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Project Summary

Objective and Outcome

The SWIP Campaign aims to accelerate the adoption of
modern, high-performance storm windows and insulating
window panels (sometimes called window inserts or
secondary glazing) to deliver energy savings and comfort
in residential buildings at a fraction of the cost of full
window replacement.

STORM WINDOW & INSULATING PANEL

CAMPAIGN

Team and Partners

PNNL collaborates with the following organizations who
make up the SWIP Organizing (planning) Committee.

% AERC

Attachments Energy Rating Council

Performance Period: FY23 (Ongoing FY21-FY24+)
DOE budget FY23: $484K, Official Cost Share: $0K

Milestone 1: Complete program playbook and technical
resource packet

Efficiency Milestone 2: Stakeholder/Partner Participation
lermoi _
vermont > =IPAWS Milestone 3: Outreach
cec’”  neea rEl PARTNERHP FORAOVANCED Milestone 3: Host Recognition event
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Problem

The Importance of Windows
Windows provide our homes and places of work with

* Windows Comprise Only 8% of a home's eXteriOr, light, view, and feeling of being part of the outside world.
yet contribute to 45% of envelope heat transferl.  cyeray use

BENEFITS
: , 25% and oor espicios
* Windows account for around 25% of a home’s Gnergy use
. . . Thermal
heating/cooling energy use?. 1,096 &t busceg comfort
8% sarsire ) s
« >50% of homes have inefficient windows?. -
. . . 45% ggg’? ¥ggg?er weather conditions
However, replacing all windows in a home can be
cost-prohibitive, and only 2% of homes replace
their windows each year. Only 2% of homes replace 93 million homes have
their windows each year inefficient windows

* Modern storm windows and insulating panels are l
a cost-effective alternative to full window i
replacement, but they are not widely adopted in

e anannon

1. Harris, 2022
2. DOE-EIA, 2015
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Alignment and Impact

EERE/BTO'’s vision for a net-zero
U.S. building sector by 2050

" n Support rapid decarbonization of the U.S.
= T_| building stock in line with economywide net-
\_III III [ |

zero emissions by 2050 while centering
v Increase Building Energy Efficiency

equity and benefits to communities

v’ Prioritize Equity, Affordability, and Resilience

v" Reduce Residential Carbon Footprint and Energy
Consumption
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How the SWIP Campaign
Addresses EERE/BTO’s vision:

Window improvements are necessary to
realizing the energy savings associated
with building decarbonization efforts

e High-performance storm windows and
insulating panels provide comparable
energy savings to full window replacement

e Storm windows and insulating panels are
particularly applicable in low-income and
weatherization assistance programs




Approach: Modern Storm Windows and Insulating Panels

Storm Windows and Insulating Panels

«  Field demonstrated energy savings Barriers to Adoption
— 10-30% year-round savings® Identify Crisis (Lack of Awareness) - Low awareness of this
— Improved u-factor (pyrolytic low-emissivity coating), creates dead measure’s benefits and where it fits into energy efficiency programs.
air space, air sealing of prime window, and solar control coatings . Few utility programs offer incentives

- Few weatherization program include it

 Cost-effective . : . .
- Home performance contractors do not consistently include it in their
— Similar savings to double-pane replacement, roughly 1/3 of the portfolio of offerings

costl

_ Savings-to-investment ratio (SIR) > 1 in most climate zones? Stigma/Misinformation - Storm windows suffer from an image

problem due, in part, to
* New energy ratings - Unattractive, inoperable storm windows of the past

— ENERGY STAR Certified Storm Windows (ES product search tool) - Misinformation regarding applicability, payback, program acceptance,
— AERC Residential Storm Windows (AERC product search tool) and condensation

Broad Visibility Lacking - Ratings and Labels not well known (e.g.,

Low-E St Windows: Market Thermal and Optical Properties Retail visibility, AERC, Energy Rating, Home Energy Score)
AOW' PEE FESRCONS: | NS of Low-E Storm Windows and
ssessment and Pathways to 5 I

