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HVAC heating, ventilation, and air conditioning
IECC International Energy Conservation Code
kW kilowatt

kWh kilowatt-hour (1 thousand watt-hours)
MBtu million British thermal units

NLR National Laboratory of the Rockies
R-Value the insulation’s resistance to heat flow measured in ft*>-°F-hr/Btu
TWh terawatt-hours (1 trillion watt-hours)
USD United States dollar

v

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



Executive Summary

The goal of this work is to develop energy efficiency, demand flexibility, and other retrofit end-
use load shapes (electricity, gas, propane, or fuel oil) that cover a majority of the high-impact,
market-ready (or nearly market-ready) measures. “Measures” refers to retrofits that can be
applied to buildings during modeling.

An “end-use savings shape” is the difference in energy consumption between a baseline building
and a building with an energy efficiency, demand flexibility, or other retrofit measure applied. It
results in a time-series profile that is broken down by end use and fuel (electricity or on-site gas,
propane, or fuel oil use) at each time step.

ResStock™ is a highly granular, physics-based, bottom-up model that uses multiple data
sources, statistical sampling methods, and advanced building energy simulations to estimate the
annual subhourly energy consumption of the residential building stock across the United States.
The baseline model intends to represent the U.S. residential building stock as it existed in 2018.
Technical documentation for the inputs and assumptions in the baseline building stock model is
available in Reyna (2025) [1]. Calibration and validation of the baseline model results are
available in the final technical report of the End-Use Load Profiles project [2].

This documentation focuses on a single end-use savings shape measure: attic floor insulation for
unfinished attics.

This upgrade demonstrated 2.2% total site energy savings (76 TWh) for the U.S. residential
building stock (Figure 8). These savings are primarily attributed to:

e 3.7% stock natural gas heating savings (42 TWh)
e 4.0% stock electricity heating savings (10 TWh)
o 2.4% stock electricity cooling savings (9.4 TWh).
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ResStock 2025 Release 1 Measure Documentation:
Attic Floor Insulation

Accessing Results

This documentation covers the “attic floor insulation for unfinished attics” 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 Attic Floor Insulation

Title

Measure This measure upgrades attic floor insulation in unfinished attics where the existing R-

Definition value falls at least R-10 value below the maximum level recommended by the IECC for
each unit’s climate zone. The post-retrofit R-value is set to reflect the maximum value
recommended by code, while still aligning with outcomes observed in empirical studies.
For example, while the IECC recommends an R-value range of R-49 to R-60 for climate
zone 2, dwelling units in this zone are upgraded to R-60 to represent the upper bound of
achievable performance. This approach ensures that the modeled retrofit captures both
the energy savings potential of code-compliant upgrades and the levels typically
achieved in field implementations.

Applica- This measure applied to all units that meet the following conditions:

bilit

y e The unit has an existing unconditioned and accessible attic
e The existing attic floor insulation R-value is below the IECC-recommended level for
the corresponding climate zone.

With these applicability constraints, the measure upgrade applies to 42.9% of existing
dwelling units.

Not e This measure package will not apply to: Dwellings without existing attics

Applicable + Dwellings with floor insulation R-value at the code requirement.
These constraints exclude 57.1% of dwelling units from receiving this measure upgrade.

Original 2025 Release 1: 2025/resstock_amy2018 release _1;

Release 2025/resstock_amy2012_release_1; 2025/resstock_tmy3_release_1

Project https://github.com/NatLabRockies/resstock/blob/sdr 2025 Release 1/project national/s

Configurat dr upgrades amy2018.yml

ion File(s)

1
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1 Technology Summary

Attic floor insulation for unfinished attics is designed to reduce heat transfer between the
unconditioned attic space and the conditioned living areas below. This thermal separation helps
improve energy efficiency, lower heating and cooling costs, enhance indoor comfort, and
manage moisture within the home. This section provides an overview of the insulation materials
commonly used for attic floors and outlines the recommended R-values based on U.S. climate
zones, as established by the International Energy Conservation Code (IECC). These
specifications inform the insulation levels included in this measure upgrade.

