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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 most high-impact, market-ready 
(or nearly market-ready) measures. “Measures” refers to energy efficiency 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. 
This results in a time-series profile broken down by end use and fuel (electricity or on-site gas, 
propane, or fuel oil) 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. 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 measure: duct sealing and 
insulation upgrade.  

The duct sealing and insulation upgrade demonstrated 7% total site energy savings (240 TWh) 
for the U.S. residential building stock (Figure 3). These savings are primarily attributed to:  

• 11% stock natural gas heating savings (129 TWh)  
• 11% stock electricity cooling savings (43 TWh)  
• 8% stock electricity heating savings (22 TWh).   



vi 

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

Table of Contents 
Executive Summary .................................................................................................................................... v 

Accessing Results ................................................................................................................................... 1 
Measure Summary .................................................................................................................................. 1 

1 Technology Summary .......................................................................................................................... 2 
1.1 Introduction to Technology ........................................................................................................... 2 
1.2 Technical Measure Details ............................................................................................................ 2 

2 Applicability .......................................................................................................................................... 4 
3 Modeling Approach .............................................................................................................................. 5 

3.1 OpenStudio-HPXML Overview .................................................................................................... 5 
3.2 Duct Sealing and Insulation Upgrades .......................................................................................... 5 

ResStock Inputs for the Duct Sealing and Insulation Upgrades .................................................... 5 
Default Inputs From OpenStudio-HPXML for the Duct Sealing and Insulation Upgrades .......... 6 

3.3 Electrical Panel .............................................................................................................................. 6 
4 Results ................................................................................................................................................... 7 

4.1 Single Building Example .............................................................................................................. 7 
4.1.1 Individual Building Annual Energy Consumption ........................................................... 7 
4.1.2 Individual Building Time Series ...................................................................................... 9 

4.2 Stock Energy Impacts .................................................................................................................. 10 
4.2.1 Annual Stock Energy Analysis ...................................................................................... 10 
4.2.2 Aggregated Time Series in Select State During the Peak Day ....................................... 15 

4.3 Stock Utility Bill Impacts ............................................................................................................ 16 



vii 

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

List of Figures 
Figure 1. Annual site energy consumption before and after duct sealing and insulation upgrade ................ 8 
Figure 2. Heating and cooling energy consumption 15-minute time-series data before and after the duct 

sealing and insulation upgrade ............................................................................................... 10 
Figure 3. Annual site energy consumption for all homes ........................................................................... 11 
Figure 4. Annual site energy consumption per upgraded dwelling unit ..................................................... 12 
Figure 5. Annual site energy savings per upgraded dwelling unit after duct sealing and insulation upgrade, 

grouped by baseline duct leakage and insulation levels ......................................................... 14 
Figure 6. Annual site energy savings per upgraded dwelling unit after duct sealing and insulation upgrade, 

grouped by vintage ................................................................................................................. 14 
Figure 7. Annual unmet hours per upgraded dwelling unit ........................................................................ 15 
Figure 8. Aggregated daily average energy consumption of baseline in Colorado .................................... 15 
Figure 9. Aggregated average power data in Colorado on peak day .......................................................... 16 
Figure 10. Annual utility bills per dwelling unit for all homes ................................................................... 16 
 

List of Tables 
Table 1. Summarized Apply Logic for Duct Sealing and Insulation ............................................................ 4 
Table 2. ResStock Argument Values for the Duct Sealing and Insulation Upgrades ................................... 6 
Table 3. HPXML Default Values for the Duct Sealing and Insulation Upgrades ........................................ 6 
Table 4. Heating and Cooling Unmet Hours Before and After Duct Sealing and Insulation Upgrade ........ 9 
Table 5. Annual Site Energy Consumption Saving Percentage per Upgraded Dwelling Unit After Duct 

Sealing and Insulation Upgrade ............................................................................................. 13 
 



1 

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

ResStock 2025 Release 1 Measure Documentation: 
Duct Sealing and Insulation 
Accessing Results 
This documentation covers the “duct sealing and 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 Duct Sealing and Insulation 

Measure 
Definition 

This upgrade measure involves sealing HVAC ducts and adding insulation in 
applicable dwelling units. After the upgrade, the units will achieve 5% duct leakage to 
the outside and an R-8 duct insulation level. 

