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Abstract

A market transformation program for highly insulating windows (U-factor no greater than 0.22) and
low-E (low emissivity) storm windows was undertaken by the U.S. Department of Energy Building
Technology (DOE/BT) program in Fiscal Year 2009 to accelerate the adoption and reduce the costs of
these windows in the residential and commercial buildings sectors. Highly insulating windows and low-E
storm windows were already commercially available in the United States in 2009 but annual surveys by
the National Association of Home Builders (NAHB) showed that highly insulating windows accounted
for less than 2 percent of the total volume of windows being sold in the United States.

This report documents the development, execution outcomes and lessons learned of the Highly
Insulating Windows Volume Purchase (WVP) Program carried out over a three-year period from 2009
through 2012. The primary goals of the program were met: 1) reduce the incremental cost of highly
insulating windows compared to ENERGY STAR windows; and 2) raise the public and potential buyers’
awareness of highly insulating windows and their benefits. A key outcome of the program is that the 2013
ENERGY STAR Most Efficient criteria for primary residential windows were adopted from the technical
specifications set forth in the WVP program.
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Executive Summary

A market transformation program for highly insulating windows (those with a whole window heat
transfer coefficient or U-factor no greater than 0.22) and low-E (low emissivity) storm windows was
undertaken by the U.S. Department of Energy Building Technology (DOE/BT) program in Fiscal Year
(FY) 2009 to accelerate the adoption and reduce the costs of these windows in the residential and
commercial buildings sectors.

The program aligns with today’s DOE strategy of ‘market priming’ to 1) pull new products, practices
and services into market faster at scale and 2) provide technical support to ENERGY STAR for new
higher-tier products.' This strategy and supporting activities are highly leveraged by partnerships with the
fenestration/window industry, government laboratories, universities, utilities, and consumer groups, as
well as other relevant DOE programs. DOE research and development (R&D) is coupled with voluntary
and mandatory deployment efforts at national, regional, and local levels.”

The program was conducted from mid-FY 2009 through December 2012 and accomplished both of
its primary goals:

1. Reduce the average incremental cost of highly insulating windows for customers compared to
ENERGY STAR windows with a target of ~$4/ft*.

2. Raise consumer/purchaser/builder awareness of the value and availability of highly insulating
windows and low-E storm windows.

Table ES.1 shows a historical average cost differential between ENERGY STAR windows and highly
insulating windows. Today’s cost differential (cost premium) was reduced by ~55 percent from 2008,
prior to the start of the Windows Volume Purchase (WVP) program with an average differential of
~$3.70/f¢". Also, during this time period, the DOE’s R&D program invested in production-engineering
improvements in the window industry. These data therefore show Program Goal #1 was met.

Table ES.1. Historic Incremental Cost Premium for a Highly Insulating Window over an ENERGY

STAR Window’
FY U-0.20-0.22 Window Cost Premium over ENERGY STAR
$/square foot
2008 $6.78 - $10.00 (before WVP Program)
2010 $5.83-$7.23
2012 $1.59 - $5.83
2020 $1.58 - $3.33 (projected)

The program attracted over 60 vendors of highly insulating windows and low-E storm windows who
had a desire to participate in the program. Some of these vendors were launching new products with the

! http://apps].eere.energy.gov/buildings/publications/pdfs/corporate/myp11.pdf

% Note that the terms ‘vendor,” ‘bidder,’ ‘participant,” ‘manufacturer,’ ‘supplier,” ‘company,’ and ‘contractor’ are used
interchangeably throughout this document. All terms refer to the entity that is selling window products to the buyers through the
Windows Volume Purchase (WVP) Program.

3 “Windows Update: High Efficiency Windows & Windows Attachments.” U.S. DOE All-Hands Meeting, January 10, 2013.
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program, some had a long history of selling highly insulating window products, and some were
well-known national-brand manufacturers.

Sales through the program period were 40,479 windows, with a value of greater than $9.7 million.
The monthly totals for numbers of windows sold as reported by the vendors for the entire program period
are shown in Figure ES.1. Although the overall sales through the program were modest, the market
penetration of highly insulating windows increased substantially. This could be attributable to the
extensive education and outreach undertaken by the program combined with the significant media
coverage increasing awareness of the availability and benefits of highly insulating windows.
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Figure ES.1. Sales of Windows by Month during the Program Period

Based on data from the National Association of Home Builders for the United States and Northeast
region of the country (New England and E. North Central) as shown in Figure ES.2, the sales of R-5
windows (triple-pane windows) increased in this cold-climate region of the country from ~6 percent in
2009 to 13 percent in New England and 15.5 percent in E. North Central in 2011, which is an increase of
more than 100 percent in market penetration. For the United States as a whole the increase is from 9.1 to
9.9 percent or a modest 10 percent increase. This increase is even more significant considering that new-
housing market starts decreased by ~50 percent during this same time period.
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Figure ES.2. Sales of R-5 Windows as a Percentage of all Windows in the Residential Sector

