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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 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 represents 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 provided in the
final technical report of the End-Use Load Profiles project (NREL, 2025).

This documentation focuses on a single end-use savings shape package: advanced air sealing,
attic floor insulation, and duct sealing upgrade.

The advanced air sealing, attic floor insulation, and duct sealing upgrade achieved 22.6% total
site energy savings (780 TWh) for the U.S. residential building stock (Figure 5). These savings
are primarily attributed to:

e 40% stock natural gas heating savings (458 TWh)
e 36% stock electricity heating savings (92 TWh)
e 21% stock electricity cooling savings (80 TWh).
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ResStock 2025 Release 1 Measure Documentation:
Advanced Air Sealing, Attic Floor Insulation, and Duct

Sealing

Accessing Results

This documentation covers the “advanced air sealing, attic floor insulation, and duct sealing”
measure upgrade methodology and briefly discusses key results. All results can be accessed on
the ResStock Open Energy Data Initiative “End-Use Load Profiles for the U.S. Building Stock”
data lake and on the data viewer at resstock.nlr.gov.

Measure Summary

Measure Title

Advanced Air Sealing, Attic Floor Insulation, and Duct Sealing

Measure
Definition

Applicability

Not Applicable

Original
Release

Project
Configuration
File(s)

This upgrade measure package applies advanced air sealing, attic floor insulation,
and duct sealing and insulation for applicable dwelling units. A dwelling unit may
receive none, some, or all three individual measures, depending on its housing
characteristics.

This measure applies to all dwellings that have one of the following housing
characteristics:

e Equal or more than 6 ACHS50 infiltration rate

¢ Unfinished attic & less than R-49 attic floor insulation & in climate zone 1

¢ Unfinished attic & less than R-60 attic floor insulation & in climate zones 2 through

8
¢ More than 6% duct leakage to outside
e Less than R-6 duct insulation.

With these applicability constraints, 97.9% of the existing dwelling units receive at
least one of the measures.

This measure does not apply to dwelling units that have none of the following housing
characteristics:

e Equal or more than 6 ACH50 infiltration rate

¢ Unfinished attic & less than R-49 attic floor insulation & in climate zone 1

o Unfinished attic & less than R-60 attic floor insulation & in climate zones 2 through
8

e More than 6% duct leakage to outside
e Less than R-6 duct insulation.

These constraints exclude 2.1% of the dwelling units from receiving this measure
upgrade.

2025 Release 1: 2025/resstock_amy2018 release_1

https://github.com/NatLabRockies/resstock/blob/sdr 2025 Release 1/project nationa
I/sdr_upgrades amy2018.yml.
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1 Technology Summary

This upgrade package, which includes advanced air sealing, attic floor insulation, and duct
sealing, combines three key areas of a retrofit measures. The goal of these upgrades is to reduce
heat losses in winter and retain cool air in the conditioned space during summer. Air sealing
alone does not eliminate the need for insulation (DOE, 2025). Insulation and air sealing work
best together to improve comfort and energy efficiency. Therefore, they are often implemented
as a package to address complementary aspects of a home’s energy performance, and their
combined effect is much greater than any single measure alone. Together, these upgrades help to
lower energy bills, enhance indoor comfort and improve indoor air quality year round.

1.1 Introduction to Technology

Air Sealing

Air sealing involves identifying and closing large and small gaps, cracks, and penetrations in the
home’s primary or secondary pressure boundaries, such as around windows, doors, attic hatches,
and plumbing or wiring holes (DOE, 2025). These leaks, whether large or small, accumulate and
can allow a substantial amount of heated or cooled air escape. By reducing air leaks, air sealing
improves indoor comfort, maintains more stable temperatures, and reduces the workload on the
heating and cooling system. Air sealing is especially important in older homes, which typically
have more leaks (Alliance, 2025). Refer to the air sealing documentation for more information
on common leakage points, and best practices for sealing, and prescriptive air leakage rates
based on climate zones (Phoung, Lou, & White, 2025a).

