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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). 

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. 

This results in a time-series profile 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 is intended to represent the U.S. residential building stock as it existed in 

2018. The methodology and results of the baseline model are discussed in the final technical 

report of the End-Use Load Profiles project1 (Wilson, et al. 2022).  

This documentation focuses on a single end-use savings shape measure: advanced air sealing 

with drill-and-fill wall insulation.  

The advanced air sealing with drill-and-fill wall insulation upgrade demonstrated 22% total site 

energy savings for the U.S. residential building stock (see Figure 3 for more details). These 

savings are primarily attributed to:  

• 32% stock electricity heating savings 

• 37% stock natural gas heating savings 

• 39% stock fuel oil heating savings 

• 32% stock propane heating savings 

• 11% stock electric cooling savings. 

 

 
1 https://www.nlr.gov/buildings/end-use-load-profiles.html 
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ResStock 2025 Release 1 Measure Documentation: 
Advanced Air Sealing with Drill-and-Fill Wall Insulation  

Accessing Results 

This documentation covers the “Advanced Air Sealing with Drill-and-Fill Wall Insulation” 

measure upgrade methodology and briefly discusses key results. All results are available 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.  

Measure Summary 

Measure Title Advanced Air Sealing with Drill-and-Fill Wall Insulation 

Measure 
Definition 

This upgrade measure applies R-13 drill-and-fill insulation to exterior wood-stud walls 
and is modeled with advanced air sealing. Advanced air sealing details are available 
in the measure documentation (Phoung, Lou and White 2025). 

Applicability The insulation portion of this measure applies to all dwellings with: 

• Uninsulated above-grade wood stud walls separating conditioned from 
unconditioned space. 

With these applicability constraints, this portion of the measure upgrade applies to 
about 30% of existing dwelling units. 
 
The advanced air sealing portion of the measure applies to dwelling units with 
infiltration rates of ≥6 ACH50. With these applicability constraints, this portion of the 
measure applies to about 92% of existing dwelling units. 
 
In total, portions or the full package apply to 92% of dwelling units. 

Not Applicable The insulation portion of this measure does not apply to dwelling units with: 

• Wood stud walls with existing insulation (any amount) 

• Non-wood stud walls. 

These constraints exclude about 70% of dwelling units from receiving wall insulation 
upgrades. 

The advanced air sealing portion of this measure does not apply to dwelling units with 
infiltration rates below 6 ACH50. This excludes about 8% of all dwelling units. 

Original 
Release 

ResStock 2025 Release 1 

Project 
Configuration 
File(s) 

https://github.com/NatLabRockies/resstock/blob/2025_Release_1/project_national/sdr
_upgrades_tmy3.yml  

https://resstock.nlr.gov/
https://github.com/NatLabRockies/resstock/blob/2025_Release_1/project_national/sdr_upgrades_tmy3.yml
https://github.com/NatLabRockies/resstock/blob/2025_Release_1/project_national/sdr_upgrades_tmy3.yml
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1 Technology Summary 

1.1 Introduction to Drill-and-Fill Insulation 

Drill-and-fill insulation is a method used to insulate existing walls. The most common drill-and-

fill insulation materials are cellulose, fiberglass, and spray foam. For cellulose and fiberglass, 

there are two main types of drill-and-fill installation: loose fill (also known as blown-in) and 

dense pack, which requires professional equipment (North 2012). This measure upgrade models 

cellulose as the drill-and-fill insulation material. 

Drill-and-fill insulation can be installed from either the inside or outside of the building. In 

multifamily buildings, drilling from the outside is more common because it allows occupants to 

remain in place during the work is being performed, and reduces asbestos risk for installers (U.S. 

Environmental Protection Agency 2011) (Antonopoulos, et al. 2019). For these reasons, external 

drill-and-fill will be the focus of this upgrade. Drilling from the interior may be preferable in 

certain situations, such as inclement weather, when siding is difficult to remove, or when the 

home is vacant. Figure 1 shows a photo of a drill-and-fill retrofit in progress. 

 

 

Figure 1. Drill-and-fill insulation  

Photo by Dennis Schroeder, NLR # 28786 

In a drill-and-fill retrofit, small round holes (typically 1- to 2-inch diameter) are drilled into the 

exterior wall of the home between the studs (e.g., every 16 inches) (U.S. Department of Energy 

2022). A hose is inserted into the wall, and insulation is then blown in. Both the small round 

holes and the hose are visible in Figure 1. 

Exterior wall studs in residential construction commonly have three widths: 2x3, 2x4, and 2x6. 

