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ABSTRACT
With the burst of recent initiatives to accelerate adoption of energy-efficient
fenestration technologies in the marketplace, an update on window market transformation
efforts is needed. Because of the impact of glazing on total home energy performance, the
residential window market has received increasing attention over the past two years.
National programs such as the ENERGY STAR Windows program, the Efficient Windows
Collaborative, and regional initiatives such as the California Windows Initiative and the
Northwest Collaborative have begun to move markets toward higher-efficiency windows.
The results have included increasing sales of efficient products, stocking of more
efficient/ENERGY STAR qualifying products, and price reductions of high-efficiency product,
all of which secure dramatic energy savings at a national level.
This paper takes stock of publicly supported national and regional transformation
efforts for residential windows underway in the U.S. In particular, it documents ways in
which National Fenestration Rating Council certification, Efficient Windows Collaborative
education, and ENERGY STAR marketing, are working together to change window markets
across the United States. Although it is too early to quantify the national-level impacts
changes of these efforts, the authors offer a preliminary qualitative evaluation of efficient
window promotion efforts to gain insight into the broader impacts that these and other future
activities will achieve.
Finally, the paper summarizes how other federally-funded building industry
initiatives that emphasize “whole house” performance can complement these window
technology-specific and component-specific initiatives. Demonstration houses from the
Building America, ENERGY STAR Homes, and PATH projects all contribute to the success of
windows-specific initiatives.

