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Diverse multi-family housing 
types
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*pictures gathered from Google search for ”multi-family housing”



Why Windows Matter

buildings.lbl.gov 6



Windows in the Building 
Envelope
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**Based on 2,000 sf 2-story house, IECC 2015  

$45 Billon per year
400 MMT CO2

100
%

10
%4

%

Building energy

US total energy

*Apte, J., Arasteh, D., Huang, Y.J. (2003) Future Advanced 
Windows for Zero-Energy Homes. ASHTRAE Transactions. 
LBNL-51913

building envelope
peak, load shape, 

grid



Windows Market Characterization
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2020 RECS
*Many homes in cold climates have clear storm 
windows

44 million Single-Pane Homes* 
(35%)

Total windows: 2.4B 
stock

24M new 
construction/year

29M retrofit/year (82 
years!)



Market Characterization
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South Atlantic annual residential 
window sales

3.7M

New Construction

3.4M

Replacement

*2020 Ducker 
Frontier

90% 94%



Codes and Standards
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IECC

Climate Zone

2006 2009 2012 2015 2018 2021

U-factor SHGC U-factor SHGC U-factor SHGC U-factor SHGC U-factor SHGC U-factor SHGC

1 1.20 0.40 1.20 0.30 NR 0.25 NR 0.25 NR 0.25 NR 0.25

2 0.75 0.40 0.65 0.30 0.40 0.25 0.40 0.25 0.40 0.25 0.40 0.25

3 0.65 0.40 0.50 0.30 0.35 0.25 0.35 0.25 0.32 0.25 0.30 0.25

4 except Marine 0.40 NR 0.35 NR 0.32 0.40 0.32 0.40 0.32 0.40 0.30 0.40

5 and Marine 4 0.35 NR 0.35 NR 0.32 NR 0.32 NR 0.30 NR 0.30 0.40

6 0.35 NR 0.35 NR 0.32 NR 0.32 NR 0.30 NR 0.30 NR

7 & 8 0.35 NR 0.35 NR 0.32 NR 0.32 NR 0.30 NR 0.30 NR

Climate Zone
V5 - 2009 V6 - 2015 V7 - 2023

U-factor SHGC U-factor SHGC U-factor SHGC

South ≤0.60 ≤0.27 ≤0.40 ≤0.25 ≤0.32 ≤0.23

South-Central ≤0.35 ≤0.30 ≤0.30 ≤0.25 ≤0.28 ≤0.23

North-Central ≤0.32 ≤0.40 ≤0.30 ≤0.40 ≤0.24 ≤0.40

North* ≤0.30 NR ≤0.27 NR ≤0.22 ≥0.17
*See ENERGY STAR specifications for North trade-
offs

U-factor 
≤0.20

Current VA 
code



Energy Star Update
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Version 6

*2020 Ducker 
Frontier

Version 7
October 23, 

2023



Codes and Standards – Next Steps
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• Demonstrated window wall-trade-off works in CZ-3 
and above!

Cort, Katherine, Louie Edward; Hart, Robert. 2022. Using Triple-Pane 

Windows to Meet IECC Envelope Requirements. ASHRAE Journal 64 

(3), 50-58

• 2024 IECC under consensus committee process
Moving to Energy Star v6

• California T-24 2025 reviewing measures

• 2023 NY Stretch Passive house performance levels

2021 IECC

Prescriptive: 2000 sf R5 continuous 
insulation 

or 
Tradeoff: 300 sf high performance windows



Achieving EnergyStar - Deep Dive
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Double-pane Triple-
pane

Energy Star Transition Webinars for NFRC:
• Frames: https://www.youtube.com/watch?v=SXqoWMQjbMs
• IGUs: https://www.youtube.com/watch?v=_6z1u2_fGx0

https://www.youtube.com/watch?v=SXqoWMQjbMs
https://nam12.safelinks.protection.outlook.com/?url=https://www.youtube.com/watch?v%3D_6z1u2_fGx0&data=05%7C01%7C%7C866107d0f38e447860aa08da6f326fcd%7C25db093eeebb41d285084d374165069e%7C0%7C1%7C637944559681604479%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=KTa56Dh47h/aYP8ukMI4Dt9elsihk3L%2BY9cR0kR3lDw%3D&reserved=0


Achieving EnergyStar 
Performance Levels
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https://www.energystar.gov/sites/default/files/asset/document/V7_Stakeholder%20Meeting_7-27-2021_final.pdf



Achieving EnergyStar 
Performance Levels
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Room-side Low-e

Widely available

Multiple suppliers

Triple-Pane 
More than 190 manufacturers with over 
400 vertical slider series in NFRC CPD



Thin-Triple Window 
Development
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too heavy

too wide

too expensive

long ROI

Drop-in replacement

low entry cost

double performance

minimal weight

Thin-tripleDouble-pane



Energy Savings Options

Technology Application
Energy Savings 

Potential
References

High-R (triple pane) 
Window Replacements

New and 
existing 
homes

7–16% 
(total energy 

savings)

Hart, R et. al. 2019 “Thermal 

performance and potential annual 

energy impact of retrofit thin-glass triple-

pane glazing in US residential 

buildings.”  Building Simulation 12:  79-

86

Secondary Glazing (low-
e insulating window 

panels)

Existing 
buildings 

10–30% 
(annual HVAC 

savings)

Culp, T. et al. 2015.  Energy Savings of 

Low-e Storm Windows and Panels 

across US Climate Zones.