Lastly, the U.S. Environmental Protection Agency (EPA) ENERGY STAR program announced that
an EPA Most Efficient program for window technology would be launched in January 2013." The
ENERGY STAR Most Efficient 2013 designation recognizes the most efficient products among those
that qualify for the ENERGY STAR. The final criteria were established by ENERGY STAR in November
2012 for residential window products. The EPA criteria were in alignment with the WVP program
specifications of a U-factor no greater than 0.20, a Performance Grade of 15, certification, and listing in
the National Fenestration Ratings Council (NFRC) Certified Products Directory.’
Consumer/purchaser/builder awareness of ENERGY STAR is well documented® and therefore the
establishment of the Most Efficient program for primary residential windows with specifications adopted
from the WVP program will serve to continue to increase awareness of these window products.
Therefore Program Goal #2 was met.

The overall strategy by DOE for successfully transforming the market for highly insulating
windows—of which this program (market priming) is integral for success—can be represented as shown
in Figure ES.3.

! http://www.windowanddoor.com/news-item/government/industry-provides-feedback-new-energy-star-criteria
2 http://www.energystar.gov/ia/partners/downloads/EPA_Memo ENERGY_ STAR Most Efficient 2013.pdf?6ad0-a614
3 http://www.energystar.gov/ia/partners/publications/pubdocs/National%20Awareness%200f%20ENERGY %20STAR%20201 1.pdf
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Figure ES.3. DOE Process for Transforming the Market for Highly Insulating Windows
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1.0 Introduction

The U.S. Department of Energy (DOE) integrated approach to commercialize cost-effective highly
insulating windows (triple-pane windows) was initiated in 2006. Previously, highly insulating windows
had been on the market for over 30 years as a limited niche market segment and were not cost-effective
for consumers. The integrated approach included the unveiling of an advanced prototype window that had
technical features with the potential to reduce cost significantly. The core market-conditioning activity to
increase consumer demand and reduce manufacturers’ risk in investing in highly insulated windows
included a comprehensive volume purchase program, which was also supported by a competitive funding
opportunity to aid manufacturers’ production-engineering efforts.

In Fiscal Year (FY) 2009, DOE began laying the groundwork for a market transformation effort to
increase the penetration and reduce the cost of highly insulating windows and low emissivity (low-E)
storm windows' into the United States marketplace. The need for this effort was based on previous DOE
research showing that windows directly impact 57 percent of the energy loads in a typical building,
equating to $133 Billion annually and almost 14 percent of the total energy use in the United States.”
Today, conventional windows remain the weak links in the building envelope, and result in the use of
approximately 4.4 quadrillion Btus of energy annually in the United States in the form of building heating
and air conditioning loads. Thus, DOE continues to establish goals in their multi-year program plan and
support research and development (R&D) to improve residential window performance by 70 percent by
2020 (see the U.S. Department of Energy Building Technology (DOE/BT) FY 2011-2015 Multi-Year
Program Plan at http://apps].eere.energy.gov/buildings/publications/pdfs/corporate/myp11.pdf).

Highly insulating windows and low-E storm windows were already commercially available in the
United States in 2009, but annual surveys by the National Association of Home Builders (NAHB) showed
that highly insulating windows accounted for less than 2 percent of the total volume of windows being
sold in the United States. Although actual sales data were not available, the availability and penetration of
highly insulating windows in Europe is much greater, probably due to a combination of building codes
and the price of energy. Sales of low-E storm windows were not quantified in the NAHB survey, but they
were determined by DOE to be a low-volume product given the very limited number of U.S. distributors
of this product.

Highly insulating windows require additional and higher-performance materials to perform above the
2009 ENERGY STAR level (U-factor no greater than 0.30, commonly shown as U-0.3). These included,
but were not limited to, low-E coating, a third pane of glass, an insulated frame, and advanced spacers.
The incremental production cost above ENERGY STAR windows for a highly insulating window had
been identified as the principal barrier to market penetration for highly insulating windows.

! Highly insulating windows were defined in this program as primary windows that were certified with performance
characteristics at or above those of ENERGY STAR windows. This includes a U-factor no greater than 0.22 Btu/h-ft>-°F (R-
value of ~5) and other performance characteristics such as air leakage no greater than 0.30 cfm/ft>. Low-E storm windows are
secondary windows with a low emissivity coating (less than 0.22) and are applied to the inside or outside of a primary window.