Market Transformation Sl e

June 2013 | Industry Structure - Most manufacturers of secondary panels are also

KA Cort \[/)va::f:jboavieE(r)uL rL;;v';ee gé‘i:n”;nce 1 Tt primary window manufactures, which generate higher profit margin.
acrose UL 8 (Climats Zotios These manufacturers have little incentive to “market” secondary glazing

products.
September 2014
1. Culp et. al, e
2014 KA Co:. Project Lead
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https://www.energystar.gov/productfinder/product/certified-storm-windows/results?formId=60696-26-488-9032-834083462&scrollTo=410&search_text=&markets_filter=United+States&zip_code_filter=&product_types=Select+a+Product+Category&sort_by=emissivity&sort_direction=asc&currentZipCode=99352&page_number=0&lastpage=0
https://aercenergyrating.org/product-search/residential-product-search/

Approach: Technology Campaign

Timeline of recent PNNL led technology competitions

Highly Insulating and
Low-E Storm Window
Volume Purchase Program

Lighting Energy
Efficiency in Parking
(LEEP) Campaign
2012-2017

2009-2013
m : Wireless Metering
Challenge
2013-2017
C ]

LZ;’ Integrated

'_L‘l:\*\-_ Lighting Campaign (ILC)
2020+
>

Interior Lighting
Campaign (ILC)

Storm Window

& Insulating Panel
(SWIP) Campaign
2021+

Smart Tools for
Efficient HVAC

Performance
RTU Challenge (STEP) Campaign
201-2013 2021+
=0 &
| } | |
2010 2015 2020 2025
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Technology Campaigns

Aim to increase adoption of underutilized energy
efficiency technologies already in the market
Translate success from commercial sector
campaigns to the residential sector

Storm Window and Insulating Panel Campaign

Support utilities in developing programs

Help weatherization organizations include storm
windows and insulating panels when cost-effective
Encourage manufacturers to get products rated
through AERC and ENERGY STAR

Recognize successful adoption

SWIP Campaign Organizers

% AERC

Attachments Energy Rating Council
ENERGY STAR

Efficiency

\ermont > PAWS
Cee.. n y a ﬂ PARTNERSHIP FOR ADVANCED

Center for Energy and Environment wmﬂﬂw SnLU“uNS




Defining Success for the SWIP Campaign

Utilities and
Program
Implementers

Weatherization
Organizations

Manufacturers

Project Risks & Mitigation:

Broad adoption of AERC-rated and ENERGY STAR storm windows in
utility and energy efficiency programs

Energy audit tools properly characterize performance of modern
storm windows and insulating panels

WAP network regularly installs high-performance storm windows
when cost-effective

AERC and ENERGY STAR have sustainable storm window programs
with highly-engaged manufacturers

Frequent collaboration and engagement with critical stakeholders helps ensure that all partners are working towards
shared goals, and mid-term changes in strategy can be made if needed.
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Approach: SWIP Campaign Logic Model

Activities IENEEEEE)  Outputs

Utility Outreach

Weatherization
Outreach

Manufacturer
Engagement

U.S. DEPARTMENT OF ENERGY

Utility outreach list

SWIP Utility Program
Playbook

Technical Resource Packet for
utility programs

Technical Reference Manual
(TRM) workpapers

Utility pilots

Weatherization and training

network outreach list
Updated WAP energy audit
tools that properly
characterize modern, high-
performance storm windows
SWIP Installation video

Storm window manufacturer
outreach

‘ Near- & Mid-Term Outcomes ‘ Long-Term Outcomes/Impact

More TRMs include rated

Increased number of

storm windows — utility incentive
programs for AERC-
rated storm
Increased awareness of .
. windows
storm windows as an
energy efficiency
measure among utilities
WAP and training
networks aware of Organizations
modern, high- recognized for
performance storm s successes
window technology and
have access to audit tools
that properly characterize
technology
Manufacturers
Manufacturers are aware of understand value of
ENERGY STAR certifications = ENERGY STAR and

and AERC ratings

AERC ratings

AERC and
ENERGY STAR |—>
storm windows
incentives widely
available

Broader
adoption of rated -
storm windows
installed through
WAP

Additional
manufacturers —>
are active in
ENERGY STAR
and AERC

Equitable and
widespread
deployment of
window
attachments for
performance,
comfort, and
reduced associated
HVAC load and
peak energy
demand
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Approach: Summary of Metrics

