% <1% <1% <1% 

Natural 
Gas Fuel 
Furnace 

9% 2% 4% 4% 1% 6% 4% 4% 4% 

Natural 
Gas Fuel 
Wall/Floor 
Furnace 

<1% <1% 1% <1% <1% 1% <1% <1% <1% 

Natural 
Gas 
Shared 
Heating 

1% <1% 2% <1% 1% 1% <1% <1% <1% 

Propane 
Fuel Boiler 

<1% <1% <1% <1% <1% <1% <1% <1% <1% 
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 U.S. Census Division 

HVAC 
Heating 
Type & 
Fuel 

East 
North 

Central 

East 
South 

Central 

Middle 
Atlantic 

Mountain 
New 

England 
Pacific 

South 
Atlantic 

West 
North 

Central 

West 
South 

Central 

Propane 
Fuel 
Furnace 

1% <1% <1% <1% <1% <1% 1% 1% <1% 

Propane 
Fuel 
Wall/Floor 
Furnace 

<1% <1% <1% <1% <1% <1% <1% <1% <1% 

Propane 
Shared 
Heating 

<1% <1% <1% <1% <1% <1% <1% <1% <1% 

Other Fuel 
Boiler 

<1% <1% <1% <1% <1% <1% <1% <1% <1% 

Other Fuel 
Furnace 

<1% <1% <1% <1% <1% <1% <1% <1% <1% 

Other Fuel 
Wall/Floor 
Furnace 

<1% <1% <1% <1% <1% <1% <1% <1% <1% 

Other Fuel 
Shared 
Heating 

<1% <1% <1% <1% <1% <1% <1% <1% <1% 

None <1% <1% <1% <1% <1% 1% <1% <1% <1% 

Total % of 
Housing 
Stock 

15% 6% 13% 7% 5% 14% 20% 7% 12% 

 

Natural gas is common across each census division. Electricity is most prevalent in the South 

Atlantic, accounting for nearly 14.5% of the U.S. housing stock. Fuel oil is more prevalent in 

New England and the Middle Atlantic census divisions, which have historically used fuel oil in 

older and more rural buildings. Propane is used less frequently but is evenly distributed across 

the U.S. housing stock, as it is primarily used in more rural areas that don’t have access to 

natural gas service. 
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4 Results 
This section describes results from the 550,000 simulations. 

4.1 Single Model Results 

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

following building characteristics, shown in Table 4.  

Table 4. Single Model Types 

Building Geometry 
IECC Climate 
Zone, 2004 

State Heating Type 
HVAC Heating 
Efficiency 

Single-Family Detached 5A MA Fuel Oil 
Fuel Boiler, 76% 
AFUE 

Multifamily With 5+ Units 3A GA Electricity 
ASHP, SEER 13, 
7.7 HSPF 

Single-Family Detached 4A IL Natural Gas 
Fuel Furnace, 
60% AFUE 

 

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 

Figure 1 shows a slight increase in energy consumption, from 146.9 MBtu in the baseline to 

147.6 MBtu after receiving a natural gas furnace, showing how fuel switching from fuel oil to 

natural gas can have a small effect on annual energy consumption. 
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Figure 2. Annual energy consumption for an example unit in Georgia before and after the upgrade 

In Figure 2, cooling is removed from the dwelling entirely after the upgrade because the original 

heating system is a heat pump, consuming 2.6 MBtu in the baseline and 0 after the upgrade. The 

removal of cooling when dwellings use heat pump technologies to heat and cool is a limitation of 

this methodology, discussed in later sections as well. 

 

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

The application of the upgrade shown in Figure 3 represents a significant amount of savings in a 

dwelling heated with a 60% AFUE fuel furnace. Before the upgrade, the dwelling consumed 

122.8 MBtu and dropped to 93.8 MBtu after the upgrade, where the majority of energy savings 

are sourced from natural gas heating. 

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 consistently results in 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 simulations (i.e., models), 408,800 models are applicable for the 

natural gas fuel furnace upgrade (74.3%), representing the 139,647,020 dwellings from 

American Community Survey’s 2021, 5-year estimate of U.S. households (not including 

territories). 

For the applicable models, the total baseline consumption is 2.85 trillion kWh per year, and after 

the natural gas furnace upgrade, the total consumption is 2.67 trillion kWh per year, a 6.3% 

savings.  

 

Figure 6. Annual total site energy consumption by fuel type 

For the U.S. housing stock, total site energy consumption changes across heating fuels after a 

95% AFUE natural gas furnace upgrade, with an increase of 0.38 trillion kWh from natural gas 

energy consumption and a decrease of 0.33 trillion kWh from electricity, as shown in Figure 6. 

Gaining more clarity on fuel type changes, Figure 7 shows the energy savings by heating type 

and fuel end use.  
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Figure 7. Annual energy consumption by HVAC heating type and fuel end use 

Figure 7 demonstrates a mixed effect for energy savings, where heating for natural gas increases 

(i.e., negative energy savings) by 157 billion kWh in ducted heat pumps, 185 billion kWh in 

ducted heating, and 38 billion kWh in non-ducted heating.  