The 2x3 and 2x4 studs are more common in mobile/manufactured homes and older residential 

construction, whereas 2x6 studs are more frequently used in newer residential construction 

(Krigger 2006) (Kochkin and Wiehagan 2014). Mobile/manufactured homes may use 2x2 studs, 

but these are typically only for interior walls (Dickerhoof 1977). This ResStock 2025 Release 1 

assumes that R-13 insulation can fit within a 2x4 wall. In cases where higher levels of insulation 

are installed, OS-HPXML selects the appropriate wall construction set to ensure the desired R-

value is achieved. This may include changing the stud cavity depth—for example, changing a 
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wall from a 2x4 to a 2x6 to meet the requirement. More information on this topic can be found 

on the ResStock “Wood Stud Depth and Wall R-Value Calculations” page.2 

When installing drill-and-fill insulation from the exterior of a building, the cladding material is 

an important consideration. Exterior wood or vinyl siding is sometimes partially removed to 

allow holes to be drilled in the exterior sheathing. Wood siding can also be drilled through and 

then patched. Some types of metal siding may be removable, while others may not be (Allwein 

and Biddle 2002). In homes with face brick (4-inch) as cladding over wood stud walls, drill-and-

fill can be performed by drilling smaller holes through mortar joints. Other construction types, 

such as concrete masonry units (CMUs) or steel framing, are limited to insulation methods other 

than drill-and-fill for retrofits (U.S. Department of Energy 2019).  

Other ways to insulate a wall include adding rigid insulation board to the exterior or interior, or 

removing interior finishes and adding batt insulation, among others (Baechler, et al. 2021) 

(Antonopoulos, et al. 2019). Attic, crawlspace, basement, or other building insulation techniques 

are not covered in this measure. Attic floor insulation for unfinished basements is addressed in a 

separate measure documentation.3 

There are safety concerns that must be addressed when performing drill-and-fill insulation. The 

structural integrity of the exterior wall and cladding is important, as is any existing water damage 

(Pfeiffer 2021). Asbestos is a health and safety concern for insulation installers and is more 

common in homes built between 1930 and 1970 (U.S. Environmental Protection Agency 2011). 

Mold or rotted wood may be found in stud cavities, which could also complicate retrofits 

(Brozyna and Badger 2013). This is not a complete list of safety concerns that should be 

addressed before upgrading a building’s insulation. 

1.2 Drill-and-Fill Considerations 

The thermal resistance of drill-and-fill insulation is measured by its R-value, which represents 

the material’s ability to reduce heat flow (U.S. Department of Energy 2010). A higher R-value 

results in less heat transfer. As a retrofit, drill-and-fill wall insulation can achieve up to R-13 

cavity insulation in 2x4 exterior stud cavities (3.5 inches at R-3.7 per inch), which is the 

maximum insulation level modeled in this measure (Holladay 2013).  

Wall cavities that are insulated to levels less than R-13 (e.g., R-11, R-7) did not receive the drill-

and-fill upgrade in this ResStock measure. An experienced drill-and-fill practitioner noted that 

installing additional drill-and-fill insulation into an already insulated wall could cause the 

insulation batt to bunch, create uneven insulation levels, and lead to other issues. This is 

supported by literature on retrofit projects that choose not to perform drill-and-fill insulation on 

walls with existing insulation below R-13 (Frontier Energy, Inc., Misti Bruceri & Associates, 

LLC 2022) (Antonopoulos, et al. 2022). However, there is some evidence that drill-and-fill can 

be applied to walls with existing insulation, but this is not included in this measure (Holladay 

2013). 

 

 

 
2 https://natlabrockies.github.io/ResStock.github.io/docs/resources/explanations/Wood_Stud_Depth.html  
3 https://docs.nlr.gov/docs/fy26osti/96739.pdf  

https://natlabrockies.github.io/ResStock.github.io/docs/resources/explanations/Wood_Stud_Depth.html
https://docs.nlr.gov/docs/fy26osti/96739.pdf
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Manufactured housing or mobile homes receive drill-and-fill insulation in this measure only if 

the walls are uninsulated and wood stud. In practice, this can be extremely difficult and requires 

caution (Carlson and Bemis 1979) (Judkoff, Hancock and Franconi 1990). As with all ResStock 

results, this upgrade measure represents theoretical technical potential, and dataset users should 

independently assess whether this measure is appropriate for their building segment of interest. 

Studies often pair air sealing and drill-and-fill insulation and report combined energy savings. 

One study modeled energy savings from drill-and-fill insulation across different climate zones 

and found whole-home site energy savings ranging from 8.8% to 13.5% (Polly, et al. 2011). 

Across the literature, drill-and-fill insulation upgrades are frequently paired with air sealing 

measures (U.S. Department of Energy 2025) (Brozyna and Badger 2013) (Roberts and 

Stephenson 2012). More information on air sealing modeling can be found in the advanced air 

sealing documentation (Phoung, Lou and White 2025). 

For modeling purposes, drill-and-fill insulation is assumed to be installed properly to a Grade 1 

insulation level. According to the RESNET Grading system, Grade 1 assumes installation 

follows the manufacturer’s instructions and fills the entire wall cavity ( Construction Instruction 

Experience Center n.d.). However, a field study found that only half of all homes had Grade 1 

insulation (North American Insulation Manufacturers Association 2017). In practice, a Grade 1 

assumption may be optimistic, and insulation inspection should be conducted carefully (North 

American Insulation Manufacturers Association 2017). This optimistic assumption about 

proper insulation installation is a limitation of the work, and may cause modeled results to 

be different than actual building retrofit results. 