Near-Term Outcomes Mid-Term Outcomes Long-Term Outcomes

- Rated storm windows and

- Total # of states that have rated Increase # of utilities providing

Utility Outreach

storm window measures in their
TRM (15)

- Total # of utilities that incentivize
rated storm windows (7)

- # of WAP grantees and
subgrantees engaged with the
Campaign (2)

incentives for energy-rated
storm windows and insulating
panels

Increase # of WAP agencies
including rated storm windows
in their energy audits

insulating panels are widely
adopted into utility and
energy efficiency incentive
programs (Y/N)

All WAP audit tools properly
characterize high-
performance storm

Wegtheriza":ion - # of WAP training centers Increased # of rated storm windows (Y/N)
utreac participating in the Campaign (2) windows installed through WAP
program
- # of storm window Increase # of new - AERC and ENERGY STAR
Manufacturer manufacturers engaged in SWIP manufacturers with AERC-rated have sustainable storm
Campaign (6) or ENERGY STAR certified window programs with
Engagement :
products highly-engaged

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

manufacturers



Progress: Resource Development

° ENERGY EFFICIENCY & RENEWABLE ENERGY RESOURCES ENERGY EFFICIENCY RENEWABLE ENERGY SUSTAINABLE TRANSPORTATION

BUILDINGS v

Storm Window and Insulating Panel
Campaign

Buildings

ntial Buildings » Starm Window and Insulating Panel Campaign

The Storm Window and Insulating Panel (SWIP) Campaign is a
collaborative initiative sponsored by the U.S. Department of Energy (DOE)
and managed by Pacific Northwest National Laboratory (PNNL) to
accelerate the adoption of modern, high-performance storm windows
Join the SWIP
Campaign

and insulating window panels (sometimes called window inserts or
secondary glazing)—delivering energy savings and comfort in residential
and commercial buildings at a fraction of the cost of full window
replacement. The SWIP Campaign serves as a national platform and one-
stop-shop for sharing information and recognizing successes of key
stakeholders, including utilities, energy efficiency programs,
weatherization organizations, home performance contractors, and
others

Why Storm Windows?

More than half of U.S. homes have inefficient windows (e.g. single-pane or double-pane clear glass),
but full window replacement can be impractical or cost-prohibitive. Modern storm window

attachments provide an effective alternative at one third of the cost. Some benefits include:

e 12-33% heating and cooling energy savings year-round’
* 10-30% reduction in home air leakage®

* Easy and permanent installation

* Increased comfort

* Reduced outdoor noise

* Operable and fixed models

* Great for historic homes

Goals of the SWIP Campaign

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Resources developed to increase awareness
and build body of knowledge

“One-stop-shop” website launched to consolidate
resources

SWIP utility program playbook

Technical reference manual development
Energy auditor/contractor decision tree
Consumer marketing flyer

SWIP Campaign introduction video and installation
video

o0

[=]

www.energy.gov/eere/buildings/storm-
window-and-insulating-panel-campaign
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Progress: Raising Awareness

National Home Performance Conference
April 2023 Map Legend
Virtual Outreach Events BPA Utilities Meeting Workshops, Training,
February 2023 Xcel Energy, CEE Pilot . Conference Presentations

. Storm Windows in State TRM

Comfort Ready Home

DTE Energy (In Progress)

v NCAP Webinar g\é\cgo%:‘gggtrﬁng TRM Measure
v NASCSP Winter Conference
v" Better Buildings Webinars R apmtort Home
v" International Energy Program . INCAA Weatherization
H Training
Evaluation Conference March 2022
v" Weatherization Trainers \ National Home
. Performance Conference
Consortium April 2022