Applicability This measure applies to all dwellings with ductwork located in unconditioned space 
that have one or both of the following characteristics: 
• More than 6% duct leakage to the outside 
• Less than R-6 duct insulation. 

With these applicability constraints, the measure upgrade applies to about 46% of the 
existing dwelling units. 

Not Applicable This measure does not apply to dwelling units with any of the following 
characteristics: 
• 6% (or less) duct leakage to the outside and R-6 (or greater) duct insulation 
• 0% leakage to the outside. 

These constraints exclude 54% of the dwelling units from receiving this measure 
upgrade. 

Original 
Release 

2025/resstock_amy2018_release_1 

Project 
Configuration 
File(s) 

https://github.com/NatLabRockies/resstock/blob/sdr_2025_Release_1/project_nationa
l/sdr_upgrades_amy2018.yml.  

  

https://resstock.nlr.gov/
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 
Ducts are used to distribute conditioned air throughout a house from a forced-air heating or 
cooling system, such as a central furnace, central air conditioner, or ducted heat pump. This 
measure applies duct sealing to all homes that use ducts for air distribution. Sealing ductwork 
located in unconditioned spaces saves energy, improves thermal comfort, and can even improve 
indoor air quality by patching return leaks on ducts exposed to pollutants. This increases the 
efficiency and performance of HVAC systems, allowing conditioned air to be distributed more 
effectively to where it is needed while keeping it clean and separated from dusty areas. 

1.1 Introduction to Technology 
It is estimated that 20%–30% of air moving through ducts leaks into unconditioned spaces 
instead of reaching its intended destination in the home (ENERGY STAR, 2025). This leakage 
reduces the efficiency of the heating and cooling system. Duct sealing and insulation reduce heat 
loss through ductwork and the loss of conditioned air to unconditioned spaces, thereby reducing 
the amount of input energy needed to deliver the desired amount of heating or cooling. 
According to the U.S. Department of Energy (DOE, 2011), many homes have HVAC ducts 
located in unconditioned spaces like attics or crawl spaces. For ducts located in conditioned 
spaces, duct sealing and insulation will have little impact on energy use. 

Ductwork is often hidden in walls, ceilings, attics, basements, or crawlspaces, which can make 
repairs challenging. However, there are several ways to reduce leakage and improve efficiency. 
Duct sealing can reduce leakage directly and can be achieved by several actions (ENERGY 
STAR, 2025): (1) repair damaged or disconnected ducts and straighten out flexible ducts that are 
tangled or crushed; (2) seal all leaks and connections with mastic, UL-Listed tape, or an aerosol-
based sealant; (3) seal all duct boots to the drywall or subfloor; (4) include a new filter as part of 
any duct system improvement; (5) install a filter slot opening cover where missing or where the 
existing cover does not provide an adequate seal. 

In addition to sealing, insulating ducts can help reduce heat loss. Duct insulation is typically 
applied by wrapping fiberglass insulation around the ducts. Other products, such as spray foam, 
can also be used to insulate ducts, depending on the application and installation requirements. If 
insulation is poor, the existing wraps are often replaced with more effective material. ENERGY 
STAR® (ENERGY STAR, 2025) recommends insulating ducts in unconditioned areas (such as 
attics, crawlspaces, and garages) with insulation that has an R-value of R-6 or higher. The 
National Laboratory of the Rockies (NLR) Standard Work Specifications require insulating all 
ducts outside the thermal boundary to a minimum of R-8, and insulating all ducts exposed to the 
exterior to a minimum of R-12 (NREL, 2025). However, in contrast to ducts located in attics, 
crawlspaces, or garages, insulating ducts that run within enclosed building envelope cavities—
such as wall or floor assemblies—can be more challenging. This type of insulation is typically 
performed as part of broader envelope insulation work.  