Knox and Widder. 2014. Evaluation of 

Low-e Storm Windows in the PNNL Lab 

Homes. PNNL.

Interior Insulating 
Shades and Automation

New and 
existing 
homes

5–25% 
(heating and 
cooling HVAC 

savings)

Metzger, C et al.. 2017. Modeling 

Cellular Shades in Energy Plus.  PNNL.  

(Cort, KA et. al) 2018. Testing the 

Performance and Dynamic Control of 

Cellular Shades.  PNNL.

Exterior Shades 
South- and 
west-facing 

windows

10–20%
(cooling HVAC 

savings)

Hunt and Cort 2020.  Evaluation of 

Exterior Shades at PNNL Lab Homes 

and Occupied Field Sites. PNNL.



Occupied Field Sites
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*Courtesy of PNNL



Occupied Field Sites
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New ENERGY STAR multi-family site in Rotterdam, NY

4 apartment units with thin triple IGUs 
“dropped in” to double-pane frames,

Condensation Resistance rating 
increased from 45 to 65 with thin 
triples

*Courtesy of PNNL



Occupied Field Sites
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Condensation 
and ice 
buildup on 
existing 
double-pane 
window

Same 
window after 
replacement 
with thin 
triple pane

March 2021 
Helena, MT

Acoustic testing:  Thin triple-pane windows 
reduced sound infiltration by ~10 dB relative to 
baseline double-pane windows 
(6-10 dB reductions are typically perceived as reducing 
sound by half)

*Courtesy of PNNL



Demonstrations: CEC GFO 19-307
Advanced Envelope Technologies
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“Testing and demonstrating

new building envelope 

measures with the goal of 

reducing costs and 

increasing energy 

performance for retrofits to 

existing low-rise multifamily

and single family residential 

buildings...”



Occupied Field Sites
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*Courtesy of PNNL

HVAC Load Cooling Season HVAC Load Heating Season 

Thin-Triple Peak Electrical Load Reduction: 33%



Deeper Dive
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Gilbride, Theresa L., Selkowitz, Stephen, Dingus, Olivia G., and Cort, Katherine 
A. Double or Triple? Factors Influencing the Window Purchasing Decisions of 
High-Performance Home Builders. doi:10.2172/1557862

Cort, Katherine A., and Gilbride, Theresa L. Field Validation of High-R 
Windows: Market Assessment and Program Plan. United States: N. p., 2019. 
Web. doi:10.2172/1558104.

Rowan McCarthy, Katherine Cort, Christian Valoria, Allegra Steenson, Saniya 
Syed, D. Charlie Curcija and Robert Hart. 2022. Methods to Analyze the 
Energy Performance of Window Attachments. ACEEE Summer Study.

Elaine Miller, Rick Dunn, John Jennings, Robert Hart, Steve Selkowitz, 
Katherine Cort, Marc LaFrance, Isaac Smith, Grace Diller, Walt Zalis. 2022. The 
Launch of the Partnership for Advanced Window Solutions: Give the People 
What They Want, Window Solutions! ACEEE Summer Study.

Robert Hart, Stephen Selkowitz, and Charlie Curcija. 2018. Thermal 
Performance and Potential Annual Energy Impact of Retrofit Thin-glass Triple-
Pane Glazing in US Residential Buildings. Build. Simul. (2019) 12: 79. 
https://doi.org/10.1007/s12273-018-0491-3



Collaborative Market 
Transformation
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■ Launched in July 2021 with 50+ partners including high level 
of manufacturers interest and support

■ Launched 3 (of planned 5) focused workgroups

– Utility Workgroup: scale program - 24 Utility Programs

– Development of Codes, Standards and Certifications 

– Stakeholder Campaigns and Initiatives 

■ Launching regional and statewide MT programs in NW, MN 
and IL – 35 million customers

■ Gained interest on HPW from large production builders
Energy Secretary Jennifer 
Granholm at Berkeley Lab



Engage
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Robert Hart
RGHart@lbl.gov
Lawrence Berkeley National Laboratory

windows.lbl.gov

https://windows.lbl.gov/high-performance-windows


Q&A

VAEEC 2022 ENERGY EFFICIENCY FORUM

Robert Hart, Berkeley Labs

Katie Henderson, Efficient Homes

TRIPLE PANE WINDOWS



Proof of Concept

Betsy Farrell Garcia, Front Porch Initiative

Mackenzie Stagg, Front Porch Initiative

Brett Hood, CHP Energy Solutions (moderator)

VAEEC 2022 ENERGY EFFICIENCY FORUM

RURAL STUDIO & FRONT PORCH INITIATIVE

















































































































































Q&A

VAEEC 2022 ENERGY EFFICIENCY FORUM

Betsy Farrell Garcia, Front Porch Initiative

Mackenzie Stagg, Front Porch Initiative

Brett Hood, CHP Energy Solutions

RURAL STUDIO & FRONT PORCH INITIATIVE



2022 Energy 
Efficiency Forum

VIRGINIA ENERGY EFFICIENCY COUNCIL

October 31st & November 1st