In summary, this upgrade measure assumes: 

• Advanced air sealing is applied to dwelling units with ACH50 infiltration rates of 6 or 

greater. This applies to 92% of all dwelling units and heavily influences the results. 

• Drill-and-fill insulation is applied to about 30% of dwelling units only 

• Drill-and-fill insulation uses cellulose up to R-13 on exterior above-grade walls that 

separate conditioned from unconditioned spaces only 

• Existing wall cavities with no insulation will receive the insulation, and walls with 

insulation less than R-13 will not 

• Proper installation is assumed, similar to Grade 1 RESNET installation. 

1.3 Advanced Air Sealing Summary 

As previously mentioned, drill-and-fill wall insulation is often installed along with air sealing 

during retrofit projects. Therefore, this drill-and-fill insulation package is modeled with air 

sealing. Full documentation for the advanced air sealing component of this package is reported 

separately, but a summary is provided below (Phoung, Lou and White 2025). 

Air sealing can take various forms, including weatherstripping, caulking, and spray foam. Two 

common ways to describe air leakage rates are air changes per hour at 50 pascals (ACH50) and 

cubic feet per minute at 50 pascals (CFM50). ACH50 is used to compare air leakage rates 

between dwelling units of different sizes, and this metric will be used in this package. 
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All dwelling units with an infiltration rate above 6 ACH50 will receive advanced air sealing and 

then have an infiltration rate of 5 ACH50. This level of advanced air sealing, 5 ACH50, should 

be considered very aggressive, similar to bringing all residential air leakage down to IECC 2021 

new construction levels (3-5 ACH50 depending on climate). In reality, bringing infiltration rates 

down to this level may require additional enclosure upgrades, such as over cladding of walls, 

replacing windows, or other techniques that go beyond traditional air sealing practices. This 

applies to 92% of all dwelling units (Phoung, Lou and White 2025). 
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2 Applicability  
Both parts of this package, advanced air sealing and drill-and-fill insulation, apply to about 29% 

of the ResStock 2025 Release 1 baseline housing stock. Advanced air sealing alone applies to 

about 92%, and drill-and-fill wall insulation applies to about 30% of the existing ResStock 2025 

Release 1 baseline housing stock. More information on advanced air sealing and applicability is 

available in the advanced air sealing documentation (Phoung, Lou and White 2025). 

Table 1 shows the wall and insulation distributions of the ResStock 2025 Release 1 baseline 

housing stock. This measure applies only to wood stud framing with uninsulated walls. 

Table 1. Framing and Insulation Type as a Percentage of the ResStock 2025 Release 1 Baseline 
Housing Stock 

Framing Type and Insulation Level % of Baseline Housing Stock 

Brick, 12-in, 3-wythe, R-7                      2.6  

Brick, 12-in, 3-wythe, R-11                      5.5  

Brick, 12-in, 3-wythe, R-15                      1.4  

Brick, 12-in, 3-wythe, R-19                      1.5  

Brick, 12-in, 3-wythe, Uninsulated                      9.9  

CMU, 6-in Hollow, R-7                      0.4  

CMU, 6-in Hollow, R-11                      0.9  

CMU, 6-in Hollow, R-15                      0.2  

CMU, 6-in Hollow, R-19                      0.4  

CMU, 6-in Hollow, Uninsulated                      1.4  

Wood Stud, R-7                      7.3  

Wood Stud, R-11                   22.7  

Wood Stud, R-15                      4.7  

Wood Stud, R-19                   10.5  

Wood Stud, Uninsulated                   30.5  

  

Table 2 summarizes the joint probability of uninsulated wood stud walls and their infiltration 

rates. The table represents all baseline dwelling units, or 100%, but only the uninsulated wood 

stud wall type is detailed with infiltration rates. 
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Table 2. Probability of Baseline Model Uninsulated Wood Stud Wall and Infiltration Type 

Framing and 
Insulation Type 

Infiltration 
Rate 

% Baseline 
Dwelling Units 

Wood stud, 
uninsulated 

2 ACH50 0.02 

3 ACH50 0.08 

4 ACH50 0.16 

5 ACH50 0.29 

6 ACH50 0.45 

7 ACH50 0.66 

8 ACH50 0.87 

10 ACH50 2.29 

15 ACH50 7.23 

20 ACH50 6.46 

25 ACH50 4.56 

30 ACH50 2.90 

40 ACH50 2.88 

50 ACH50 1.72 

In total, about 29% of the ResStock 2025 Release 1 baseline housing stock could receive the full 
package of advanced air sealing with drill-and-fill wall insulation. As a result, the findings are 
heavily influenced by the advanced air sealing alone, which applies to 92% of the ResStock 2025 
Release 1 baseline dwelling units. 