1.2 Technical Measure Details 
HVAC duct insulation requirements depend on duct location and climate zone. According to 
IECC 2015, supply and return air ducts must be insulated with at least R-6 insulation when 
located in unconditioned spaces, at least R-8 insulation when located outside the building in 
climate zones 1 through 4, and a minimum of R-12 insulation in climate zones 5 through 8. 
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When located within a building envelope assembly, the duct must be separated from the building 
exterior or unconditioned or exempt spaces by a minimum of R-8 insulation in climate zones 1 
through 4, and a minimum of R-12 insulation in climate zones 5 through 8 (IECC, 2015).  

After ductwork improvements, duct insulation can vary based on the duct location within a 
home. However, for modeling purposes, ResStock assumes uniform duct insulation throughout 
the entire dwelling unit. After improving insulation on HVAC ducts, the final R-value can range 
from R-4.2 to R-12, depending on factors such as climate, duct placement, and overall system 
design. According to research by NLR, increasing duct insulation to R-8 is considered a 
reasonable target (Andrews, 2001).  

This measure assumes insulation is added only to ducts located in unconditioned spaces, 
wherever accessible (e.g., attics, crawlspaces, or garages). If the ducts are currently uninsulated, 
they are wrapped with R-12 insulation, such as flexible fiberglass duct wrap or pre-formed 
insulation. Since IECC requires a minimum of R-6 insulation for ducts in unconditioned spaces 
(IECC, 2015), ducts that already meet or exceed this standard are not upgraded. Therefore, if the 
existing insulation is below R-6, the old wrap is removed and replaced with high-performance R-
12 insulation. Ducts integrated with the building envelope are not modified. For applicable 
dwelling units, where duct insulation in unconditioned spaces is currently below the IECC 
requirement, we also assume that ducts integrated with the building envelope assembly fall 
below code—specifically, less than R-8 in climate zones 1–4 and less than R-12 in climate zones 
5–8. Based on these assumptions, this measure assumes = the average duct insulation level 
across the entire dwelling unit reaches an R-value of R-8 after improvements. 

Duct leakage can be defined as a percentage of airflow or as an airflow leakage volume value. 
The percentage rating is calculated by comparing the duct system’s measured leakage rate to the 
air handler’s flow rate. This metric is useful for assessing HVAC system efficiency. The leakage 
volume value is measured in cubic feet per minute (cfm) airflow leakage per 100 ft2 of 
conditioned floor area. It estimates the total air volume leaked from the system, helping to 
visualize the extent of leakage and estimate the scope of repair work needed. The IECC (2012) 
limits leakage to 4 cfm per 100 ft2 of conditioned floor area when the air handler is installed and 
3 cfm when it is not installed. Industry standards generally require new duct systems to be sealed 
to 6% or less leakage, while altered or existing systems may be allowed a leakage rate of up to 
15% (Eco Performance Builders, 2025). Therefore, this measure will not seal ducts with a 
leakage rate of 6% or less. 