2 http://www.eereblogs.energy.gov/buildingenvelope/file.axd?file=2012%2{7%?2fwindows_roadmap workshop doe lafrance 062812.pdf
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Therefore, the Highly Insulating Windows Volume Purchase (WVP) program' was created to
collaborate with other researchers and work with industry to develop a strategy to decrease the
incremental cost of these windows and increase their market penetration through an education and
awareness campaign. In a complementary but separate R&D effort launched in 2009, DOE also funded
the development of production-engineering and manufacturing process R&D to reduce the production
cost of windows and window components, including the insulated glass units (IGUs).”

! At the launch of the program, the program was known as the “R-5 Windows” program. The R-5 term was adopted because
R-values were more recognized by the building community and by the public, and because it was desirable to allow an easy
comparison of the insulative property of windows to walls, floors, and ceilings. This was later changed to the Highly Insulating
Windows Program based on industry/stakeholder feedback. In this report the terms “highly insulating” and “high performance”
are used interchangeably.

2 http://energy.gov/articles/hit-road-jack-new-thermal-window-technology-lessens-menace-jack-frost
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2.0 Program Goals and Approach

The WVP program had two goals:

1. Reduce the average incremental cost of highly insulating windows for customers compared to
ENERGY STAR windows with a target of ~$4/ft*.

2. Raise consumer/purchaser/builder awareness of the value and availability of highly insulating
windows and low-E storm windows.

Based on prior experience by DOE and others in developing and executing market transformation
programs’ the incremental cost reduction was anticipated to be accomplished by a combination of
increasing the products in the marketplace, competition among the window manufacturers, greater
consumer/purchaser/builder demand for the products thus increasing the volume sold, and the cost
savings through the DOE production-engineering R&D program. The second goal supported the first goal
by making consumers/purchasers/builders more aware of the window products, their availability and the
benefits of using them.

The incremental cost goal DOE established for the WVP program was an incremental cost metric of
~$4/ft* (window area independent of window type) over an ENERGY STAR window. This goal was
based on the long-term energy cost payback for a 40 percent heat-loss reduction with a U-0.20 window
compared to a U-0.3 (ENERGY STAR) window. One key metric for the second program goal was an
increase in the penetration (sales as a percentage of overall window sales) of highly insulating windows
and low-E storm windows.

2.1 General Approach

The approach for meeting these goals was to 1) develop industry- and stakeholder-vetted
specifications for the highly insulating windows and low-E storm windows; 2) issue a solicitation using
Pacific Northwest National Laboratory (PNNL) contracts requesting manufacturer bids for windows
meeting the specifications; 3) execute agreements with manufacturers meeting the specifications;

4) create a WVP website to list the window products, from which buyers can view the products and
contact the manufacturers to purchase the products; 4) track sales of window products; and 5) raise
awareness and educate buyers about the WVP program and the value of the highly insulating windows.

The WVP program was conducted from May 2009 through December 2012. It was conducted in two
phases. Phase I was from May 2009 through May 1, 2011. Phase II was launched on May 2, 2011 and
ended on April 30, 2012. Phase II was extended on May 1, 2012 and ended December 31, 2012. The
principal differences between Phase I and Phase II were minor modifications to the window
specifications, addition of commercial-grade windows, window pricing strategy, and improvements to the
functionality of the website. The details of each phase are provided below.

The program relied heavily on industry, stakeholders and program partners to raise awareness,
educate buyers and promote the program. There was also extensive use of the trade media. A summary of
the program outreach and education is given in Appendix A.

" MR Ledbetter et al. U.S Energy-Efficient Technology Procurement Projects: Evaluation and Lessons Learned. PNNL-12118.
February 1999. Pacific Northwest National Laboratory, Richland, Washington.
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3.0 Program Partners and Stakeholders

Several partners and stakeholders played key roles in the WVP program. The partners and their roles
are described below.

3.1 Principal Partners: Windows Volume Purchase Core Team

Principal partners are those that were funded by DOE to participate in the WVP project. This was the
core WVP team, and included

e PNNL — PNNL led the development of the specifications for the solicitations, issued the solicitations,
made awards and executed agreements, developed and maintained the WVP program windows
vendors’ website, collected sales data, led interactions with the trade media and participated in
awareness and education activities.