Attic Floor Insulation

Insulating the attic floor reduces heat transfer between the living space and the unconditioned
attic. In colder climates, this keeps heat inside during winter. In warmer climates, it helps keep
the living space cooler. The effectiveness of insulation is measured by its R-value; a higher R-
value indicates better resistance to heat flow. Installing insulation in existing homes typically
involves blowing loose-fill insulation over the attic floor, especially in unfinished attics. The
optimal insulation level depends on the climate zone and the home’s existing insulation. Refer to
the attic insulation documentation for guidance on recommended R-values and installation
approaches (Phoung, Lou, & White, 2025b).

Duct Sealing and Insulation

Ducts distribute heated or cooled air throughout the house. In many homes, especially older
ones, these ducts have leaks that allow conditioned air to escape into unconditioned or semi-
conditioned spaces like attics or crawlspaces. As a result, the system must work harder and use
more energy to maintain the desired temperature. Duct sealing addresses these leaks using
mastic, metal tape, or an aerosol-based sealant, depending on the situation. Sealing ducts
improves system efficiency, maintains more consistent room temperatures, and enhances indoor
air quality by preventing dirty attic or crawlspace air from entering the ducts. Duct sealing can
also reduce unintentional pressure imbalances, which may cause indoor air quality or combustion
safety concerns. See the duct sealing documentation for more information on methods and
materials (Lou & Liu, 2025).

2
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1.2 Technical Measure Details

To maximize energy efficiency and based on building science principles, the correct order for
implementing this upgrade package is: (1) advanced air sealing, (2) duct sealing, and (3) attic
floor insulation. Reducing air leakage is the foundation of energy efficiency. It helps control
indoor temperatures and moisture and improves the effectiveness of insulation and HVAC
systems. Sealing leaks before adding insulation ensures the insulation performs as intended. It
also makes leaks easier to identify and reduces the burden on field staff, since they are not
working around additional insulation. Once air sealing targets are met, it is essential to address
the HVAC system by sealing any leaky ducts to prevent the loss of conditioned air, particularly
in unconditioned spaces like attics or crawlspaces. Attic floor insulation should be installed last.
While highly effective, it must follow air and duct sealing to avoid covering up critical areas that
require sealing and to ensure ducts running through the attic are properly sealed and insulated
beforehand.

Therefore, we assume that upgrades will be implemented in the following sequence:

Advanced air sealing is applied first to applicable dwelling units, with the goal of achieving 5
ACHS50. While some regions require tighter envelopes for new construction, 5 ACHS50 reflects
the average infiltration rate achieved in empirical studies across representative climate zones and
ensures that selected homes do not already comply with 2024 IECC requirements (Phoung, Lou,
& White, 2025a).

After air sealing, HVAC ducts in applicable homes are sealed and insulated to achieve the
following:

¢ A maximum of 5% duct air leakage to the outside
e Duct insulation level of R-8.

Attic floor insulation is the upgraded in applicable dwelling units to the following levels:
e R-49 in climate zone 1
e R-60 in climate zones 2 through 8.

More details about the modeling assumptions for these three measures can be found in the
accompanying documentation (Phoung, Lou, & White, 2025a) (Phoung, Lou, & White, 2025b)
(Lou & Liu, 2025).
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2 Applicability

Advanced air sealing upgrades are applied to dwelling units with infiltration rates greater than or
equal to 6 ACHS50.

Attic floor insulation upgrades are applied only to dwelling units with unfinished attics (vented
and unvented attic types in ResStock). Specifically, upgrades are triggered when attic floor
insulation is below the following levels: less than R-49 in climate zone 1 and less than R-60 in
climate zones 2 through 8.

Duct sealing applies to dwelling units with duct leakage to the outside greater than 6% or duct
insulation rated below R-6. Dwelling units with 0% leakage to the outside and uninsulated ducts
are not applicable, as these configurations typically indicate that the ducts are located entirely
within conditioned spaces.

Further details on the applicability criteria and stock saturation for each of these three measures
can be found in the accompanying documentation (Phoung, Lou, & White, 2025a) (Phoung, Lou,
& White, 2025b) (Lou & Liu, 2025). Table 1 summarizes the stock saturation for the upgrade
package that includes all three measures. This comprehensive package is applicable to
approximately 97.9% of the U.S. housing stock. However, most homes receive only one or some
of these upgrades. Only 27.8% of homes receive all three upgrades.