After improving ductwork, the target for duct leakage after a retrofit is recommended to be 5% 
(Andrews, 2001). However, many contractors strive for even lower leakage levels. For example, 
Eco Performance Builders (2025), a retrofit company based in the Bay Area, reports an average 
duct leakage of under 1% after a retrofit, while PV Heating, Cooling & Plumbing (Peavey, 
2025), based in the Atlanta metropolitan area, aims for 4% leakage or less. To reach this target, 
PV Heating, Cooling & Plumbing technicians seal all duct connections and joints using only duct 
mastic and high-quality mastic tape. Once a duct leakage test confirms that leakage is below the 
target threshold, they proceed to insulate the sealed duct areas. Achieving 4% duct leakage 
requires significant effort. In a typical home, it often takes multiple cycles of sealing and testing 
to meet this performance standard. Therefore, we assume this measure can achieve a 5% duct 
leakage rate. 
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2 Applicability  
The goal of this measure is to achieve 5% duct air leakage combined with R-8 insulation for 
ducts located in unconditioned spaces. Ducts in the conditioned spaces do not require treatment 
because their heat loss goes directly to the conditioned space and is therefore not “wasted”. This 
measure applies to dwelling units with either duct leakage to the outside greater than 6% or duct 
insulation less than R-6. Dwelling units with 0% leakage and uninsulated ducts are not included, 
as these configurations typically indicate that the ducts are located entirely within conditioned 
spaces and ResStock reflects this assumption. Though, ducts in real homes can pass through both 
conditioned and unconditioned spaces, requiring section-by-section treatment. Nevertheless, 
based on these assumptions, this duct sealing and insulation measure applies to approximately 
46.3% of the U.S. housing stock, as shown in Table 1.  

Table 1. Summarized Apply Logic for Duct Sealing and Insulation 

Housing 
Characteristics 

Housing 
Characteristics Upgrade Value 

Note 
Stock 
Saturation 
(%)  Duct Leakage and 

Insulation 
Ducts in 
conditioned space 

Duct Leakage and 
Insulation 

0% Leakage to Outside, 
Uninsulated 

Yes N/A No Retrofit 30.2 

10% Leakage to Outside, 
Uninsulated 

No 5% Leakage to 
Outside, R-8 

Seal & 
Insulate 5.5 

10% Leakage to Outside, 
R-4 

No 5% Leakage to 
Outside, R-8 

Seal & 
Insulate 3.9 

10% Leakage to Outside, 
R-6 

No 5% Leakage to 
Outside, R-6 Seal Only 0.9 

10% Leakage to Outside, 
R-8 

No 5% Leakage to 
Outside, R-8 Seal Only 1.8 

20% Leakage to Outside, 
Uninsulated 

No 5% Leakage to 
Outside, R-8 

Seal & 
Insulate 9.9 

20% Leakage to Outside, 
R-4 

No 5% Leakage to 
Outside, R-8 

Seal & 
Insulate 7.0 

20% Leakage to Outside, 
R-6 

No 5% Leakage to 
Outside, R-6 Seal Only 1.6 

20% Leakage to Outside, 
R-8 

No 5% Leakage to 
Outside, R-8 Seal Only 3.2 

30% Leakage to Outside, 
Uninsulated 

No 5% Leakage to 
Outside, R-8 

Seal & 
Insulate 5.7 

30% Leakage to Outside, 
R-4 

No 5% Leakage to 
Outside, R-8 

Seal & 
Insulate 4.0 

30% Leakage to Outside, 
R-6 

No 5% Leakage to 
Outside, R-6 Seal Only 0.9 

30% Leakage to Outside, 
R-8 

No 5% Leakage to 
Outside, R-8 Seal Only 1.8 

None N/A N/A No Retrofit 23.5 

  



5 

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

3 Modeling Approach 
ResStock assigns three characteristics related to air distribution ductwork for each housing unit: 
whether the unit has ducts, the location of the ducts, and a combined characteristic that includes 
both the level of duct insulation and the amount of leakage from the ducts to unconditioned 
space. This measure does not change whether ducts are present or their locations; it only changes 
the duct insulation and leakage. Air leakage and heat gains and losses are calculated for the 
fraction of the ductwork outside conditioned space. The primary location of the duct system is 
sampled from the ‘duct location.tsv’ file. OpenStudio-HPXML assigns the fraction of the duct 
area in the conditioned space if the duct location is in unconditioned space. If the number of 
floors above grade is greater than one, then 25% of the duct surface area is assigned to the 
conditioned space. OpenStudio-HPXML also assigns fractions of supply/return ducts with 
rectangular and circular cross-sections, which affects the effective R-value for a given nominal 
duct insulation R-value. 