¢ Energetics, Incorporated — Energetics led the education and public outreach for the program. This
included solicitation of letters of support from stakeholders prior to Phase I of the program,
development and publication of fact sheets, planning of educational webinars and workshops,
interaction with buyers/stakeholders at industry trade shows, and maintenance of the DOE WVP
program website."

e Lawrence Berkeley National Laboratory (LBNL)? — LBNL provided technical review of the
specifications, assistance with interface with industry, and development of technical analysis used in
the consumer awareness materials.

e Efficient Windows Collaborative (EWC)’ — The EWC was operated by the Alliance to Save Energy
(ASE)*. Two members of the EWC provided direct technical support to the program including
development and review of the specifications, development of educational materials including
workshop presentations and fact sheets, technical contributions, contribution to the WVP vendors’
website including the development of an energy savings estimator, and liaison with the window
industry. This collaboration was a key interface, particularly early in the program, with window
manufacturers and suppliers, home performance contractors, research organizations, trade
associations, utilities, and consultants. The EWC is dedicated to increasing the market penetration of
high-efficiency windows in the residential and commercial sectors.

3.2 Other Key Partners

Other key partners are those partners that receive funding from DOE’s Emerging Technologies
Program for a broad range of support for DOE’s buildings programs. These partners primarily provided
advocacy and awareness for the WVP program among their constituents. These partners included:

! http://wwwl.eere.energy.gov/buildings/windowsvolumepurchase/. All WVP Program technical information, educational
materials, calendar of events and program metrics/successes are posted on this website.

2 http://windows.lbl.gov/

3 www.efficientwindows.org The focus of the EWC is to increase the market penetration of high-efficiency windows in the
residential and commercial sectors.

4
WWW.ase.org
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e Consortium for Energy Efficiency (CEE)' — Shortly after the WVP program was launched, CEE
initiated a whole house work group with the goal of advancing and promoting highly insulating
windows to their members. The ultimate goal of the whole house initiative was for utilities and
energy efficiency organizations to consider adopting the WVP specifications and offering incentive
programs to their customers for windows meeting these specifications.

e National Fenestration Ratings Council (NFRC)? — Almost all of the participating manufacturers in the
program are members of the NFRC. The NFRC provided technical support in the development of the
specifications, coverage of the program on their website and newsletter, and support for the meetings
of the EWC during the NFRC meetings.

3.3 Stakeholders

There were a number of stakeholders providing support to the program. These stakeholders were not
directly funded by DOE. Stakeholders included:

e American Architectural Manufacturers Association (AAMA)’ — Similar to the NFRC, the AAMA
provided coverage of the program at their member meetings and technical assistance during the
development of the specifications—primarily those where AAMA certification was required—for
both Phase I and Phase II of the program.

e Window and Door Manufacturers Association (WDMA)* — Similar to the AAMA, the WDMA was a
liaison with their members and constituency and kept them informed of the program and program
goals. WDMA was also supportive of the program in public venues.

e Northwest Energy Efficiency Alliance (NEEA)’ — NEEA provided information to the program on the
nationwide highly insulating windows market as NEEA was considering developing an initiative in
highly insulating windows in the Pacific Northwest.

e Midwest Energy Efficiency Alliance (MEEA)® — MEEA allowed a link from their website for the
WVP program. They also organized a conference call with efficiency program managers in their
12-state membership area to educate them about the volume purchase. MEEA also posted an article
on the WVP program in their quarterly e-newsletter.

e National Association of Home Builders (NAHB)’ — NAHB provided the venue for the kickoff
meeting for the launch of Phase I at NAHB Headquarters and provided outreach to the building
industry, media coverage for the program on their website and newsletters, and support for the kickoff
meeting for the launch of Phase II at their 2010 Green Building Conference.

! www.ceel.org CEE is a consortium of efficiency program administrators from across the United States and Canada who work
together on approaches to advancing efficiency.

2 www.nfrc.org The NFRC administers the only uniform, independent rating and labeling system for the energy performance of
windows, doors, and skylights.

3 www.aamanet.org AAMA brings together window, door, skylight, curtain wall and storefront window manufacturers, suppliers
and test labs to promote codes and standards development and testing and certification for the industry.

* www.wdma.com WDMA provides proactive positions and education on national policies such as energy conservation, building
codes and housing.

> http://neea.org/ NEEA is a nonprofit organization using the market power of the Pacific Northwest region to accelerate the
innovation and adoption of energy-efticient products, services and practices

8 http://www.mwalliance.org/ MEEA is a nonprofit organization that raises awareness, facilitates energy efficiency programs and
strengthens policy across the Midwest region.

" www.nahb.org NAHB is a trade association that helps promote the policies that make housing a national priority.
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e U.S. Environmental Protection Agency (EPA) ENERGY STAR Windows Program' — There were
periodic discussions with the ENERGY STAR program to keep them informed and exchange
information. In venues with the window industry and other buildings-related technology venues,
ENERGY STAR was supportive of the WVP program as a strategy to raise the overall efficiency of
homes and businesses.

! www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=WI
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4.0 Phasel

In July 2009 the project team attended the NFRC Summer Membership Meeting to announce and
discuss the launch of DOE’s WVP program. The concept and timeline of Phase I of the program was
described to interested window