When reviewing results for this upgrade, here is a brief example of how to filter for dwelling 

units that received only advanced air sealing, only drill-and-fill wall insulation, or both parts of 

the upgrade in the baseline housing stock.  

First, consult the enumeration dictionary for this release4, which describes the column names and 

possible values for each column. For this measure upgrade, the primary columns of interest are 

in.infiltration and in.insulation_wall. To see the applicable dwelling units only, filter these 

columns to the following values. 

 

 
4 https://oedi-data-lake.s3.amazonaws.com/nrel-pds-building-stock/end-use-load-profiles-for-us-building-

stock/2025/resstock_amy2018_release_1/enumeration_dictionary.tsv 
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Table 3. Relevant Column Names and Values for Specific Portions of This Upgrade 

Measure 
Scenario 

in.infiltration value 
in.insulation_wall 

value 

ResStock 2025 
Release 1 baseline 

applicability 

Advanced air 
sealing only 

6 ACH50, 7 ACH50, 8 ACH50, 10 
ACH50, 15 ACH50, 20 ACH50, 25 
ACH50, 30 ACH50, 40 ACH50, 50 
ACH50 

All values except for 
Wood Stud, 
Uninsulated 

92.2% 

Drill-and-fill 
insulation only 

1 ACH50, 2 ACH50, 3 ACH50, 4 
ACH50, 5 ACH50 

Wood Stud, 
Uninsulated 

30.02% 

Advanced air 
sealing and drill-
and-fill insulation 
together 

6 ACH50, 7 ACH50, 8 ACH50, 10 
ACH50, 15 ACH50, 20 ACH50, 25 
ACH50, 30 ACH50, 40 ACH50, 50 
ACH50 

Wood Stud, 
Uninsulated 

29.47% 
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3 Modeling Approach 
This section explains how advanced air sealing with drill-and-fill wall insulation is functionally 

modeled in ResStock using OpenStudio-HPXML. 

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, Fontanini and Parker, et al. 2025). This 

measure does not introduce new electrical loads or circuits, so it has no impact on the electrical 

panel. However, electrical panel metrics are included as a standard output for this and all other 

envelope measures. Any panel constraints appearing in the upgrade results reflect pre-existing 

conditions, as this measure does not worsen them. 

3.1 OpenStudio-HPXML Overview 

The ResStock building stock energy model includes conditional probability distributions of 

building characteristics that represent the U.S. residential building stock (Reyna, Fontanini and 

Present, et al. 2024). These distributions are sampled to create a synthetic stock, with each 

sample an option for each characteristic. ResStock uses the OpenStudio-HPXML (OS-HPXML) 

workflow to translate these dwelling characteristics into building models that can be simulated 

via OpenStudio® and EnergyPlus® using an HPXML (Home Performance eXtensible Markup 

Language) file. The state of the OpenStudio-HPXML repository at the time the ResStock 2025 

Release 1 dataset was created is available on the NLR ResStock Resources page on GitHub.5 

3.2 ResStock Inputs for Advanced Air Sealing with Drill-and-Fill Wall 
Insulation 

Building characteristics are assigned in ResStock and then translated into more detailed OS-

HPXML arguments that describe a ResStock parameter. The drill-and-fill wall insulation 

measure leverages the “Insulation Wall” ResStock option that assigns wall assembly R-values 

and wall types in OS-HPXML. As of ResStock 2024 Release 2, there are 15 different baseline 

insulation wall options (Reyna, Fontanini and Present, et al. 2024). The ResStock argument 

definitions set in the Insulation Wall characteristic are reproduced in Table 4, originally from the 

ResStock Technical Reference Documentation, v3.3.0 Table 46, which details the assumptions 

for ResStock 2024 (Reyna, Fontanini and Present, et al. 2024). Advanced air sealing arguments 

are provided in the measure documentation (Phoung, Lou and White 2025). 

 

 
5 https://github.com/NatLabRockies/resstock/tree/v3.2.0-2024.2/resources/hpxml-measures  

https://github.com/NREL/OpenStudio-HPXML/
https://github.com/NatLabRockies/resstock/tree/v3.2.0-2024.2/resources/hpxml-measures
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Table 4. OS-HPXML Arguments Assigned with the ResStock “Insulation Wall” Option Argument 
Values for Drill-and-Fill Wall Insulation  

Advanced air sealing arguments can be found in the advanced air sealing documentation (Phoung, Lou and White 
2025). 