3.1 OpenStudio-HPXML Overview 
The ResStock building stock energy model includes conditional probability distributions of 
building characteristics that represent the contiguous U.S. residential building stock. These 
distributions are sampled to create a synthetic stock, with each sample assigned an option for 
each characteristic for every dwelling unit to be simulated. ResStock utilizes the OpenStudio-
HPXML workflow to translate these dwelling characteristics into building models that can be 
simulated with OpenStudio® and EnergyPlus® using 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.   

3.2 Duct Sealing and Insulation Upgrades 
Each building characteristic assigned in ResStock is translated to OS-HPXML parameters via a 
file called options_lookup.tsv. A measure upgrade is modeled as changes to specific building 
characteristics of a model defined using the baseline building stock characteristics. This section 
covers the technical details of the duct sealing and insulation upgrade changes in the ResStock 
workflow. 

ResStock Inputs for the Duct Sealing and Insulation Upgrades 
Table 2 summarizes the inputs related to duct sealing and insulation in ResStock. OS-HPXML 
uses these inputs to create the HPXML file. As shown in Table 2, ResStock relies heavily on 
default assumptions from OS-HPXML for miscellaneous details. Table 3 lists the default values 
assigned by OS-HPXML. 
 

https://github.com/NREL/OpenStudio-HPXML/
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 2. ResStock Argument Values for the Duct Sealing and Insulation Upgrades 

ResStock Argument 5% Leakage to 
Outside, R-6 

5% Leakage to 
Outside, R-8 

Calculated by 
OpenStudio-
HPXML 

ducts_leakage_units Percent Percent No 
ducts_supply_leakage_to_outside_value 0.033 0.033 No 
ducts_return_leakage_to_outside_value 0.016 0.016 No 
ducts_supply_insulation_r 6 8 No 
ducts_return_insulation_r 6 8 No 
ducts_supply_buried_insulation_level auto auto Yes 
ducts_return_buried_insulation_level auto auto Yes 
ducts_supply_fraction_rectangular auto auto Yes 
ducts_return_fraction_rectangular auto auto Yes 

Default Inputs From OpenStudio-HPXML for the Duct Sealing and Insulation 
Upgrades 
The ResStock inputs in the table above are sent to OS-HPXML. Any values not specified by 
ResStock are calculated using the defaults in the BuildResidentialHPXML OpenStudio measure. 
See the OS-HPXML Air Distribution documentation for the available HPXML schema elements, 
default values, and constraints. 

Table 3. HPXML Default Values for the Duct Sealing and Insulation Upgrades 

HPXML Default Variable Value Units Notes 
ducts_supply_buried_insulation_level Not buried  - An option to indicate whether the 

supply and return ducts are buried 
in, e.g., attic loose-fill insulation. 
Partially buried ducts have 
insulation that does not cover the 
top of the ducts. Fully buried ducts 
have insulation that just covers the 
top of the ducts. Deeply buried 
ducts have insulation that extends 
above the top of the ducts. See the 
Building America Solution Center 
for more information. 

ducts_return_buried_insulation_level Not buried  - 

ducts_supply_fraction_rectangular 0.25 - The fraction of supply and return 
ducts that are rectangular (as 
opposed to round); this affects the 
duct effective R-value used for 
modeling. A value of 1.0 means 
DuctShape is “rectangular” and 0.0 
means DuctShape is “round” or 
“oval.” 

ducts_return_fraction_rectangular  1.0 - 

3.3 Electrical Panel  
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 

https://openstudio-hpxml.readthedocs.io/en/v1.8.1/workflow_inputs.html#air-distribution
https://basc.pnnl.gov/resource-guides/ducts-buried-attic-insulation
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to the ResStock Technical Reference Guide (Reyna, et al., 2025). Duct sealing and insulation do 
not introduce new electrical loads or circuits, so they have 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. 
4 Results 
This section first confirms the intended modeling approach for the upgrade by examining 
individual dwelling models, then shows the results if the upgrade were applied to the entire 
applicable building stock.  