Table 1. Stock Saturation for the Envelope Package Upgrades (Advanced Air Sealing + Attic
Insulation + Duct Sealing and Insulation)

Advanfjepdgg:i eSeaImg Attic Fbop(;'rlandseulatlon II'IIJSl:ﬁ; tsigsll{?gg?fzge Stock Saturation (%)
NO NO NO 21
NO NO YES 1.5
NO YES NO 1.0
NO YES YES 3.1
YES NO NO 39.7
YES NO YES 14.0
YES YES NO 10.7
YES YES YES 27.8

When reviewing results for this measure package, here is a brief example of how to filter
dwelling units that received some or all three individual measures of the package upgrade. First,
consult the enumeration dictionary for this release. The enumeration dictionary for ResStock
2025 Release 1 is available on OEDI and describes the column names and possible values for
each column. The enumeration dictionary for this dataset release will be in a folder like oedi-
data-lake/nlr-pds-building-stock/end-use-load-profiles-for-us-building-stock/2025. For this
measure upgrade, the primary columns of interest are in.infiltration, in.insulation ceiling, and
in.duct leakage and insulation. Filter these columns in your data file to the values specified in
Table 2 to view only the dwelling units and results applicable to each individual measure
upgrade.
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Table 2. Housing Characteristics That Are Applicable to Individual Measures

Upgrade Measure Housing Characteristics

in.infiltration is 6 ACH50, 7 ACH50, 8 ACH50, 10 ACH50, 15 ACH50, 20 ACH50,
25 ACH50, 30 ACH50, 40 ACH50, 50 ACH50

in.insulation_ceiling is Uninsulated, R-7, R-13, R-19, R-30, R-38 if the dwelling
Attic Floor Insulation unit is in climate zone 1. in.insulation_ceiling is Uninsulated, R-7, R-13, R-19, R-
30, R-38, R-49 if the dwelling unit is in climate zones 2 through 8.

Advanced Air Sealing

in.duct_leakage_and_insulation is 10% Leakage to Outside, R-4; 10% Leakage
to Outside, R-6; 10% Leakage to Outside, R-8; 10% Leakage to Outside,
Duct Sealing and  Uninsulated; 20% Leakage to Outside, R-4; 20% Leakage to Outside, R-6; 20%
Insulation Leakage to Outside, R-8; 20% Leakage to Outside, Uninsulated; 30% Leakage
to Outside, R-4; 30% Leakage to Outside, R-6; 30% Leakage to Outside, R-8;
30% Leakage to Outside, Uninsulated

3 Modeling Approach

The modeling approach of the three individual measures can be found in the accompanying
documentation (Phoung, Lou, & White, 2025a) (Phoung, Lou, & White, 2025b) (Lou & Liu,
2025).

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). This measures 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.
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4 Results

This section first confirms the intended modeling approach for the upgrade by examining
individual dwelling models, then presents the results if the upgrade were applied to the entire
applicable building stock.

4.1 Single Building Example

This section examines a dwelling unit in Colorado (climate zone 5B) that underwent the
envelope package upgrade, which includes advanced air sealing, attic floor insulation, and duct
sealing and insulation. Table 3 presents the housing characteristics of the unit before and after
the upgrade. To assess the package’s effectiveness, we compared the performance of the unit
with the full upgrade to its performance when each of the three individual measures was applied
separately.

Table 3. Housing Characteristics of the Example Dwelling Unit Before and After the Envelope
Package Upgrades (Advanced Air Sealing + Attic Insulation + Duct Sealing and Insulation)

Housing Characteristics Before Envelope Package After Envelope Package
Upgrades Upgrades
Infiltration 25 ACH50 5 ACH50
Insulation Ceiling R-38 R-60
(o] 1 o 1
Duct Leakage and Insulation 10% Leak.age to Outside, 5% Leakage to Outside,
Uninsulated R-8

4.1.1 Individual Building Annual Results

Figure 1 shows the annual energy consumption of the example dwelling unit under the full
envelope package upgrade and under each of the three individual measures applied separately.
Among these four scenarios, heating energy use shows the largest reduction, dropping from
105.5 MBtu in the baseline to 65.3 MBtu with the full upgrade, a 38% decrease. Cooling energy
use also decreases slightly, while hot water energy use remains nearly unchanged. All other end
uses are unaffected.