OS-HPXML 
Argument 

Required Units Type Choices Description 

wall_type true - Choice 

WoodStud, ConcreteMasonryUnit, 
DoubleWoodStud, 
InsulatedConcreteForms, LogWall, 
StructuredInsulatedPanel, 
SolidConcrete, SteelFrame, Stone, 
StrawBale, StructuralBrick 

The type of 
walls 

wall_assembly_r true 
h-ft

2
-R

Btu
 - Double 

Assembly R-
value of the 
walls 

 

Table 5 describes variables changed in the EnergyPlus model due to the application of drill-and-

fill wall insulation with advanced air sealing. The HVAC-related arguments are modified 

because of different HVAC capacities, not specifically to model advanced air sealing or drill-

and-fill wall insulation. This is not an exhaustive list, and the arguments that change depend on 

the individual building energy model. The variable values are model dependent, therefore only 

the names, units, and descriptions are provided. 

Table 5. Idf File Argument Changes as a Result of Advanced Air Sealing with Drill-and-Fill Wall 
Insulation 

IDF File Argument Units Description 

c - 
Converts the flow coefficient based on ASHRAE 
principles 

Conductivity 
W

m-K
 Conductivity of the wall stud and cavity 

Effective Air Leakage Area {cm2} cm2 Area where air can escape 

Maximum Air Flow Rate {m3/s} 
m3

s
 Maximum air flow rate through a duct 

Design Supply Air Flow Rate {m3/s} 
m3

s
 

Design condition for the air flow rate for the air-
source heat pump 

Cooling Supply Air Flow Rate {m3/s} 
m3

s
 

Cooling design condition for the air flow rate for 
the air-source heat pump 

Design Maximum Air Flow Rate {m3/s} 
m3

s
 

Maximum air flow rate for the air-source heat 
pump fan 

Speed Flow Fraction 1 - 
Flow fraction for the fan speed (Big Ladder 
Software n.d.) 

Speed Electric Power Fraction 1 - 
Electric power fraction for the fan speed (Big 
Ladder Software n.d.) 

Heating Design Capacity {W} W 
The heating design capacity of the baseboard 
heating system if present 
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IDF File Argument Units Description 

U-Factor Times Area Value {W/K} 
W

K
 

Heat transfer through the baseboard heating wall if 
present 

Maximum Water Flow Rate {m3/s} 
m3

s
 

The maximum water flow rate of the baseboard 
heating system if present 

Nominal Capacity {W} W Capacity of the hot water boiler if present 

 

OS-HPXML models wood stud walls using an overall wall assembly R-value.6 The wall 

assembly includes layers such as drywall, sheathing, the stud and cavity layer, and others. The 

assembly’s R-value determines the final wall construction set to match the ResStock assembly 

R-value. 

When the wall assembly changes, various HVAC variables are affected. These variables depend 

on the HVAC system type, as shown in Table 5, which covers changes for heat pumps, boilers, 

and furnaces. 

 

 

 
6 For an in-depth explanation on wood stud depth and R-value calculations, see the ResStock resource page: 

https://NatLabRockies.github.io/ResStock.github.io/docs/resources/explanations/Wood_Stud_Depth.html  

https://natlabrockies.github.io/ResStock.github.io/docs/resources/explanations/Wood_Stud_Depth.html
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4 Results 
This section presents individual results, results aggregated for a city, and ResStock 2025 Release 

1 baseline results. Error! Reference source not found. provides sample results comparing 

advanced air sealing only to advanced air sealing with drill-and-fill wall insulation. 

4.1 Individual Model Results 

This section analyzes three dwelling unit models that received both advanced air sealing and 

drill-and-fill wall insulation. Information about each of the three models is shown in Table 6: 

Table 6. Baseline Individual Model Characteristics 

 Colorado model North Carolina model Arizona model 

Location Denver County, CO Lincoln County, NC Maricopa County, AZ 

Building America Climate 
Zone Classification 

Cold Mixed-humid Hot-dry 

Building Type Single-family attached Single-family detached Single-family detached 

Heating System and Fuel Natural gas furnace Ducted heat pump Electric furnace 

Air Conditioning System Central air conditioning Ducted heat pump Central air conditioning 

Starting Infiltration Rate 15 ACH50 50 ACH50 15 ACH50 

Wall Type and Insulation 
Level 

Wood stud and 
uninsulated 

Wood stud and 
uninsulated 

Wood stud and 
uninsulated 

 

These models differ by location, building system, heating and air conditioning systems, and 

initial infiltration rates. Additionally, these modeled dwelling units vary in square footage, 

heating and cooling thermostat setpoints, and other factors. None of these dwelling units had 

backup HVAC systems. Due to all these model differences, their simulated results will vary. 

The individual model results are discussed below. Using fewer samples leads to greater 

uncertainty. One model is not sufficient to make assumptions or generalizations. The single 

model results shown here are demonstrations to confirm that the package is being applied 

correctly and that individual model results align with expectations. More information about the 

recommended number of samples for analysis, and how to calculate uncertainty for any sample 

size, is available on the ResStock user resource website.7 

4.1.1 Example Time Series Individual Building Results 

Individual heating and cooling energy load profiles are shown below for the three dwelling units. 