4.1 Single Building Example 
This section analyzes three example dwelling units that received duct sealing and insulation 
upgrades. Before the upgrades, each unit had uninsulated ducts with 20% leakage to the outside. 
After the upgrades, duct leakage was reduced to 5%, and R-8 insulation was added. The units are 
in Hawai‘i (climate zone 1A), North Carolina (climate zone 3A), and Alaska (climate zone 
8AK), representing a range of climate conditions. The floor areas of these three dwelling units 
are different. Furthermore, the heating and cooling setpoint temperatures are also different. As a 
result, the baseline heating and cooling energy consumption can vary across the three example 
dwelling units, appearing either high or low. This section does not compare absolute energy 
consumption among these three example dwellings. Instead, it focuses solely on the percentage 
energy reduction achieved by the duct sealing and insulation. 

4.1.1 Individual Building Annual Energy Consumption 
Figure 1 shows the annual energy consumption of three example dwelling units before and after 
duct sealing and insulation upgrades. The upgrades resulted in reductions across several heating- 
and cooling-related end uses, including heating, cooling, heating and cooling fans/pumps, 
heating heat pump backup, and associated backup fans/pumps. 

The example dwelling unit in Hawai‘i (climate zone 1A) uses electricity for both heating and 
cooling. Its total cooling energy consumption (including cooling and cooling fans/pumps) was 
reduced from 46.5 MBtu to 38.6 MBtu, representing a 17% reduction. Because heating demand 
in Hawai‘i is negligible, heating savings are not analyzed for this location. 

The example dwelling unit in North Carolina (climate zone 3A) also uses electricity for both 
heating and cooling. Its cooling energy consumption was reduced from 11.3 MBtu to 9.0 MBtu, 
a 20% reduction. Additionally, total heating energy consumption (heating, heating fan/pumps, 
heat pump backup, and associated fans/pumps) was reduced from 19.7 MBtu to 14.7 MBtu, a 
25% reduction.  

The example dwelling unit in Alaska (climate zone 8AK) uses fuel oil for heating and has no 
cooling system; therefore, cooling savings are not analyzed for this location. Its total heating 
energy use (heating and heating fans/pumps) was reduced from 167 MBtu to 135.7 MBtu, 
representing a 19% reduction. 
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The percentage reduction in energy use for these three example dwelling units is similar to 
findings from a field study conducted by Jump et al. (1996). In that study, 24 houses in the 
Sacramento, California, area were tested before and after duct retrofitting. The average air 
leakage was reduced from 18% to 9% after the retrofit, resulting in an average 18% decrease in 
HVAC energy use (Jump, Walker, & Modera, 1996). 

 
Figure 1. Annual site energy consumption before and after duct sealing and insulation upgrade 

As shown in Table 4, the unmet heating and cooling hours either remained at zero or decreased 
after the duct sealing and insulation upgrade. 
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Table 4. Heating and Cooling Unmet Hours Before and After Duct Sealing and Insulation Upgrade 

Dwelling Unit State Climate 
Zone 

Unmet Hours Before 
Upgrade (hr) 

Unmet Hours After 
Upgrade (hr) 

Heating Cooling Heating Cooling 
Example 1 Hawai‘i 1A 0 112 0 91 
Example 2 North Carolina 3A 0 0 0 0 
Example 3 Alaska 8AK 0 0 0 0 

4.1.2 Individual Building Time Series 
Section 4.1.1 shows that for the example dwelling units, only heating- and cooling-related energy 
consumption changed as a result of the duct sealing and insulation upgrade. So, this section 
analyzes 15-minute time-series data for those end uses across the three example units, as shown 
in Figure 2.  Heating end uses include heating, heating fans/pumps, heating heat pump backup, 
and associated backup fans/pumps. Cooling end uses include cooling and cooling fans/pumps. 
January 2 is selected to examine the heating time-series data, while July 2 is selected to examine 
the cooling time-series data. The duct sealing and insulation upgrade consistently reduce energy 
use throughout the day in all example dwelling units. 