1.1 Introduction to Technology

Attic floor insulation for unfinished attics involves placing insulation material between or over
the attic floor joists to improve the thermal boundary between the living spaces below and the
unconditioned attic spaces above. The primary intention behind attic insulation is to reduce heat
transfer to improve energy efficiency, lower heating and cooling costs, increase thermal comfort,
and managing moisture within the home [3], [4], [5]. Common attic floor insulation methods for
unfinished attics include batt and roll insulation, loose-fill and blown-in insulation, and sprayed
foam and foamed-in-place [5]. Batt and roll insulation, typically made from fiberglass, mineral
wool, or cotton, is straightforward to install between attic floor joists but must be fitted carefully
to avoid gaps or compression, which can compromise performance. Loose-fill (blown-in)
insulation, typically made from cellulose, fiberglass, and mineral wool, is typically blown into
place using special equipment. Sprayed foam and foamed-in-place, typically made with
cementitious, phenolic, polyisocyanurate, and polyurethane materials, is applied using either low-
pressure kits (commonly used for small-scale applications) or high-pressure sprayers for larger
coverage areas. Both types are pressurized and expand on contact to fill gaps and irregular
spaces. All of these methods are effective ways to add insulation in existing unfinished areas
with irregular shape; see Table 1 for more details [3], [5].

Note that prior to insulating, attic air sealing is recommended for maximizing insulation
effectiveness and reducing air-transported moisture from the conditioned space into the attic. Air
sealing reduces air infiltration to help ensure that insulation performs optimally without
compromising thermal resistance due to air leakage [3]. Refer to the air sealing documentation
for more details [6]
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Table 1. Insulations Materials, Applicability, Methods, and Advantages by Insultation Type

Table recreated from [5]

Installation

Type Material Where Applicable Methods Advantages
Blanket: batts e Fiberglass * Unfinished walls,  Fitted between Do-it-yourself.
and rolls Mineral (rock or including studs, joists, and Suited for standard
slag) wool foundation walls ~ beams, draped stud and joist spacing
Plastic fibers e Floors and ?gfr:duar](ifgimv?adlls that is relatively free
ili 3 from obstructions.
Natural fibers celiings Het

Loose-fill and
blown-in

Sprayed
foam and

foamed-in-
place

Cellulose
Fiberglass
Mineral (rock or
slag) wool

Cementitious
Phenolic
Polyisocyanurate
Polyurethane
(formulated for
insulation)

¢ Enclosed existing
wall or open new
wall cavities

¢ Unfinished attic
floors

e Other hard-to-
reach places

¢ Enclosed existing
wall

e Open new wall
cavities

¢ Unfinished attic
floors

Blown into place
using special
equipment.

Applied using
small spray
containers or in
larger quantities
as a pressure

sprayed (foamed-

in-place) product.

Relatively
inexpensive.

Good for adding
insulation to existing
finished areas,
irregularly shaped
areas, and around
obstructions.

Good for adding
insulation to existing
finished areas,
irregularly shaped
areas, and around
obstructions.

1.2 Technical Measure Details

1.2.1 R-Value

To measure and evaluate the effectiveness of attic floor insulation for unfinished attics, the
primary consideration is thermal resistance, which is measured by R-value (ft*-°F-hr/Btu). The
R-value quantifies the insulation’s resistance to heat flow; higher values indicating greater
insulating effectiveness. R-values are standardized and widely recognized by energy codes to
ensure consistency and comparability, such as the International Energy Conservation Code
(IECC) [7], [8]. For attic floor insulation specifically, recommended R-values vary by climate
zone, ranging from R-30 in warmer climates to R-60 or higher in colder regions [8]. The U.S.
Department of Energy (DOE) provides specific recommendations for attic insulation R-values
based on climate zones; see details in Table 2. As shown in Table 2, units with uninsulated attics
are recommended to install more insulation to achieve higher final R-values. In contrast, homes
with 3—4 inches of existing insulation (approximately R-11 to R-15) show the amount of
additional insulation that should be added, not the final total R-value. Table 3 summarizes
achieved R-values from different empirical studies. These tables serve as reference points for
retrofit applications.
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Table 2. Details of Recommended R-Value for Attic Insulation by Climate Zone

Table recreated from [8]

If Attic Has 3-4 Inches of Existing Attic

Climate Zone If Attic Is Uninsulated .5, jation (Additional to R-Value to Add)

1 R-30 to R-49 R-19 to R-38

2 R-49 to R-60 R-38 to R-49
3 R-49 to R-60 R-49
4 except Marine R-60 R-49
4 Marine & 5 R-60 R-49
6 R-60 R-49
788 R-60 R-49