In general, the upgraded dwelling units show a decrease in both heating and cooling energy, as 

 

 
7 https://NatLabRockies.github.io/ResStock.github.io/docs/resources/resources.html See the Explanations section. 

https://natlabrockies.github.io/ResStock.github.io/docs/resources/resources.html
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expected given the improved insulation and reduced infiltration rates of these dwelling units. 

January 1 and July 1 were chosen as representative winter and summer days. 

 

Figure 2. Heating and cooling energy (excludes air handler and boiler pump electricity) single day 
time-series for three example models 

Figure 2 shows the baseline and the upgraded natural gas heating energy for the Colorado model, 

represented by the top line of figures. On January 1, the upgraded dwelling unit has a lower 

hourly heating profile than the baseline, which is the expected result. 

For the same building, the cooling energy for the upgraded dwelling unit is generally lower than 

that of the baseline unit on the example day of July 1. In this example, for the one day of data 

shown, the upgraded dwelling unit uses slightly more cooling energy in the early morning and 

very late at night. These values are expected, and the winter morning peak shows a decrease, 

which is the anticipated result. 

In general, the North Carolina model shows that the heating energy of the upgraded building is 

lower than that of the baseline building on January 1. From roughly noon to 7 p.m., the heating 

energy of the upgraded building is higher. A closer look at the individual indoor conditioned 

space temperature results and the outside wet-bulb temperature (not shown) reveals that the 

interior temperature of the baseline building rises above the setpoint during part of the noon to 7 

p.m. period, causing the heating energy to decrease and eventually reach zero. This coincides 

with the hottest part of the day.  

After wall insulation is added and air infiltration is reduced, the interior temperature of the 

upgraded home remains more constant, so the temperature fluctuates less. As a result, the house 
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stays a bit cooler and does not exceed the heating setpoint, so the heating system must remain on 

to maintain to the setpoint.  

The North Carolina model shows expected cooling results, with the upgraded dwelling unit 

having a smaller, more rounded peak and overall lower cooling energy than the baseline unit on 

July 1. 

For the third building, the Arizona model, heating energy is lower in the upgraded scenario than 

in the baseline scenario on January 1. The heating system turns on a few hours later in the 

upgraded scenario, indicating that wall insulation and advanced air sealing keep the home 

warmer during the night and into early morning, so the heat does not need to run until later in the 

morning. The heating peak is also significantly reduced. Both results are in line with 

expectations. 

Finally, the Arizona model’s upgraded cooling energy profile is lower than the profile for all 

hours on July 1. The curve is smaller and has a lower peak as well. These results are consistent 

with the other two example buildings and the expected outcomes. 

4.1.2 Example Annual Individual Building Results 

In general, the three individual buildings each show savings in total annual site energy. Although 

the set of measures modeled here differ from those in other studies, the amounts are generally 

consistent with the magnitude of savings from typical envelope upgrades (Baechler, et al. 2021) 

(Polly, et al. 2011) (ENERGY STAR n.d.). In all three building models, both cooling and heating 

energy consumption show annual savings. Cooling and heating peak loads also show reductions 

ranging from slight to considerable. Individual model results are presented in Table 7. 
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Table 7. Individual Building Model Annual Results 

  
Before After Percent Decrease 

Site Energy for 
All Fuels [kWh] 

Colorado model 21,770 15,991 26.5% 

North Carolina model 19,745 15,099 23.5% 

Arizona model 20,448 16,660 18.5% 

Cooling Energy 
Consumption 

[kWh] 

Colorado model 1,284 1,188 7.5% 

North Carolina model 4,519 3,446 23.7% 

Arizona model 7,527 5,696 24.3% 

Heating Energy 
Consumption 

[kWh] 

Colorado model 12,427 7,030 43.4% 

North Carolina model 6,850 4,827 29.5% 

Arizona model 3,176 1,404 55.8% 

Unmet Cooling 
Hours [hours] 

Colorado model 50 8.25 83.5% 

North Carolina model 1.5 0 100% 

Arizona model 0 0 n/a 

Unmet Heating 
Hours [hours] 

Colorado model 5.25 0.75 85.7% 

North Carolina model 0 0 n/a 

Arizona model 36.25 15.75 56.6% 

Cooling Hourly 
Peak Power 

[kBtu/h] 

Colorado model 15.78 15.42 2.3% 

North Carolina model 41.38 30.97 25.2% 

Arizona model 53.54 40.48 24.4% 

Heating Hourly 
Peak Power 

[kBtu/h] 

Colorado model 44.56 42.43 4.8% 

North Carolina model 77.85 57.71 25.6% 

Arizona model 45.67 45.01 1.4% 

 

The Colorado model shows a total site energy reduction of 26.5% from the advanced air sealing 

with drill-and-fill wall insulation package. There is a moderate reduction in cooling energy 

consumption and a greater reduction in heating energy consumption. In this building model, both 

unmet heating and cooling hours decrease by over 80%. The heating and cooling hourly power 

peaks show minimal decreases, at 4.8% and 2.3%, respectively. 