In North Carolina (climate zone 3A), as shown in Figures 2(a) and  2(b), the upgrades 
significantly lower summer cooling peaks in the afternoon as well as winter heating peaks in the 
morning and evening. 

In Hawai‘i (climate zone 1A), as shown in Figure 2(c), the upgrades help reduce cooling loads 
throughout the day. For the example dwelling in Hawai‘i, the sudden spikes in cooling energy 
consumption at 3:15 and 22:15, and the sharp drops at 7:15 and 12:15, are driven by changes in 
the cooling setpoint temperature. At 3:00 and 22:00, the setpoint decreases—from 67.5°F to 
66°F and from 70°F to 67.5°F, respectively—triggering increased cooling energy use over the 
following 15 minutes. In contrast, at 7:00 and 12:00, the setpoint rises—from 66°F to 68.5°F and 
from 68.5°F to 70°F—eliminating the cooling demand and resulting in zero energy use for the 
next 15 minutes. 

In Alaska (climate zone 8AK), as shown in Figure 2(d), the upgrades result in a steady reduction 
in baseline heating energy use across all hours. 

Overall, the results demonstrate that duct sealing and insulation upgrades are effective in 
improving energy efficiency across a range of climates, especially during periods of high thermal 
demand.  
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(a) (b) 

  
(c) (d) 

Figure 2. Heating and cooling energy consumption 15-minute time-series data before and after the 
duct sealing and insulation upgrade 

4.2 Stock Energy Impacts 

4.2.1 Annual Stock Energy Analysis 
Figure 3 shows the annual site energy consumption by end use before and after the duct sealing 
and insulation upgrade for all homes. The annual stock energy savings is 240 TWh, compared to 
a pre-upgrade consumption of 3,454 TWh—representing a 7% reduction. Most savings occurred 
in heating and cooling end uses. These include 8% (22 TWh) electricity heating savings, 11% 
(129 TWh) natural gas heating savings, 8% (14 TWh) fuel oil heating savings, 10% (13 TWh) 
propane heating savings, 35% (8 TWh) electricity heat pump backup heating savings, 11% (43 
TWh) electricity cooling savings, 12% (4 TWh) electricity heating fans and pumps savings, and 
13% (9 TWh) electricity cooling fans and pumps savings.  
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Figure 3. Annual site energy consumption for all homes 

Figure 4 shows the annual site energy consumption per upgraded dwelling unit by end use before 
and after the duct sealing and insulation upgrade for upgraded dwelling units, which make up 
46.5% of dwelling units. The average annual site energy savings is 3,701 kWh, compared to a 
pre-upgrade average consumption of 30,809 kWh—representing a 12% reduction. 
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Figure 4. Annual site energy consumption per upgraded dwelling unit 

Table 5 shows the annual energy consumption savings percentage per upgraded dwelling unit. 
As discussed earlier, most savings occurred in heating and cooling end uses. However, there is 
only a small change in hot water-related end uses. When both the water heater and ducts are in 
the same place (e.g., unheated basement, attic), hot water energy consumption can be slightly 
affected due to reduced heat transfer from the ducts. Furthermore, changes in indoor temperature 
also slightly impact hot water energy consumption. Overall, the effect on hot water energy use is 
minimal—less than 1%. 