Table 3. Summary of Attic Floor Insulation Empirical Studies Across Climate Zones, Showing Pre-
and Post-Retrofit R-Values Used to Inform Measure Assumptions

Climate Methods Pre- Post-

Location (s) Zone Retrofits Retrofits References

St. 1 multi-use facility / transitional
Petersburg, FL SC housing. Insulated at ceiling. R~ REES ol

A gut renovation of 126
residential units in the
Chamberlain Heights retrofit
project. The affordable housing
community comprises 36
buildings in duplex and quad
configurations located on 22 R-19 R-a4 [10]
acres within two miles of
downtown Meriden, CT.
Blown-in fiberglass (R-44) was
achieved in mudroom addition
attics.

Meriden, CT 5

Up to R-50.
MA 5 350 homes Majority are [11]
R-40.
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2 Applicability

The attic floor insulation upgrade logic is based on a threshold approach, where homes are
eligible for retrofit if their existing attic insulation R-value is below the IECC 2021-
recommended level for their respective climate zone (Table 2). However, a minimum threshold
is set such that the existing R-value must be at least R-10 values lower than the maximum
recommended level to qualify for the upgrade. This constraint is applied to avoid inefficient
retrofits with marginal benefit, since adding insulation to already well-insulated attics provides
diminishing returns in energy savings and may not be cost-effective. Target R-values are
assigned by climate zone using DOE-recommended R-values in Table 2 as guidance. Table 3
shows R-values that are typically achieved through retrofits from previous empirical studies. The
following logics are applied to existing units:

1. Units have existing attics (automatically exclude multifamily units and mobile homes).

2. Existing attics have an R-value at least R-10 lower than targeted attic insulation level
specified for their climate zone in Table 2.

3. Use the upper bound of recommended attic insulation by climate zone in Table 2 to
simulate the highest energy savings scenario.

Note that in Table 2 and Table 3, the highest bound of R-value range is used in the simulations to
represent the most energy-efficient scenarios. Previous studies are referenced to demonstrate that
these R-values are reasonable as an upper bound. But, in some cases, our simulations test higher
R-values than are typically installed. To determine eligibility for an upgrade, the existing attic
must be at least 10 ft>-°F-hr/Btu (R-value) below the target for its climate zone. For example, a
unit with existing R-29 won’t get upgraded to R-30 because the marginal benefit of adding 1 R-
value is negligible. The R-10 below target rule ensures that upgrades are applied only where
they provide meaningful savings. Also, by including only dwellings with attics, this will
automatically only include single-family units because ResStock only models attics for single-
family units, whereas multifamily models do not include attics. Figure 1 and Figure 2 show the
distribution of baseline insulation level by vintage and climate zone, respectively.

Table 4. Summarized application logic for attic floor insulation for unfinished attics

. Climate . - Target Insulation Stock
Attic Type Zone Insulation Ceiling Ceiling Saturation
Vented Attic, Uninsulated, R-7, R- S
unvented attic 1 13, R-19, R-30, R-38 Rk o
. Uninsulated, R-7, R-
Vented Attic, 2,3,4,5,6, ; '
unvented attic 7.8 13, R-19, R-30, R-38, R-60 42.3%
R-49
None,
finished attic, or All All N/A 57.1%
cathedral ceilings
5
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3 Modeling Approach

This section outlines how the attic floor insulation upgrade is modeled in ResStock using the
OpenStudio-HPXML workflow. ResStock assigns each dwelling unit a set of building
characteristics. This includes attic type, insulation level, and climate zone by using probabilistic
sampling logic informed by national housing stock data. Attic floor insulation is modeled as R-
value for the ceiling assembly. These values reflect insulation material installed between and/or
over the attic floor joists in unfinished, vented attic spaces. This modeling assumes that
insulation is installed uniformly across the attic floor and that the attic remains unconditioned
and vented. Attic insulation performance is influenced by the insulation material and its installed
thickness, both of which determine the R-value. However, ResStock does not explicitly model
material types; it focuses instead on the total thermal resistance for the entire assembly.

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 [1]. Attic floor insulation does 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.