The North Carolina model has a 23.5% decrease in annual site energy, with annual cooling and 

heating energy consumption decreasing by 23.7% and 29.5%, respectively. The annual unmet 

cooling hours drop from 1.5 to 0, while annual unmet heating hours remain at 0. The cooling and 

heating hourly peak power are both reduced by about 25%. 

The Arizona model shows an annual site energy decrease of 18.5%. Annual cooling and heating 

consumption both decrease, with heating energy consumption showing annual savings of over 

50%. This is likely due to the dwelling unit’s location in Maricopa County, Arizona. The heating 

load was already minimal, and the advanced air sealing with drill-and-fill wall insulation further 

decreased it significantly. Unmet cooling hours were originally 0 and remained at 0. Annual 

hourly peak cooling and heating power both decrease, by 24.4% and 1.4%, respectively. 
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4.2 Stock Energy Impacts for Applicable Dwelling Units Only 

This section presents results for the full ResStock 2025 Release 1, which includes 550,000 

modeled samples. Advanced air sealing with drill-and-fill wall insulation was applicable to 92% 

of dwelling units. In theory, advanced air-sealing was applicable to 92.2% of baseline dwelling 

units, drill-and-fill wall insulation to 31% of baseline dwelling units, and about 30% of units 

could receive both measures as shown in Table 3. Below are results for only the applicable 

dwelling units. 

4.2.1 Annual Stock Energy Analysis 

The average baseline applicable dwelling unit consumed 24.51 MWh of site energy per year. 

After air sealing and drill-and-fill wall insulation were applied to applicable units, the average 

dwelling unit consumed 19.20 MWh of site energy per year. This represents an average 21.7% 

decrease. 

Figure 3 shows the average energy consumption by end use per dwelling unit before and after the 

upgrade. 

 

Figure 3. Average energy consumption by end use group per applicable dwelling unit 

Before the upgrade, the largest two end uses in the average dwelling unit were natural gas 

heating and electric cooling. Other notable end uses included miscellaneous electric loads, 

electric appliances, and natural gas hot water heating. Although these patterns remain in the 
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upgrade scenario, total site energy use is 22% lower. Significant savings are seen in heating and 

cooling end uses, particularly electric heating (35%), natural gas heating (40%), fuel oil heating 

(41%), propane heating (36%), electric cooling (11%), electric heating fan pumps (37%), and 

electric heat pump backup (54%). Slight savings are observed in the electric cooling fans and 

pumps (8%). End uses like water heating, lighting consumption, and miscellaneous electricity 

remain unchanged. 

Figure 4 shows the annual average percent savings per upgraded dwelling unit broken down by 

original wall type and insulation level. 

 

 

Figure 4. Average annual dwelling unit percentage site energy savings per applicable dwelling 
unit wall type and insulation level 

 

The applicability logic states that only uninsulated wood stud walls are eligible for drill-and-fill 

insulation, whereas all dwelling units with an infiltration rate of 6 ACH50 or higher are eligible 

for advanced air sealing. This logic is clearly reflected in the results: uninsulated wood stud walls 

show an average site energy savings of 32%. All other wall type and insulation combinations 

show site energy savings ranging from 8% to 20%. Note that these results are more heavily 

influenced by advanced air sealing, as its applicability exceeds 90%, whereas drill-and-fill 

insulation applies to only about 30% of dwelling units. 
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Figure 5. Stock-level applicable buildings only total annual site energy consumption by infiltration 
level 

Figure 5 shows total annual site energy consumption for the stock level before and after the 

upgrade. In general, dwellings with higher baseline infiltration rates achieve greater energy 

savings than those with lower infiltration rates. Figure 5 also shows that dwellings with low 

infiltration levels have relatively low stock level energy consumption. Figure 6 shows the 

average percentage of site energy savings per dwelling unit at different infiltration rates. 

 

Figure 6. Average applicable only annual dwelling unit percentage site energy savings by baseline 
infiltration rate 

Again, Figure 6 shows that dwellings with higher baseline infiltration rates achieve greater 

energy savings, exceeding 40% when the baseline infiltration is 50 ACH50. This trend continues 

down to 10 ACH50 but changes when infiltration rates fall below 10 ACH50. Infiltration rates of 

2–5 ACH50 have a higher percentage of savings than rates of 6–8 ACH50. This is likely due to 

2-5 ACH50 dwelling units having a lower annual site energy than other buildings, as seen in 

Figure 5, so any change to the site energy consumption results in a higher percentage change 

even if the absolute change is small. 

 



19 

This report is available at no cost from the National Laboratory of the Rockies at www.nlr.gov/publications. 

Figure 7 shows the average annual site energy consumption per dwelling unit by vintage. 

Infiltration rates depend on vintage, so there is some correlation in the ResStock 2025 Release 1 

baseline samples: older homes generally have higher infiltration rates and are more likely to have 

uninsulated walls. 