Background
During the late seventies and early eighties, important technical innovations were
made to improve the energy efficiency of windows. As with any new product, diffusion of
these advances into the marketplace has been shaped by a variety of factors and
circumstances: regional climates, economic conditions, market trends and barriers. In view
of increased energy efficiency benefits associated with these innovations, there is national
interest in both public and private efforts to accelerate market adoption of these “off-theshelf” technologies.
Research analysis shows that if existing innovations – those technological advances
made over the last 30 years which are now or with little help can be standard upgrade options
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– were adopted into the mainstream production and sale of windows, dramatic energy
savings would result (Frost, et al 1996). Windows are estimated to account for about 25% of
heating and cooling costs in typical homes. Application of known, cost-effective fenestration
technology could save a third or more of that energy. To that end, many federally funded
efforts have been undertaken to encourage accelerated penetration of efficient products.
National Organizations
Three important national efforts have been undertaken to improve the market viability
of energy efficient windows: (1) The National Fenestration Rating Council (NFRC); (2) the
Efficient Windows Collaborative (EWC); (3) the DOE/EPA sponsored ENERGY STAR
windows program. These complementary efforts have helped to pave the way for new
initiatives currently being developed and implemented at EWC, and ENERGY STAR working
together create the tools and information necessary to overcome the market barriers identified
later in this paper and achieve desired market effects.
As a result of the advances in fenestration technology beginning in the early 1970s, a
wide range of new window products appeared on the market throughout the late 1970s and
1980s, each making claims about thermal performance and energy-savings. First generation
low-emissivity (low-e) products, which were primarily focused on controlling thermal heat
loss and were thus appropriate for heating-dominated climates, began to see market
penetration. Different manufacturers, however, had no standard method to assess product
performance, and typically reported on the performance of window component parts (like
center-of-glass, which can be the most thermally efficient part of a window and thus is not an
accurate representation of whole product performance), making it difficult to compare
competing whole window products.
National Fenestration Rating Council. The NFRC, a non-profit organization created by
the window industry in 1989 to devise a technically sound, impartial way to compare
window performance, has established a rating, labeling, and certification system. Laboratory
tests and computer simulations, backed up by physical testing and factory inspection,
determine a window’s basic thermal and optical properties: U-factor, Solar Heat Gain
Coefficient, and Visible Transmission. These values currently appear on NFRC labels on
windows that have been rated and certified by NFRC.
Although certifying how a window performs in a simulation or physical test and then
labeling that product appropriately is necessary, it is not sufficient to inform the decisions of
market actors. NFRC also provides education to designers, builders, and consumers on how
to read the label and to manufacturers on the requirements for meeting the certification
criteria. The organization promotes the label, but does not promote specific ratings or
performance values, which are left up to model codes and standards organizations, state and
local code jurisdictions, utility programs, and others incorporating the label into promotional
efforts NFRC, for the purposes of this paper, should be understood as an independent, thirdparty certification source. It is critical to the transformation of windows markets because it
helps to allay concerns about performance uncertainties, but is a passive actor in the
marketplace. NFRC ‘s mission prevents it from directly advocating specific efficiency levels
or specific kinds of products, but its technical has laid the foundation for marketing and
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advocacy work by other organizations (like ENERGY STAR and the EWC) with the goal of
accelerated market penetration of efficient fenestration products.
Efficient Windows Collaborative. Building on the foundation of independent rating and
labeling enabled by NFRC, the next step in voluntary transformation of the residential
windows market is to create educational resources in the market place to help inform the
decisions of market actors. Suppliers and manufacturers need to be able to spread accurate
information through their distribution chain; builders and remodeling contractors must
understand the trade-offs of thermal envelope performance and HVAC system requirements.
Utilities should be capable of educating customers in their service territory, and consumers
should have guidance about the energy impacts of their choices.
The Efficient Windows Collaborative was started in 1997 to fulfill these information
resource needs. A coalition of manufacturers, researchers and laboratories, government
agencies, utilities and others groups, the EWC’s goals are to:
! Increase the market share of efficient windows to 70% by 2005
! Make NFRC labeling nearly universal
! Support the ENERGY STAR windows program
The EWC operates as a counterpart to the ENERGY STAR windows program by
providing manufacturers, suppliers, builders, designers, utilities, trade associations, and other
upstream market actors with technical marketing information, support, and training materials.
EWC’s goal in this effort is to provide interested parties with the know-how to effectively
interpret the benefits associated with the ENERGY STAR and NFRC labels on window
products in their areas.
The organization also provides support and training to company sales forces and trade
allies in both the new construction and retrofit markets. In training, the EWC teaches sales
personnel to sell the benefits of energy-efficient windows: improved comfort, reduced noise
from outside, savings from down-sized heating and ventilation systems, protection of
interiors and upholstery from fading, and reduced condensation problems, not just energy
savings. The EWC also helps to develop and promote demonstration projects to
communicate the results to a broad audience.
The toolkit of EWC products made available to the industry since its inception
include:
• Residential Windows: A Guide to Energy Savings and New Technologies by John
Carmody, Steve Selkowitz, and Lisa Heschong, which is in its second revision;
• Three national fact sheets and thirteen regional fact sheets that provide simple steps and
basic definitions along with estimated energy savings comparisons for various window
replacement options;
• A quarterly newsletter to keep those in the fenestration industry and the efficiency
industry up-to-date on demonstration projects, trends in windows research, and regional
initiatives related to windows;
• A new and more user-friendly version of the software program RESFEN which calculates
whole house energy usage as a function of window selection; and
• An unbiased and comprehensive web site of efficient window information located at
www.efficientwindows.org which contains much of the material listed above
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The EWC web site has become “the resource” in the industry for accurate and
unbiased information related to the energy and other related benefits (e.g., thermal comfort)
of energy efficient windows, general educational and customizable, regional/climate-specific
information to assist consumers in selecting efficient products (including NFRC and ENERGY
STAR performance requirements), and technical information that is non-brand-specific for use
by the fenestration industry.
Over the course of the last three years, traffic on the EWC web site has grown from
less than 2000 user sessions per month in February 1998 to nearly 15,000 user sessions per
month in March 2000.

Figure 1. Increased EWC Web Site Traffic (February 1998 and May 2000).