3.1 OpenStudio-HPXML Overview

The ResStock building stock energy model contains conditional probability distributions of
building characteristics that are representative of the contiguous U.S. residential building stock.
These are sampled to create a synthetic stock where each sample has an assigned option for each
characteristic for each dwelling unit to be simulated. ResStock utilizes the OpenStudio-HPXML
workflow to translate these dwelling characteristics into building models ready to be simulated
via OpenStudio® and EnergyPlus® through the use of an HPXML file. For reference, the state of
the OpenStudio-HPXML repository when the ResStock 2024 Release 2 dataset was created can
be found here. Assumptions about the attic floor insulation upgrades that are not explicitly
defined in ResStock are taken care of in the BuildResidential HPXML measure.

3.2 Attic Floor Insulation

In ResStock, building characteristics are translated to OS-HPXML parameters using

the options_lookup.tsv file. Measure upgrades, such as ceiling insulation or attic floor insulation
for unfinished attics, are modeled as changes to baseline building characteristics. This section
outlines the technical details of how ceiling insulation upgrades are implemented in the ResStock
workflow.

ResStock Inputs for the Measure Upgrade Name

Table 5 summarizes the inputs associated with the attic floor insulation upgrade in ResStock.
These inputs are passed to OS-HPXML to generate the corresponding HPXML files for the
simulation.

7

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


https://github.com/NREL/OpenStudio-HPXML/
https://github.com/NREL/resstock/tree/v3.2.0-2024.2/resources/hpxml-measures
https://github.com/NREL/resstock/tree/v3.2.0-2024.2/resources/hpxml-measures/BuildResidentialHPXML

Table 5. ResStock Argument Values for Ceiling Insulation (Attic Floor Insulation for Unfinished
Attics) Option

R-Value ResStock Argument = ResStock Argument = Calculated by

ceiling_insulation_r ceiling_assembly_r OpenStudio-HPXML?
R-7 7 8.7 No
R-13 13 14.6 No
R-19 19 20.6 No
R-30 30 31.6 No
R-38 38 39.6 No
R-49 49 50.6 No

Default Inputs From OpenStudio-HPXML for Ceiling Insulation Upgrade

The ResStock inputs in the table above are sent to OS-HPXML. Any values that are not specified
by ResStock are calculated using the defaults in the BuildResidentialHPXML OpenStudio
measure. In this case, rather than using the nominal ceiling insulation R-value, OS-HPXML uses
the effective R-value when constructing the ceiling assembly. Effective R-value represents the
overall thermal resistance of the entire ceiling assembly, not just the insulation material. It
accounts for additional layers such as drywall, air films, structural framing, and other materials
that contribute to or detract from heat flow resistance. As a result, the effective R-value is
typically higher than the insulation-only R-value.

8

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



4 Results
4.1 Single Model Results

This section analyzes three example dwelling units that received attic floor insulation (insulation
ceiling) upgrades. These three example units represent a range of climate conditions. The floor
area of these three dwelling units is different. Furthermore, the heating and cooling setpoint
temperature is 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 attic floor insulation upgrade.
The annual energy consumption of three example dwelling units was evaluated before and after
attic floor insulation upgrade. The upgrade resulted in reductions across several heating- and
cooling-related end uses, including heating, cooling, heating and cooling fan/pumps, heating heat
pump backup, and associated backup fan/pumps. Results are described as follows:

Dwelling unit 1 had baseline attic insulation of R-13 and was upgraded to R-49. It is located in
Florida (climate zone 1A), a hot-humid region with high cooling loads and minimal heating
demand). Figure 3 shows that this dwelling uses electricity for both heating and cooling. Total
cooling energy consumption, including cooling and associated fan/pump energy, was reduced
from 32.5 MBtu to 31.3 MBtu, a 3.7% reduction. This moderate reduction aligns with
expectations for climate zone 1A, where peak summer cooling loads dominate annual HVAC
use. Since attic insulation helps reduce heat gain through the roof, the upgrade improves comfort
and reduces energy use, even though the baseline insulation was already moderate. The limited
heating season in Florida explains why heating savings were negligible or not observed. This
case is a reasonable representation of attic insulation effects in hot-humid climates.