The envelope upgrade reduced heat loss from the dwelling, which led to a slight increase in hot
water energy consumption. In this example, the water heater is in an unheated basement. By
preventing heat loss during winter and retaining cool air during summer, the upgrade improves
overall thermal efficiency. However, because the unit is heating-dominated, the reduction in heat
loss during winter is more significant than the benefit of retaining cool air in summer. As a
result, less ambient heat is released into the unheated basement, causing the water heater to work
harder and use slightly more energy to maintain the desired water temperature.

The comprehensive envelope upgrade package reduces the dwelling unit’s annual total energy
use from 165 MBtu to 122 MBtu, a 26% reduction. In contrast, advanced air sealing, duct sealing
and insulation, and attic floor insulation individually reduced energy consumption by 18%, 8%,
and 1%, respectively. This demonstrates that the full envelope package maximizes energy
efficiency, highlighting the synergistic benefits of combining all three measures.
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An Example Dwelling Unit, Colorado (Climate Zone 5B)

B Others, AllFuels B Heating, Gas M Heating Fans/Pumps, Elec M Cooling, Elec M Cooling Fans/Pumps, Elec Hot Water, Gas

1.7 0.2
Air Sealing +
Attic Floor Insulation + 26.1 65.3 8.3 20.7
Duct sealing and Insulation
25 0.2
Duct Sealing and Insulation 26.0 94.1 8.4 20.6
2.7 0.2
Attic Floor Insulation 26.1 103.3 9.5 20.5
2.0 0.2
Air Sealing 26.1 75.9 N 206
2.7 0.2
Baseline 26.1 105.5 9.6 20.5
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0

Annual Energy Consumption (MBtu)

Figure 1. Annual site energy consumption before and after envelope upgrades

Figure 2 further breaks down the annual energy savings for the dwelling unit, showing the
impact of each individual measure and the combined effect of the full envelope upgrade package.
Advanced air sealing provides the largest savings at 30.2 MBtu, followed by duct sealing and
insulation (12.8 MBtu). Attic floor insulation alone contributes a modest 2.4 MBtu. When all
measures are implemented together, total savings reach 42.5 MBtu, which is slightly lower than
the sum of the individual impacts. However, with only one example dwelling unit, it is difficult
to determine whether combined measures consistently result in higher or lower savings than the
sum of individual impacts. A broader assessment will be conducted in the stock-level analysis in
Section 4.2.

An Example Dwelling Unit, Colorado (Climate Zone 5B)

M Air Sealing Attic Floor Insulation M Duct Sealing and Insulation
Savings from
Measure Package —
Savings from
Individual Measure s0.2 24 128
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0

AnnualTotal Energy Consumption Savings (MBtu)

Figure 2. Annual site energy consumption savings from envelope upgrades
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As shown in Table 4, unmet heating hours either remained at 0.25 or were reduced to zero after
the envelope upgrade, while unmet cooling hours consistently decreased across all scenarios. The
full envelope package provides the most significant improvement, reducing unmet cooling hours
from 291.5 to 31.5, an 89% reduction.

Table 4. Heating and Cooling Unmet Hours Before and After the Envelope Upgrades

Upgrades Heating Unmet Hours (hr) Cooling Unmet Hours (hr)
Baseline 0.25 291.50
Advanced Air Sealing 0.00 193.00
Attic Floor Insulation 0.25 240.25
Duct Sealing and Insulation 0.00 71.71
Advanced Air Sealing + Attic
Floor Insulation + Duct Sealing 0.00 31.50

and Insulation

4.1.2 Individual Building Time-Series Results

Section 4.1.1 shows that only heating- and cooling-related energy consumption changed
significantly due to the envelope upgrades. Therefore, this section analyzes 15-minute time-
series data for these end uses under the full envelope package upgrade and each individual
measures applied separately. Heating end uses include heating and heating 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.