After the initial steps of creating a standard measurement tool in the industry (i.e.
NFRC simulations, testing protocol, and labeling procedures), and creating an educational
vehicle to deliver the tools and resources to help inform the decisions of key market actors
(like the EWC products), the third step in successful market transformation is to provide a
marketing arm which simplifies the message to its basic elements in the mind of the
consumer.
ENERGY STAR Windows. The DOE/EPA ENERGY STAR windows program was also
launched in 1997 and covers windows, doors, and skylights. Focusing primarily on the retail
market, ENERGY STAR windows aims to provide consumers with the information they need to
make informed decisions about window purchases. Given the nature of the market for
window products, the ENERGY STAR program initially targeted the window replacement
market – where consumers are more likely to shop for windows – but has recently acquired
relationships in the new construction market.
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Whereas NFRC laid the foundation for market transformation activities by creating a
standardized testing, labeling, and certification process, ENERGY STAR windows creates the
marketing pull to encourage end-use consumers to select high-efficiency products based on
set performance standards. As of March 2000, the ENERGY STAR windows program had 170
window manufacturer and 19 component manufacturer partners representing more than 60
%of national sales. Two hundred seven retail partners and seven utility partners have signed
on as well. (Curtis 2000)

Figure 2 – ENERGY STAR Windows Label
To qualify for the ENERGY STAR, products must be certified by NFRC and meet
efficiency guidelines tailored for each of three U.S. climate regions: northern, central, and
southern areas.
NORTHERN ENERGY STAR

CENTRAL ENERGY STAR

SOUTHERN ENERGY STAR

U-Factor .35 or less
SHGC – Not Applicable

U-Factor .4 or less
SHGC .55 or less

U-Factor .75 or less
SHGC .4 or less

Note: separate guidelines apply to skylights.
Figure 3 – ENERGY STAR Windows performance criteria