An Example Dwelling Unit, Florida (Climate Zone 1A)

m Others - AllFuels m Heating - Electric m Heating Fans/Pumps - Electric m Cooling -Electric m Cooling Fans/Pumps -Electric

0.0 0.0
Attic Floor|nsulation Upgrade 419 26.1 5.2
0.0 0.0
Baseline 42.0 27.1 54
0 10 20 30 40 50 60 70 80

Annual Energy Consumption (MBtu)

Figure 3. Annual energy consumption for example unit in Florida before and after attic floor
insulation upgrade

Dwelling unit 2 had baseline attic insulation of R-7 and was upgraded to R-60. It is located in
Texas (climate zone 3A), a mixed-humid climate with both heating and cooling needs. Figure 4
shows that the unit uses electricity for both heating and cooling. Cooling energy consumption
dropped from 36.6 MBtu to 33.2 MBtu, a 9.3% reduction. Heating energy use, including all
associated HVAC and fan/pump loads, was reduced from 14.3 MBtu to 11.1 MBtu, a 28.8%
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reduction. These results are consistent with expectations for a mixed climate. The heating
savings reflect the low baseline insulation (R-7), which allowed reduction in conductive heat loss
during the winter. Meanwhile, cooling savings occurred due to reduced heat gain in summer. The
dual-season benefits make this example unit a good representation of attic insulation impacts in
mixed-humid zones like 3A.

An Example Dwelling Unit, Texas (Climate Zone 3A)

m Others- AllFuels m Heating - Electric m Heating Fans/Pumps - Electric m Cooling -Electric m Cooling Fans/Pumps -Electric

0.0
Attic FloorInsulation Upgrade 37.7 11.1 27.6 5.6
0.0
Baseline 37.7 14.3 30.4 6.1
0 10 20 30 40 50 60 70 80 90 100

Annual Energy Consumption (MBtu)

Figure 4. Annual energy consumption for example unit in Texas before and after attic floor
insulation upgrade

Dwelling unit 3 had baseline attic insulation of R-38 and was upgraded to R-60. It is located in
Alaska (climate zone 8AK), the coldest U.S. climate zone, where heating dominates building
energy use, and cooling is negligible. Figure 5 shows that this dwelling uses fuel oil for space
heating and does not have mechanical cooling. Heating energy use (including fan/pumps)
dropped from 56.5 MBtu to 54.1 MBtu, a 4% reduction. The modest savings are expected
because the home already had relatively high baseline insulation (R-38), leaving less room for
improvement. However, the small but measurable reduction still reflects improved thermal
resistance and reduced heat loss through the attic in an extremely cold climate. This example
demonstrates diminishing returns for insulation upgrades in homes that are already well-
insulated but also highlights the importance of maintaining high performance in severe climates
like zone 8AK.

An Example Dwelling Unit, Alaska (Climate Zone 8AK)

m Others- AllFuels m Heating - Electric m Heating Fans/Pumps - Electric m Cooling -Electric m Cooling Fans/Pumps -Electric

11

Attic FloorInsulation Upgrade 70.1

Baseline 72.4

0 10 20 30 40 50 60 70
Annual Energy Consumption (MBtu)

Figure 5. Annual energy consumption for example unit in Alaska before and after attic floor
insulation upgrade
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As shown in Table 6, the unmet heating and cooling hours either remained at zero or decreased
after the attic floor insulation upgrade.

Table 6. Heating and Cooling Unmet Hours Before and After Attic Floor Insulation Upgrade

Unmet Hours Before Upgrade = Unmet Hours After

Dwelling Unit State  Climate Zone (hr) Upgrade (hr)
Heating Cooling Heating Cooling
Unit 1 Florida 1A 0 83.3 0 79
Unit 2 Texas 3A 29.3 31.8 24.5 24.5
Unit 3 Alaska 8AK 25.3 0 24.0 0

4.2 Single Model Time Series

Section 4.1 shows that, for the example dwelling units, only heating- and cooling-related energy
consumption changed as a result of the attic floor insulation upgrades. Therefore, this section
focuses on 15-minute time-series data for those end uses across the three example units. Heating
end uses include space heating, heating fans and pumps, heat pump backup heating, and any
associated backup fans or pumps. Cooling end uses include space cooling and cooling fans or
pumps. January 2 and July 2 were selected to represent typical winter and summer days for
analyzing heating and cooling loads, respectively.