There is also a very small change in appliance electricity use, primarily due to refrigerators. 
Refrigerators transfer heat from the interior to the surrounding air. When the surrounding air is 
cooler, refrigerators operate more efficiently and use less energy. The average indoor 
temperature over the year decreased slightly from 71.28°F to 71.26°F. This marginal cooling 
results in a slight reduction in refrigerator energy use. However, the impact is negligible—the 
change in appliance electricity consumption is 0.01%. 
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Table 5. Annual Site Energy Consumption Saving Percentage per Upgraded Dwelling Unit After 
Duct Sealing and Insulation Upgrade 

End Uses Percentage Savings (%) 

Electric Vehicle Charging, Electricity 0.00 
Hot Water, Propane -0.14 
Hot Water, Fuel Oil -0.56 
Hot Water, Natural Gas -0.16 
Hot Water, Electricity 0.00 
Heating Heat Pump Backup, Propane 0.00 
Heating Heat Pump Backup, Fuel Oil 0.00 
Heating Heat Pump Backup, Natural Gas 0.00 
Heating Heat Pump Backup, Electricity 51.66 
Heating Fans Pumps, Electricity 18.01 
Heating, Propane 17.35 
Heating, Fuel Oil 17.01 
Heating, Natural Gas 18.14 
Heating, Electricity 16.43 
Cooling Fans Pumps, Electricity 17.26 
Cooling, Electricity 16.18 
Lighting, Propane 0.00 
Lighting, Fuel Oil 0.00 
Lighting, Natural Gas 0.00 
Lighting, Electricity 0.00 
Vent Fan, Electricity 0.00 
Miscellaneous, Propane 0.00 
Miscellaneous, Fuel Oil 0.00 
Miscellaneous, Natural Gas 0.00 
Miscellaneous, Electricity 0.00 
Appliances, Propane 0.00 
Appliances, Fuel Oil 0.00 
Appliances, Natural Gas 0.00 
Appliances, Electricity 0.01 
Generation, Electricity 0.00 

Figure 5 shows that duct sealing and insulation upgrades yield the highest energy savings in 
homes with poor baseline duct conditions, especially those with high leakage and no insulation. 
For a given leakage level, uninsulated ducts result in the greatest energy savings, followed by 
ducts with R-4, then R-6 and R-8 insulation. Since ducts with R-6 and R-8 insulation are only 
sealed (not further insulated) in this upgrade, they yield similar savings. Conversely, for a given 
insulation level, higher duct leakage in baseline dwelling unit consistently leads to greater energy 
savings. 
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Figure 5. Annual site energy savings per upgraded dwelling unit after duct sealing and insulation 

upgrade, grouped by baseline duct leakage and insulation levels 

Figure 6 shows that older homes benefit the most from duct sealing and insulation upgrade. 
Homes built before 1940 achieve the highest average annual energy savings, with over 5,500 
kWh per dwelling unit. 

 
Figure 6. Annual site energy savings per upgraded dwelling unit after duct sealing and insulation 

upgrade, grouped by vintage 

Figure 7 shows that duct sealing and insulation reduce both heating and cooling unmet hours, 
with a more significant reduction in cooling unmet hours. 
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Figure 7. Annual unmet hours per upgraded dwelling unit 

4.2.2 Aggregated Time Series in Select State During the Peak Day 
Colorado is selected as a case study to analyze the aggregated time-series data. Of all national 
dwelling units, 1.7% are in Colorado. Figure 8 shows the aggregated average daily baseline 
energy consumption in Colorado, with February 20 identified as the day with the highest energy 
use. To further examine this peak, Figure 9 presents the aggregated average power on February 
20 in Colorado, comparing conditions before and after the duct sealing and insulation upgrade. 

 

Figure 8. Aggregated daily average energy consumption of baseline in Colorado 

Figure 9 shows that the duct sealing and insulation scenario consistently results in lower power 
demand throughout the day compared to the baseline, particularly during peak heating hours. 
The peak demand decreases from 12.9 kW per unit to 11.4 kW per unit, representing a 12% 
reduction. 
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Figure 9. Aggregated average power data in Colorado on peak day 

4.3 Stock Utility Bill Impacts 
Figure 10 shows a comparison of utility bills with this measure applied. Stock-wide total bill 
savings are 5%, with a 4% reduction in electricity bills and a 7% reduction in natural gas bills. 
This is similar to the magnitude of overall stock-level site energy savings. 

 
Figure 10. Annual utility bills per dwelling unit for all homes 
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