v CLEAResult Training
v AERC Fall Meeting

ASHRAE Buildings XV
December 2022

Powered by Bing
© GeoNames, Microsoft, TomTom

v" SWIP Residential Storm Sy Evrgy o
Window Summit April 2022

29 Campaign Partners
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Progress and Future Work: Weatherization

Progress _ : :
* Actively engaged with WAP Trainers’ Consortium Install Over Single-Pane Primary Window
Supported improved characterization of low-e storm ®/ ®CA @5A @4C ©3A
windows in Weatherization Assistant v10 7
* ASHRAE Buildings XV Paper published on low-e storm 6 ® ¢
window application in manufactured homes | > L5 ° 2 - o
Future Work ? , 2 o ©
e Continue building awareness through conferences, %ﬁ 0 $ ¢ °
weatherization training centers, case studies § 3 ./ PY
* Reach out to grantees/subgrantees transitioning to WAv10 <2 PY ¢ ° : P @
1 = _ﬂ_ - — T -!=——"" ——————————————
; : 0 2
g ° = Clear Low-E Clear Low-E Clear Low-E Clear Low-E
o =l Heat Natural  Electric ~ Propane
oSIR>1 fqQr low-e storfhs@/ Pump Gas Res.
SIR>1 with ENERGYOSTAR Storms 0 SIR increase, moves up ECM priority list
2oa Case Wl case evaluatiotneeded ® SiR increase past cost-effectiveness threshold (SIR>1)

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 12




Progress and Future Work: Utility Programs

WINDOW IMPROVEMENT DECISION TREE

Modern storm windows and insulating panels are an effident and cost-effective alternative to full window replacement
‘When added to the primary window, they can save energy, increase insulating performance, reduce air leakage, and

P ro g r eSS improve comfort. Consult this decision tree to leam if storm windows and insulating panels are the right choice for you!

Utility Program Examples 9
INSPECT WINDOWS

e 2 new TRMs now include energy— Modern Storm Windows ¢ ! 3

- . F— - Chipped/peeling paint? - Excessive condensation?
The Window of Opportunity for Utilities In Good Condition - Cracked or broken glass? - Structural damage?

.
ra te d Sto r m W I n d OWS TX A R Asthe U.S. prioritizes net zero energy buildings, addresses carbeon emissions and confronts the challenges - Broken mullions? - Major water leakage?
7 of decarbanizing the grid, there is a pressing need to dramatically increase the availability and use of - Minor water leaks? - Glass cold to touch?
highly efficient window products. Utilities are uniquely positioned to take advantage of this market shift I 1
and create window programs that mest the needs of their customers.

o X I E gy ( M . t ) P I t & Windows and window Isit an inefficient window? |, Iﬁsﬂl | Needs replacement |
Ce n e r I n n eS O a I O asttachments, such as The Impoﬁam?ld \I?_indfjws ) glannge'engm%\?;g?owe 1 ‘l
starm windaows, L - Wood rot?

BENEFITS. - Unable to open | ir wi I Replace windows with
Peak load operable wiﬁgou\{? Repair window i rformance windows
g (ENERGY STAR preferred)

Windo work with

produce peak energy

. Utility program playbook T, '

reduction

- m_f ! |

season. Asthe needto 2970 segcoung

energy use

reduce peak loads in

. 0/ of total bullsing Noise I NO I I YES . .
 Other resources el < r O = Quick test to tellif a
increases, windows will - §f, o e D) s l l double pane window
Play a crucial rol in L5 oo = ot = ] has a low-e coating
reduring peak 0 heat transter - @ Restence o eareme I Keep asis I stori'nt nere a I
H H H H demand ! - = Hold a pen light
— Window improvement decision tree T aryourprones
# Improving the performance of the building envelope can reduce the size and cost of HYAC flashiight up
equipment upgrades. This will become increasingly important as more cities implement I NO I I YES I to the glass
Re b ra n d a b I e a rketi n COI Iate ra I electrification goals and consumers prioritize decarbonization. - Look for 4
— - l I I reflections of
g # Customers want better windows. Throughout our utility interactions we continue to hear that the light
windows are one of the top products that customers ask about incentives for. By building consumer - ~
awareness about the advantages of modern storm windows, homeowners can benefit from a better ‘.Add ener.gy_rate_d storm — [Fone of the reflections is
! window or insulating panel® e a slightly different color, the
performing envelope without investing in a complete window replacement. A storm window glass has a low-e coating
incentive can serve as a gateway to increase customer engagement in utility programs and may help ¥ all the reflecti the
- a € reflections are

reach underserved and lower income communities due to the affardability of storm windows