Market Data
In 1997, national baseline data collected by Ducker Research indicated that
nationally, the penetration rate of efficient windows (defined as a double paned product with
some kind of low-emissivity coating) was hovering between 30 and 35%. (Ducker 1997)
This data reinforced the decisions to begin funding national window programs that advocated
a certain level of efficiency. After two years of effort, it is time to take stock of the existing
market trends, update federally funded activities, and provide a preliminary evaluation of
activities to date.
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Residential windows are responsible for 2% of total US energy consumption, or about
1.7 quads. The impacts of that consumption include $9.3 billion dollars of energy use,
significant air pollution, and 10 million metric tons of greenhouse gas emissions annually.
LBNL analyses indicate that saving almost 10% of that energy--.14 quads—can be achieved
cost-effectively, within a short time frame, and with existing technologies (Frost, et al 1996).
The national windows market is complicated. The largest five manufacturers only
represent approximately 20% of the national windows market; the remaining 80% of sales
are attributed to smaller regional window manufacturers estimated to be as large as 4,000.
(Window & Door 1999). These smaller fabricators are producing product for a limited
service area. As the market consolidates those 4,000 some-odd smaller companies are being
bought out as the larger industry actors attempt to accumulate additional market share.
Barriers to the market penetration of efficient fenestration vary considerably by
region, as a complex function of climate and building practice, among other variables, which
makes it imperative to address market barriers regionally. The barriers to efficient windows
in, say, Florida are substantially different than in Michigan; window product differences,
baseline building practices, climate and building performance issues, and economic factors
make these markets very different.
Regional Activities
High-efficiency residential fenestration products gained limited market share
beginning in the 1980s, prior to the formation of NFRC, ENERGY STAR, or the EWC.
Manufacturers, contractors, designers, utilities and others have been involved in programs
that promote efficient fenestration.
However, before NFRC created a standardized
certification process, efficient window marketing was often a “wild west” of competing
product claims, which in some cases limited consumer, designer, and builder interest in these
technologies. NFRC created the basis for credibility across the U.S. on window performance
claims. NFRC’s procedures are analogous to Department of Energy test procedures for
appliances. Until the technical fundamentals of these procedures were agreed on, there was
no way to set credible national standards, whether regulatory or voluntary in nature.
While NFRC has created order on the national level in the certification of fenestration
product performance, regional and state market transformation programs are applying
different methods of promoting efficient window products in different regions. In some
cases, public goods funds from utility restructuring legislation are funding educational and
marketing efforts. In other cases, the national organizations are working with local or state
entities and their existing funding to emphasize efficient fenestration as a solution to builders.
Sometimes specific market actors are targeted and other times a shotgun approach is used to
reach many different participants in the market. This section describes a range of the
approaches now in practice.
California Windows Market Transformation. California has had a history of promoting
energy efficient windows. In the last three years, state agencies and utilities have focused on
fenestration as a mechanism for reducing energy consumption. Supported by the new utility
policies of the California Public Utilities Commission and new building energy codes of the
California Energy Commission, and promoted in partnership with the other investor-owned
utilities in California including Southern California Edison (SCE) and San Diego Gas and
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Electric (SDG&E), in 1997 California utilities funded a third-party promotional program
called the California Windows Initiative (CWI).
CWI’s strategy is to saturate cohesive messages about window energy efficiency at
all points of the distribution chain. In new housing, educational training efforts are being
directed to the 30 largest window manufacturers/distributors in California, major builders
(including the top 50 production builders), and state code compliance officials and advisors.
In the existing housing market, the top 100 retail outlets are receiving sales training while
window replacement contractors receive on-site training. In 1998, CWI conducted almost
200 on-site training sessions and presented educational materials at more than 60
professional meetings. (Nittler 2000)
In addition to the coordinated CWI activities, each of the three independently owned
utilities is sponsoring an in-house program to promote efficient windows. Whether it is an
ENERGY STAR bus stocked with educational resources that travels around the SCE service
territory, a PG&E windows incentive program providing $150 - $200 per home to builders
who incorporate windows with certain performance criteria, or SDG&E’s educational
materials, California utilities continue to accelerate market adoption of efficient window
technologies.
Northwest Windows Programs. The Northwest Energy Efficiency Alliance is working with
18 manufacturers and the ENERGY STAR windows program to promote energy-efficient
windows in Washington, Oregon, Idaho, and Montana. In 1998, the two-year funding of
$1.6 million was approved for a comprehensive awareness campaign, sales training and
marketing support for manufacturers, and technical assistance for builders (NW Alliance
1998). In 1999, the program’s emphasis shifted, with the bulk of funding now provided to
manufacturers for promotional activities. According to a baseline market assessment of
energy-efficient windows in the Northwest, market penetration of ENERGY STAR level