Figure 3 shows that each envelope upgrade reduces heating energy consumption compared to the
baseline. The combined upgrade package (dark blue line) consistently shows the lowest heating
energy consumption throughout the day, indicating cumulative savings from all measures. The
sudden drop in heating energy consumption at 2:15 and the rise at 11:15 are caused by changes
in the heating setpoint temperature. At 2:00, the setpoint drops from 70°F to 67°F, eliminating
the need for heating and resulting in zero energy use from 2:00 to 2:15. At 11:00, the setpoint
increases from 67°F to 70°F, triggering a spike in heating energy use from 11:00 to 11:15. After
that, heating energy consumption returns to normal.
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An Example Dwelling Unit, Colorado (Climate Zone 5B)

— Baseline e Air Sealing Attic Floor e Duct Sealing e Air Sealing + Setpoint
Insulation and Insulation Attic Floor Insulation +
Duct sealing and Insulation
4.5 70.5
= 70
4
=
= 69.5
| 69
£ 3 ~
5 ™
0 68.5 2
g 2.5 ‘é
% 68 2
2 =
g | 675 o
w15 !
E’ 67
g ! 66.5
Q
0.5 66
0 65.5

0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
July 2nd

Figure 3. Heating energy consumption 15-minute time-series data before and after envelope
upgrades

Figure 4 shows that each envelope upgrade reduces cooling energy consumption compared to the
baseline. The combined upgrade package (dark blue line) consistently results in the lowest
cooling energy use from 12:45 to 22:00, when cooling demand is high, indicating cumulative
savings from all measures. During 0:00—12:15 and 23:30-24:00 when cooling demand is
minimal or absent in the baseline model, cooling energy consumption increases after the
envelope package upgrade. This increase is due to the reduced air exchange and heat loss
resulting from the improved building envelope. In the baseline model, natural cooling occurred
during these hours through air leakage and lower outdoor temperatures. After the upgrade, the
dwelling unit becomes more airtight and better insulated, reducing passive cooling and resulting
in small cooling loads in the upgraded model to maintain indoor comfort.

The sudden rise in cooling energy consumption at 0:15 is driven by changes in the cooling
setpoint temperature of this example dwelling unit. At 0:00, the setpoint drops from 72°F to
70°F, triggering a spike in cooling energy use from 0:00 to 0:15. Afterward, cooling energy
consumption returns to normal.
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An Example Dwelling Unit, Colorado (Climate Zone 5B)
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Figure 4. Cooling energy consumption 15-minute time-series data before and after envelope
upgrades

4.2 Stock Energy Impacts

4.2.1 Annual Stock Energy Analysis

Figure 5 shows the annual site energy consumption by end use before and after the envelope
package upgrades for all homes. The annual stock energy savings from the envelope package
upgrade is 780 TWh, compared to a pre-upgrade average consumption of 3,454 TWh—
representing a 22.6% reduction. Most savings occurred in heating and cooling end uses. These
include 36% (92 TWh) electricity heating savings, 40% (458 TWh) natural gas heating savings,
37% (62 TWh) fuel oil heating savings, 36% (47 TWh) propane heating savings, 68% (15 TWh)
electricity heating heat pump backup savings, 21% (80 TWh) electricity cooling savings, 39%
(14 TWh) electricity heating fans and pumps savings, and 20% (13 TWh) electricity cooling fans
and pumps savings.
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Electric Vehicle Charging, Electricity Upgrade Scenario
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Figure 5. Annual site energy consumption for all homes

Figure 6 shows the annual site energy consumption per dwelling unit by end use before and after
the envelope package upgrades for upgraded dwelling units, which include 97.9% of all dwelling
units. The average annual energy savings from the envelope package upgrade is 5,704 kWh,
compared to a pre-upgrade average consumption of 24,849 kWh—representing a 23.0%
reduction.
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Electric Viehicle Charging, Electricity Upgrade Scenario
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Figure 6. 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 were observed 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 or attic), hot water energy consumption can be
affected slightly due to reduced heat transfer from the ducts. If the water heater is in the attic, it
can also be affected by improved attic floor insulation. Additional details are available in the
duct sealing and attic floor insulation documentation (Lou & Liu, 2025) (Phoung, Lou, & White,
2025b). Furthermore, indoor temperature changes also influence hot water energy use. Overall,
the impact on hot water energy consumption is less than 0.2%.