 

Figure 7. Average annual site energy consumption per dwelling unit by vintage for applicable 
dwelling units only 

In general, older homes use more energy and achieve greater energy savings. This trend appears 

in the following figures as well. The oldest homes, built before 1940, have an average energy 

savings of 32%, while the newest homes have an average energy savings of only 9%. 

 

 

Figure 8. Average annual percent site energy savings by vintage for applicable units only 
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Figure 9 shows energy savings by climate zone. 

 

Figure 9. Average annual per dwelling unit percentage site energy savings by climate ASHRAE 
2004 climate zone for applicable dwelling units only 

In general, climate zones 4–7 experience a higher percentage of energy savings than other 

climate zones. This is expected given the significant reduction in heating energy shown in the 

end use breakdown. Climate zones 4A, 5A, 6B, and 7A show greater percentage energy savings 

than the dwelling units in their respective climate zones. For example, climate zone 4A shows 

greater savings than 4B and 4C because the average baseline dwelling unit energy consumption 

in 4A is higher than in the other zones, as shown in Figure 10. This is because climate zone 4A is 

a more extreme climate than climate zones 4B and 4C.  

Climate zone 7B shows a larger site energy percentage savings than climate zones 7AK and 8AK 

because climate zone 7B’s results are driven by natural gas heating savings, which are on 

average more than three times as large as climate zones 7AK and 8AK savings. In addition, 

climate zone 7AK shows heat pump fan and cooling electricity increasing after the upgrade. 

These end use increases further add to the difference in total site energy savings experienced 

between climate zones 7AK and 7B. The difference among the climate zones savings are also 

influenced by the electricity consumption from the heat pump heating backup. Climate zone 7B 

shows a 38% savings on average for this end use, while climate zone 7AK only shows a 23% site 

energy savings, and this end use is not applicable for climate zone 8AK. This is another reason 

for the large difference in site energy savings between the three climate zones. 
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Figure 10. Average site energy consumption for applicable dwelling units only by ASHRAE climate 
zone 

Energy consumption is only one way to display impact. On average, unmet heating and cooling 

hours also decrease. In the baseline, the average applicable dwelling unit had 130 unmet cooling 

hours and 22 unmet heating hours. After applying advanced air sealing with drill-and-fill wall 

insulation, these values decrease to 81 and 17, representing reductions of 46% and 27%, 

respectively. 

4.2.2 Aggregated Power Time Series in Select States During the Peak Day 

Colorado was analyzed for the time-series results. Of the 550,000 dwelling units in the national 

run, 549,971 of them completed simulation. 9,374 of the completed dwelling units in the national 

run were in Colorado. The power time-series for Colorado is shown in Figure 11. February 20 is 

the peak power day. 
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Figure 11. Baseline site daily aggregated average energy consumption time series for Colorado 

The peak day, February 20, is shown in more detail in Figure 12, with 15-minute power data. 

 

 

Figure 12. Time series for peak day in Colorado before and after upgrade 

The baseline peak power was 12.9 kW per dwelling unit. After advanced air sealing with drill-

and-fill wall insulation was applied to the dwelling units, the peak power decreased to 10.1 kW 

per dwelling unit, representing a 15.5% reduction. Notable savings occurred throughout the 

entire day, including early morning and late at night. The peaks and valleys generally maintained 

the same shape. 
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4.3 Average Energy Bill Impact for Applicable Dwelling Units Only 

Energy bills for applicable units generally decreased after advanced air sealing with drill-and-

fill wall insulation, as shown in Figure 13. Applicable dwelling units saw an average decrease in 

energy bills of 15%. The largest reduction in energy bills was for fuel oil, with an average 

savings of 38%, followed by natural gas at 26%, propane at 30%, and electricity at 9%. 

 

Figure 13. Average annual energy bills broken out by fuel type for applicable dwelling units only 
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Appendix A. Advanced Air Sealing Only Sample 
Results 
This section includes sample results comparing advanced air sealing only to advanced air sealing 

with drill-and-fill insulation. 

 

Figure A-1. Average energy end uses for applicable dwelling units only for advanced air sealing 
with drill-and-fill wall insulation (air, wall sealing/insulation) and advanced air sealing only 
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Figure A-2. Average annual dwelling unit percentage site energy savings per applicable dwelling 
unit for advanced air sealing with drill-and-fill wall insulation (air, wall sealing/insulation) and 

advanced air sealing only 

 

Figure A-3. Average annual site energy consumption by vintage for applicable dwelling units only 
for advanced air sealing with drill-and-fill wall insulation (air, wall sealing/insulation) and 

advanced air sealing only 
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Figure A-4. Stock-level energy consumption for applicable dwelling units only broken out by 
ASHRAE 2004 climate zone for advanced air sealing with drill-and-fill wall insulation (air, wall 

sealing/insulation) and advanced air sealing only 

 

Figure A-5. Average annual energy bills broken out by fuel type for applicable dwelling units only 
for advanced air sealing with drill-and-fill wall insulation (air, wall sealing/insulation) and 

advanced air sealing only 
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