products was approximately fifteen percent of window and patio door sales (6 % new singlefamily, 1- %new multi-family, and 8 %retrofit) and 80 % for skylights in 1997. The study
revealed a very limited awareness of the ENERGY STAR brand throughout the distribution
chain, highlighting the importance of education and training programs such as those being
supported by the NW Alliance and the EWC (Macro International 1998). Currently, ENERGY
STAR-qualified window production in the Northwest region is at 54% and climbing.
Florida Windows Programs. A windows initiative has been underway in Florida, since
1997. As one of the largest new home markets in the nation, Florida is an especially
important target for windows market transformation. Not only is cooling demand, and hence
electricity use and carbon emissions, very high in the state, but building practice in
fenestration is among the least-efficient in the country. Single-paned, non-thermally broken,
metal frame windows are still the standard construction specification. Since the price per
square foot of these products is typically less than the price of opaque wall, and since
Florida’s climate is generally mild, builders tend to include large glass areas. This
compounds the solar heat gain, cooling load, and electricity use problems found in Florida’s
housing stock.
The EWC works with the Florida Solar Energy Center (FSEC) and the Florida
Energy Extension Service (FEES) to: train company sales representatives; educate and
promote efficient windows to builders, contractors, and home centers; conduct regional
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publicity campaign, and develop financing options for consumers. In addition, local
manufacturers and fabricators have been targeted by the Collaborative and NFRC to support
NFRC certification and labeling. Because of the initial cost of NFRC participation, this is a
crucial threshold step needed to get NFRC-labeled products into the local markets. Following
up on the NFRC labeling effort, meetings between fabricators and suppliers have been
conducted to spur production of more efficient products.
Because Florida is not currently faced with utility restructuring and there are no
public benefits funds yet available, utilities have reduced their demand-side management
program budgets, and have not yet embraced broader market transformation programs as a
next-generation approach. The Florida Solar Energy Center is currently conducting a study
of utility interests to determine how to penetrate that marketplace with the message of
efficient windows.
The EWC has hired contract staff and brought in expert trainers in a sustained effort
to “crack” the Florida market. An early lesson learned is that in a market with so many
fundamental barriers to efficient fenestration, a sustained local presence is needed to achieve
significant gains.
Wisconsin Windows Initiative. Wisconsin’s windows market is quite different than
Florida’s. With its cold climate and history of energy awareness, there is no shortage of
efficient window products. While Florida has very few manufacturers of high-efficiency
products, Wisconsin hosts some of the industry leaders. So there is no shortage of product
availability and industry interest. However, ENERGY STAR creates new requirements that
may require some manufacturers to change their designs and/or their NFRC participation in
order to qualify for the program
Wisconsin’s challenges focus on the institutional processes needed to bring more
products to market that meet ENERGY STAR standards. And, since ENERGY STAR certification
requires NFRC labeling, many manufacturers also must enter the NFRC process for the first
time.
The Wisconsin Windows Initiative (WWI) began in 1998 with $20,000 in state
funding to identify barriers and industry needs. In 1999, funding was increased to $75,000 to
support manufacturer participation in the ENERGY STAR program. The program surveyed
manufacturers and has been working with them to help bring more ENERGY STAR products to
market.
Texas Windows Initiative. In 1999, Texas began their process of utility restructuring. Over
the past several years, Texas utilities have experienced difficulties with generating capacity.
As the population expanded and as demand for energy continued to rise, Texas found itself in
a quandry. In the summers of 1998 and 1999, rolling brown-outs were used as a method of
controlling peak demand requirements.
To deal with some of these issues, the Texas legislature, with help from the non-profit
community, passed Senate Bill 7. As of 2000, energy efficiency monies will be put up by the
utilities pursuant to the requirements of the new Texas restructuring law and will be
supervised by the Public Utility Commission of Texas. The Texas Window Initiative, as it is
defined in 2000, will serve as a pilot project for potential statewide market transformation
efforts directed at windows. The Commission recently approved a statewide template for the
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Texas Windows Initiative based on the pending projects sponsored by Central Southwest
(CSW). (Stone 2000)
Efforts in the Northeast. With coordination from the Northeast Energy Efficiency
Partnerships (NEEP), an efficient windows initiative in the Northeast is being developed.
Utilities met with ENERGY STAR Windows and the Efficient Windows Collaborative in 1998
to begin developing a Northeast initiative. Efforts are still underway to secure funding for
that initiative, but a full-time staff person is expected to be hired by NEEP in 2000 to head up
the effort. (Coakley 2000)
Next Steps
NFRC, ENERGY STAR and the EWC form a national infrastructure that creates a solid
foundation for windows market transformation. To build on this foundation, it is critical to
develop partnerships with other national, regional, state, industry, and utility efforts toward
improved efficiency in whole house design. Projects like DOE’s Building America, EPA’s
ENERGY STAR Homes, and HUD’s PATH program can take advantage of the advances in
efficient fenestration as a way to meet program targets for efficiency. Better design and
promotion of financing of efficient fenestration products and homes through both unsecured
loans and mortgage-type financing is a another critical step toward raising the ceiling of
common building practice and securing additional market adoption.
Mandatory building codes also play an important role in the windows market