There is also a very small change in appliance electricity use, primarily for refrigerators.
Refrigerators work by transferring heat from the interior to the surrounding air. When the
surrounding air is cooler, a refrigerator operates more efficiently and uses less energy. The
average indoor temperature over the year increased slightly from 71.28°F to 71.46°F. This slight
increase in temperature results in a minor increase in refrigerator energy use. However, the
impact is negligible—the change in appliance electricity consumption is 0.21%.
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Table 5. Annual Site Energy Consumption Saving Percentage per Upgraded Dwelling Unit After
the Envelope Package Upgrades (Advanced Air Sealing + Attic Insulation + Duct Sealing and

Insulation)

End Uses Percentage Savings (%)
Electric Vehicle Charging, Electricity 0.00
Hot Water, Propane 0.05
Hot Water, Fuel Oil - 12
Hot Water, Natural Gas 0.03
Hot Water, Electricity 0.05
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

Heating Fans Pumps, Electricity 39.03
Heating, Propane 37.21
Heating, Fuel Oil 37.95
Heating, Natural Gas 40.04
Heating, Electricity 36.36
Cooling Fans Pumps, Electricity 20.02
Cooling, Electricity 20.96
Lighting, Propane 0.00
Lighting, Fuel Oll 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 _
Generation, Electricity 0.00

Figure 7 shows that older homes benefit most from the envelope package upgrades. Homes built
before 1950 achieve over 28% annual energy savings, compared to less than 24% for homes built
after 1950.
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Figure 7. Annual site energy consumption saving percentage per upgraded dwelling unit, grouped
by vintage

Figure 8 shows that the envelope package reduces both heating and cooling unmet hours, with a
greater reduction in cooling unmet hours.
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Figure 8. Annual unmet hours per upgraded dwelling unit

Figure 9 shows the annual energy consumption savings from individual and combined envelope
measures, based on 27.8% of dwelling units where all three individual measures apply. When all
measures are implemented together, 91.1% of the units experience total savings that are slightly
lower than the sum of the individual savings, while 8.9% see total savings that slightly exceed
the sum of the individual impacts. The slightly lower savings observed in most units result from
overlapping effects among the measures. For example, both attic insulation and advanced air
sealing reduce heat loss, but their impacts partially overlap, so the combined effect is not fully
additive.

For the 8.9% of dwelling units that achieve higher savings from the envelope package, the
benefit comes from the HVAC performance curve, particularly for cooling. The envelope
package yields greater improvements in cooling energy consumption per unit of delivered
cooling than the sum of the individual measures. Although it reduces delivered cooling less than
the sum of the individual measures, the efficiency gains result in higher overall energy savings.
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Figure 9. Annual site energy consumption savings from individual and combined envelope
measures for dwelling units eligible for all individual measures

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 10 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 11 presents the aggregated average power on February
20 in Colorado, comparing conditions before and after the envelope package upgrade.
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Figure 10. Aggregated daily average energy consumption of baseline in Colorado

15

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



Figure 11 shows that the envelope package upgrade consistently results in the lowest power
demand throughout the day compared to the baseline. The peak demand decreases from 12.9 kW
per unit to 9.2 kW per unit, representing a 29% reduction.

13

Baseline

~—— Upgrade
12

11

10

[a2]

7

aggregated average power (KW)
o

6

5

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
Feb 20, 2018

time
Figure 11. Aggregated average power data in Colorado on peak day

4.3 Stock Utility Bill Impacts

Figure 12 shows a comparison of utility bills with this measure applied. Stock-wide total bill
savings are 16%, with an 11% reduction in electricity bills and a 26% reduction in natural gas
bills. This is similar to the magnitude of overall stock-level site energy savings.
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Figure 12. Annual utility bills per dwelling unit for all homes
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