The modeling approach also removes cooling for dwellings heated with ducted heat pumps—as 

shown by the 87.5 billion kWh in energy savings from electricity for cooling. The distribution of 

annual energy savings per dwelling are shown in Figure 8. 
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Figure 8. Distribution of annual energy savings per dwelling by HVAC heating efficiency 

Upgrading fuel furnace efficiency when lower than 95% AFUE yields energy savings, where 

dwellings with 60% AFUE fuel furnaces can save up to 30,800 kWh annually (i.e., upper fence 

of box plot), as shown in Figure 8. In contrast, ASHPs show a mixed effect for energy savings, 

where more efficient ASHPs—like ASHP, SEER 15, 7.7 HSPF—have a median of 1,178 kWh 

energy savings and as much as a 9,289 kWh increase in energy (i.e., lower fence of box plot).  

In other words, energy use can increase among dwellings with ASHPs, even with the removal of 

cooling as a service, after the transition from ASHP to natural gas furnace. In addition, boilers 

and wall/floor furnaces demonstrate a range of mixed effects on annual energy savings per 
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dwelling. To better understand average changes, Figure 9 shows average energy savings by 

HVAC heating efficiency, end use, and fuel type. 

 

Figure 9. Average annual energy savings per dwelling by HVAC heating efficiency and fuel end 
use 

As shown in Figure 9, natural gas heating results in negative energy savings (i.e., energy 

consumption increases). Interestingly, boilers, wall/floor furnaces, ASHPs, and electric 

baseboard heating demonstrate the mixed effect of energy savings after the upgrade—on 

average, 90% AFUE fuel boilers (1,934 kWh), 100% efficiency electric baseboard (1,633 kWh), 

100% AFUE electric boiler (1,142 kWh), and 100% AFUE electric wall furnaces (1,572 kWh) 

show an average annual increase in energy consumption per dwelling. This average increase can 

be caused by a decrease in energy efficiency and fuel switching to a less efficient site energy 

(i.e., from electric to natural gas). 

4.4 Stock Bill Impacts 

As previously mentioned, stock bill impacts will be shown considering the reduction in cooling 

when dwelling upgrade to a natural gas furnace from ASHP. Figure 10 shows the average annual 

bill savings per dwelling by HVAC heating efficiency and bill savings energy source.  
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Figure 10. Average annual bill savings by HVAC heating efficiency and bill savings source 

On average, upgrading a less efficient fuel furnace to a 95% AFUE gas furnace results in bill 

savings. 

Table 5 shows the first quartile (Q1), median, and third quartile (Q3) for annual bill savings per 

dwelling by HVAC heating efficiency. While ASHPs show annual bill savings depending on the 

efficiency of the system, these cases have all cooling removed because the ASHP is replaced by 

a gas furnace, but no air conditioner. 

The amount of unmet cooling drastically increases in the upgrade case, as it is assumed that there 

is not an air conditioner installed along with the gas furnace. As a result, occupants are losing 

comfort benefits while gaining some utility bill savings.  
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Table 5. Annual Bill Savings Per Dwelling by HVAC Heating Efficiency 

HVAC Heating Efficiency  
Model Count 
(n)  

Annual Bill Savings ($) 

Q1 Median  Q3  

ASHP, SEER 10, 6.2 
HSPF  

4,075 436 869 1,468 

ASHP, SEER 13, 7.7 
HSPF  

41,976 281 572 997 

ASHP, SEER 15, 8.5 
HSPF  

41,081 220 471 843 

Fuel Furnace, 60% AFUE  1,549 170 358 617 

Fuel Furnace, 76% AFUE  15,200 100 190 330 

Fuel Furnace, 80% AFUE  134,906 87 164 308 

Fuel Furnace, 92.5% AFUE  84,157 6 16 30 

Fuel Wall/Floor Furnace, 
60% AFUE  

1,978 95 252 669 

Fuel Wall/Floor Furnace, 
68% AFUE  

4,293 44 152 449 

Fuel Boiler, 76% AFUE  504 10 75 274 

Fuel Boiler, 80% AFUE  4,020 (4)  102 454 

Fuel Boiler, 90% AFUE  582 221 582 1,037 

Electric Boiler, 100% AFUE  379 (2)  122 447 

Electric Furnace, 100% 
AFUE  

61,415 (16)  174 663 

Electric Wall Furnace, 
100% AFUE  

2,023 5 154 527 

Electric Baseboard, 100% 
Efficiency  

10,662 4 159 561 

4.5 Electric Panel Impacts 

Electrical panel constraint modeling was added to ResStock via OpenStudio-HPXML measures 

in 2025 to assess whether the existing panel has enough capacity or breaker space to 

accommodate new loads from an energy retrofit. For details on panel constraint modeling, refer 

to the ResStock Technical Reference Guide (Reyna et al, 2025).   

Upgrading to a 95% AFUE natural gas furnace generally has no impact on the electrical panel, as 

no new electrical loads or circuits are being added. Most homes receiving this measure are 

replacing an existing fuel furnace. However, for the small fraction of homes previously heated by 

electrically (e.g., by an electric resistance furnace or a ducted heat pump), this measure can free 

up panel capacity and breaker space by removing those circuits and loads from the panel.  
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Any panel constraints appearing in the upgrade results reflect pre-existing conditions, as this 

measure does not worsen them. 2.3% of the existing panels are estimated to already exceed 

capacity based on code. Pre-existing capacity constraints are an artifact of the panel modeling 

process, in which panel service ratings are estimated from selected housing variables rather than 

detailed inventory data. While anecdotal evidence suggests these constraints can occur in 

practice — manifesting as flickering lights or tripping breakers — the lack of empirical data 

prevents us from confirming their prevalence.  
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