Figure 6 shows that for unit 1 in Florida (climate zone 1A), hot-humid climate, the example
dwelling unit uses electricity for both heating and cooling. As shown in the top panel of Figure 6,
the attic insulation upgrade reduces cooling energy consumption during the afternoon hours
when outdoor temperatures are highest. The improved attic insulation lowers heat gain, resulting
in less demand on the cooling system. On the winter day (bottom panel), heating energy use
remains near zero throughout the day. This is consistent with the minimal heating demand
typical of zone 1A, where 28% of homes in Florida either don’t have or don’t use heating
equipment [12]. These results show that while insulation has limited effect on heating in warm
climates, it does help reduce summer cooling loads.
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An Example Dwelling Unit, Florida
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Figure 6. Heating and cooling energy consumption 15-minute time-series data before and after the
attic floor insulation upgrade for example unit in Florida

Figure 7 shows that unit 2 in Texas (climate zone 3A), mixed-humid climate, sees both winter
and summer thermal loads. In the top panel of Figure 7 (July 2), cooling energy consumption is
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consistently lower for the upgraded scenario, especially in the afternoon and evening when
outdoor temperatures are highest. On the winter day (bottom panel), heating energy use is
reduced throughout the day, with more noticeable differences during the morning recovery
period after the nighttime setback. These results show that insulation helps reduce both heat gain
in summer and heat loss in winter. Notably, Texas shows larger absolute reductions in both
heating and cooling compared to Florida, reflecting its higher thermal variability.
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12:00 2:00 4:00 6:00 8:00 10:00 12:00 2:00 4:00 6:00 8:00 10:00
AM AM AM AM AM AM PM PM PM PM PM PM

July 2

(Climate Zone 3A)
===Baseline ==Upgrade ===Setpoint

14 705
E 1.2 — 70
x

1 695 —
é 0.8 69 ELL"
= =
> 06 685 §_
§0.4 68 &
2 0.2 675
2 o 67
wi
15
°
o
(&}

An Example Dwelling Unit, Texas
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Figure 7. Heating and cooling energy consumption 15-minute time-series data before and after the
attic floor insulation upgrade for the example unit in Texas
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4.3 Stock Energy Impact

Out of 550,000 units, 235,950 units are applicable for attic floor insulation upgrades (42.9%).
For the 235,950 applicable units, the total baseline consumption is 3,454 TWh per year. After the
attic floor insulation upgrade, the total consumption is reduced to 3,377 TWh per year or a 2.2%
reduction. Figure 8 shows that energy savings from attic floor insulation primarily come from
heating and cooling related end uses, with 3.9% electricity heating savings (10 TWh), 3.7%
natural gas heating savings (42 TWh), 2.4% electricity cooling savings (9.4 B kWh), and 2.4%
cooling fan and pump energy savings (2.0 TWh). Energy savings were observed only in heating
and cooling end uses, while other end uses like lighting and appliances remained unchanged.
This is because attic insulation upgrades affect thermal performance by reducing heat loss in
winter and heat gain in summer, which directly impacts space conditioning loads. Savings from
heating is higher than cooling because heating seasons are generally longer and more severe than
cooling seasons across most U.S. climate zones.

Electric Vehicle Charging, Electricity Upgrade Scenario

Hot Water, Propane B Baseline
Hot Water, Fuel Qil W Attic Floor Insulation
Hot Water, Natural Gas
Hot Water, Electricity
Heating Heat Pump Backup, Propane
Heating Heat Pump Backup, Fuel Oil
Heating Heat Pump Backup, Matural Gas
Heating Heat Pump Backup, Electricity
Heating Fans Pumps, Eleciricity
Heating, Propane
Heating, Fuel Oil
Heating, Matural Gas
Heating, Electricity
Cooling Fans Pumps, Electricity
Cooling, Electricity
Lighting, Propane
Lighting, Fuel Oil
Lighting, Natural Gas

Fuel End Uses

Lighting, Electricity

Vent Fan, Electricity
Miscellaneous, Propane
Miscellaneous, Fuel Qil
Miscellaneous, Natural Gas
Miscellaneous, Electricity
Appliances, Propane
Appliances, Fuel Oil
Appliances, Natural Gas
Appliances, Electricity

Genearation, Electricity
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=]
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Figure 8. Annual energy consumption by end use for baseline and attic floor insulation upgrade
For the 235,950 applicable units, the average baseline consumption is 24,732 kWh per unit per

year. After the attic floor insulation upgrade, the stock average consumption is reduced to 24,187
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kWh per unit per year, or a 2.2% reduction (Figure 9). Similar to Section 4.2, energy savings
were observed only in heating and cooling end uses, while other end uses like lighting and
appliances remained unchanged.