4 to full window repl same color, the glass does
compared to full window replacement. Is it @ modemn fefficient not have a low-e coating
storm window in good
u u re 0 r # Numerous specifications exist that can make it easier for utilities to integrate the highest performing operating condition?
window products into their programs. These include ENERGY STAR most efficient primary windows,
the new ENERGY STAR version 7 specification for primary windows, F F r 1 * Refer to product dassification
) . " infgraphic to help determine the
. and new performance ratings for range of window attachments products (e.g., shades, blinds, starm proper, or homeowner prfersd, stoem
L J CO n t I n u e O u t re a C h effo rtS windows, awnings, etc.) are now available through the Attachments Energy Rating Council (AERC). ~I NO window or insuiating pandl, Choosea
product from the attachments Energy

Rating Councll (AERC) or ENERGY
STAR product databases.

e Support existing programs

e (Case study on findings from Storm Window Programs and Pilots

Minnesota pilot
. @ Xcel Energy’
* Recognize exemplary partners NYSERD

[

CLEAReSUIt® ComfortReadyHOME
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Obstacles & Lessons Learned

Stakeholder Group Obstacles and Lessons Learned

Utilities e Limited interest
* Supply chain challenges (need more rated products, long lead times,
inflation, etc.)
* Timing - utility program cycles
* Need to explore incorporation into utility-managed low-income, multifamily,
renter programs
* Sector is slow to change

Weatherization * Modern, high-performance storm windows not characterized properly in
auditing tools
* Misconception that weatherization agencies don’'t do windows
* Weatherization Trainers Consortium, training centers, and grantees are the
best pathways to scaling adoption

Manufacturers * Large manufacturer exited storm window market in Dec '22
* Distribution moving to online-only
* Need to develop value proposition for getting products rated

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



Summary of Major Accomplishments

Building Awareness

* Raised awareness through multiple conference presentations targeting utilities and program implementers,
weatherization, and contractors

* Hosted a virtual Residential Storm Window and Insulating Panel Summit
 Developed “one-stop-shop” website on Energy.gov to house SWIP resources and share campaign news

Utility Programs
 Supported addition of low-e storm windows measures to Texas and Arkansas state TRMs

e Technical assistance for utilities and implementer staff: Comfort Ready Home, Comfort Home Pilot, Xcel Energy,
Chelan PUD, CLEAResult

Weatherization

Worked with ORNL and WAP to improve characterization of low-e storm windows in new, web-based version of
Weatherization Assistant

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Thank You

Pacific Northwest National Laboratory
Christian Valoria, Project Manager
971-940-7130 | christian.valoria@pnnl.gov
WBS # 1.4.2.3
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REFERENCE SLIDES
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Project Execution

FY2022 FY2023 FY2024
Planned budget $451,945 $520,103
Spent budget $449,620 $167,229
Q1| Q2 | Q3 | 4| Q1| Q2 | Q3|1 Q4 | Q1 | Q2 | Q3 | Q4

Past Work

Deliver a webinaron SWIP at a large event

Go - No Go: Define campaign framework and engage organizing committee

Current/Future Work

Utility outreach material complete

SWIP campaign outreach

SWIP campaign recognition event

Go - No Go: SWIP campaign stakeholder partner participation

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY
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Team

Christian Valoria, P.E. Katherine Cort Allegra Steenson Lauren Esaki-Kua

Mechanical Engineer Senior Economist Research Scientist Post-Masters RA
Campaigns Project Manager SWIP Campaign Advisor Campaign outreach, websites Campaign outreach

Linda Sandahl Cheryn Metzger, P.E., LEED AP Ali Madison

Staff Advisor/Program Manager RBI Program Manager Communications Professional
Market transformation guidance Campaign communications
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