transformation process. The new International Energy Conservation Code (IECC) contains
fenestration standards that advance building practice substantially in many parts of the
country. For example, while ENERGY STAR promotes a voluntary 0.4 solar heat gain
coefficient in cooling climates, the IECC would make this mandatory. As southern states
consider adoption of the IECC in future years, it may help create an “exit strategy” for
markets that have embraced the ENERGY STAR standard. This illustrates the “raise the
floor/raise the ceiling” rhythm that market transformation programs and regulatory policies
can establish as markets progressively step up the efficiency of various technologies over
time.
Other Federal Programs That Support Efficient Windows. Building America projects
around the country have consistently demonstrated that the energy consumption of new
houses can be reduced by as much as 50% with little or no impact on the cost of construction.
This is possible because energy performance improvements in one component or system can
reduce the size and capital cost of other components or systems. This cost savings often
offsets the increased cost of the initial component upgrade. For example, new technologies
in the building envelope, including high -efficiency windows, can enable builders to install
smaller, less expensive heating and cooling systems than would be needed with traditional
windows. This equipment cost savings in HVAC can offset the added envelope costs.
At the Pulte/Building America Las Vegas, NV demonstration project, low-solar-gain
low-e glazings were a key technology used to reduce measured cooling energy by 20% and
heating energy by 50% in new homes. The home’s efficient windows improved resistance to
heat loss and prevented solar gains thus reducing cooling costs and permitting Pulte to
downsize HVAC equipment. The HVAC system in the Las Vegas demonstration home had
originally been sized at 5 tons. After improvements in the construction, including energy-
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efficient windows, the HVAC was sized at 3 tons with resulting cost savings of $750 to the
builder. Energy-efficient windows accounted for anywhere from ½ to 1 ton of those savings,
and cost little more than the HVAC cost savings. (Building Science Corp 1999)
The U.S. Environmental Protection Agency (EPA) has developed their market-based
ENERGY STAR Homes program. ENERGY STAR Homes works with builders to construct
energy-efficient homes that use less energy and thus reduce pollution and utility bill costs to
homeowners. While the program provides builders with technical and marketing support,
and develops linkages with mortgage lenders to offer special financing for purchasers of
ENERGY STAR Homes, they don’t necessarily highlight efficient fenestration as a path for
getting to ENERGY STAR. However, in recent years ENERGY STAR is promoting the use of
Builder Option Packages (BOPs), which are prescriptive designs deemed to meet ENERGY
STAR standards. Some windows companies have worked with ENERGY STAR staff to develop
windows-based BOPs that take maximum advantage of high-efficiency window technology.
Ensuring that efficient windows are used to meet the ENERGY STAR Homes requirements, as
well as the Building America and PATH program goals, will have a significant impact in the
marketplace.
Market Impacts
Window manufacturers increasingly are seeking NFRC certification. As of May
2000, approximately 81,000 products are certified through NFRC (Douglas 2000). This
represents more than 80% of all products made in the U.S. However, a large share of
certified products are not being labeled even though labeling is a relatively low-cost effort on
top of the other steps in the NFRC process (Prindle 1999). To address this, six states:
California, Oregon, Washington, Massachusetts, Wisconsin, and Minnesota now require
NFRC labeling under state building codes. The 1995 Model Energy Code includes a
requirement for NFRC labeling but few states that have adopted the code have also
established the administrative procedures to follow up on the NFRC labeling requirement.
The number of ENERGY STAR qualifying products has increased and product
availability is on the rise. As of January 1998 prior to the launch of the ENERGY STAR program
10 to 15 percent of window products manufactured in the United States met the ENERGY STAR
criteria. Over the first year of the program, the number of qualifying products increased to 30
percent (Curtis 1999). DOE is beginning a comprehensive tracking of national sales numbers
for ENERGY STAR products. The ENERGY STAR program is also exerting a strong influence on
NFRC labeling. Participation in the NFRC labeling has grown dramatically since the ENERGY
STAR program was launched. State building codes and ENERGY STAR are acting in concert to
move U.S. markets strongly in the direction of universal use of the NFRC label.
The baseline national market share for efficient windows is also increasing. According
to the Ducker Research market penetration study low-e glazings had attained one-third market
share in 1996 (Eto 1999). As noted earlier, this is the reported national market share.
Penetration varies widely by region, with higher saturations found in colder, heating-dominated
climates. In Southern California, where utilities provided co-funding for window upgrades, the
market for ENERGY STAR products more than doubled in 1998 from 5 percent of the market in
January to more than 10 percent at year end (Curtis 1999). And a progress reports for the NW
Alliance state that market share in the Pacific Northwest has more than doubled (Jennings
1999).
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Given that energy efficient window products are cost-effective in markets where
educational efforts increase consumer demand and builders selection practices, significant
room for additional growth exists in all regions. With the help of the three national programs
(NFRC, ENERGY STAR Windows, EWC), the support of regional initiatives (NEEP, NEEA,
FEES, FSEC, and consultants in Texas and California), and integration of efficient fenestration
into the Building America, ENERGY STAR Homes, and PATH projects, achieving 70% market
penetration by 2005 is an achievable goal.
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