Electric Vehicle Charging, Electricity Upgrade Scenario

Hot Water, Propane B EBaseline
Hol Water, Fuel Oil B Attic Fioor Insulation
Hot Water, Natural Gas
Hat Water, Electricity
Heating Heat Pump Backup, Propane
Heating Heat Pump Backup, Fuel Oil
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Heating Fans Pumps, Electricity
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Figure 9. Average annual stock energy consumption comparison by end use

Figure 10 shows that across the 235,950 applicable units, average annual energy consumption
varies by existing attic floor insulation levels. For example, units with no insulation consume
36,617 kWh/unit/year, compared to 33,848 kWh/unit/year for R-7, 31,466 kWh/unit/year for R-
13, and 37,543 kWh/unit/year for R-49. These variations reflect differences in other
characteristics such as floor areas, vintages, climate zone, and other characteristics beyond attic
floor insulation.
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Figure 10. Annual energy consumption by insulation for baseline and attic floor insulation
upgrade

As shown in Figure 11, when upgraded to R-60 (climate zones 2—8) or R-49 (zone 1), units with
the lowest baseline R-values see the highest savings: 9,581 kWh/unit/year for uninsulated attics
and 3,223 kWh/unit/year for R-7. In contrast, units with R-13 and R-19 save only 1,808
kWh/unit/year and 1,290 kWh/unit/year, respectively. These results show smaller incremental
energy savings from additional insulation, since homes with minimal baseline insulation
experience substantial reductions in heat loss and HVAC demand when upgraded, while already-
insulated homes see smaller additional gains.
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Figure 11. Average annual energy savings by insulation level for attic floor insulation upgrade
compared to baseline

Figure 12 shows that across the 235,950 applicable units, older homes generally consume more
energy than newer construction. For instance, the average baseline energy use is

33,415 kWh/unit/year for pre-1940s units, followed by 30,386 kWh for 1940s units, and 22,446
kWh for 1970s units. In contrast, homes built in the 1980s or later tend to have lower energy use:
ranging from 20,970 kWh for 1990s units to 19,024 kWh for 2010s units. There are a few
exceptions to this general pattern. For example, some 1950s homes show slightly higher baseline
consumption than 1940s units, likely due to variations in floor area, occupant behavior, or
HVAC system efficiency. Despite these variations, older homes consistently benefit most from
attic floor insulation upgrades, as described below.
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Figure 12. Annual energy consumption by vintage for baseline and attic floor insulation upgrade

As shown in Figure 13, upgrading attic floor insulation to R-60 (climate zones 2—8) or R-49
(zone 1) results in greater energy savings for older homes. For example, pre-1940s homes save
an average of 885 kWh/unit/year, and 1940s units save 973 kWh. In contrast, 1990s and 2000s
homes save only 306 kWh and 289 kWh, respectively. Figure 14 shows a similar trend in percent
savings: 2.6% for 1940s homes versus just above 1.4% for homes built in the 1990s and after.
These patterns are largely due to lower baseline insulation levels in older homes, which often
have R-values below R-19 or are uninsulated. In comparison, newer homes typically start at R-
30 or higher, limiting the potential for improvement (Figure 1).
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Figure 13. Average annual energy savings by vintage for baseline compared to upgrade

20

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



Upgrade Scenario
B Attic Floor Insulation

<1940

19408

19508

19605

w0
-
=1
[}

(=]
o
o
-
o
(5]
[
o
e

Vintage

1980s
1980s)
2000s.

20108

Percent Savings (%)

Figure 14. Annual percent savings by vintage for baseline compared to upgrade

Figure 15 shows that average baseline energy consumption increases with climate severity,
especially in colder zones. Climate zones 7A (39,168 kWh/unit/year), 6A (35,242 kWh), and 5A
(33,805 kWh) exhibit the highest consumption due to long heating seasons and greater indoor-
outdoor temperature differences. In contrast, warmer zones such as 1A (17,990 kWh), 2B
(17,281 kWh), and 3B (14,978 kWh) have lower energy use, reflecting milder winters and
minimal heating demand. Mixed and marine zones like 4C (20,065 kWh) and 3C (14,425 kWh)
fall in between. Figure 16 shows that attic floor insulation upgrades result in the highest absolute
energy savings in cold and mixed-humid climates. The greatest savings occur in zone zones SA
(738 kWh), followed by zones SA (738 kWh), 3A (719 kWh), 4B (688 kWh/unit/year), and 6B
(513 kWh). In contrast, warmer zones like 1A (125 kWh) and 2B (260 kWh) see lower savings
due to smaller heating loads and more consistent baseline insulation.
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Figure 15. Annual energy consumption by climate zone for baseline and upgrade
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Figure 16. Annual energy savings by climate zone for baseline compared to upgrade

As shown in Figure 17, percent savings are highest in zones 3C (2.6%), 4B (3.0%), and 3A
(3.4%). Despite high baseline consumption, zones 6A (1.6%) and 7A (1.5%) show relatively low
percent savings, likely due to higher starting insulation levels, which reduce marginal gains.
Similarly, hot climates such as 1A (1.0%) and 2B (1.5%) show limited savings due to minimal
heating needs. These trends correspond with baseline attic insulation levels by climate zone
(Figure 2). Zones like 1A, 3A, and 4B exhibit wide variability, including homes with low or no
insulation (e.g., R-13, R-19, or uninsulated), creating greater upgrade potential. In contrast, zones
6B, 7A, and 8A tend to have higher, more uniform starting R-values, often R-30 or greater,
leaving less room for improvement. Overall, attic insulation upgrades are most effective in
climates with substantial heating demand and low baseline insulation.
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Figure 17. Annual percent savings by climate zone for baseline compared to upgrade

4.4 Stock Utility Bill Impacts

Figure 18 shows a comparison of utility bills with the attic floor insulation upgrade applied. For
the applicable units, the total bill savings are 44 USD/unit/year (1.7%), with a reduction of 23
USD/unit/year (1.3%) in electricity bills and 13 USD/unit/year (2.5%) in natural gas bills. This is
similar to the magnitude in overall stock level site energy savings.
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Figure 18. Average annual utility bills by fuel type comparison for baseline compared to upgrade

Figure 19 shows the average utility bill savings by baseline insulation level. As with site energy
savings, there is a wide distribution of bill savings, with higher average savings from buildings
with lowest baseline insulation level.
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Figure 19. Average annual utility bill savings by insulation level for baseline compared to upgrade

4.5 Aggregated Building Time Series

Colorado is selected as a case study to analyze the aggregated time-series data. Out of all
national dwelling units, 1.7% are in Colorado. Figure 20 presents the aggregated average daily
baseline energy consumption in Colorado, with Feb. 20 identified as the day with the highest
energy use. To further explore this peak, Figure 21 examines the aggregated average power on
Feb. 20 in Colorado, comparing conditions before and after the attic floor insulation for
unfinished attic upgrade.
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Figure 20. Aggregated daily average energy consumption of baseline in Colorado

Figure 21 shows that the attic floor insulation upgrade 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 12.7 kW per unit, representing a 2%
reduction.
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Figure 21. Aggregated average power data in Colorado on peak day
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5 Discussion and Conclusion

This analysis shows that attic floor insulation upgrades yield small energy savings across climate
zones. Among the 235,950 applicable units (42.9%), total energy consumption decreased by
2.2%, with savings realized in heating and cooling end uses. As expected, greater absolute and
percent savings were observed in older homes, colder climates, and units with lower baseline
insulation levels. In many homes, particularly those with baseline insulation near R-30 or higher,
the incremental improvement to R-49 or R-60 results in smaller incremental energy savings. As
insulation levels increase, each additional increment of R-value produces smaller marginal
reductions in heat flow. Therefore, from an energy-savings perspective, attic insulation alone
may not always produce strong return on investment (ROI), especially in newer homes or milder
climates.

That said, focusing only on annual energy savings may undervalue the measure. Attic insulation
improves indoor temperature stability, reduces peak load intensity, and enhances occupant
comfort by limiting radiant heat transfer and surface temperature asymmetry. In colder climates,
increased insulation can reduce risks associated with condensation and moisture-related
durability issues. In hot climates, it reduces attic-to-living-space heat gain during peak afternoon
hours. These comfort and resilience benefits are not captured in site energy metrics but are often
drivers of homeowner decision-making. Another important consideration is measure interaction.
The attic floor insulation may be more impactful when implemented as part of a broader
envelope package, such as combining insulation with air sealing, duct sealing, or HVAC
upgrades.
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