











Figure 8: Average Return on Investment of Window Options For All Cities
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Figures 9, 10, and 11 offer a more in-depth return on investment analysis for three
cities considered in this study, Boston, Portland, and Phoenix. With its harsh
climate and high fuel costs, window retrofit or replacement measures in Boston
offer the highest ROI of any of the locations analyzed. At the other extreme, win-
dow measures in Portland in general yield the lowest rate of return, with its mild
climate and lower energy costs. Phoenix represents the range of results that may
be expected in warmer climates.

In heating-dominated climates, insulating cellular shades offer by far the highest
average ROI, from 4.8 and 7.8 percent; this low cost measure offers fairly sig-
nificant energy performance returns, making this approach the clear winner in
terms of return on investment. At the other end of the spectrum, new high per-
formance windows offer a poor average rate of return, from 1.2 to 2.3 percent,
depending on location. While new windows significantly improve performance,
the upfront costs are substantial.

In a cooling-dominated climate, interior surface film offers the greatest ROl at
5.9 percent; insulating shades offered considerably less benefit than in heating-
dominated climates, with return on investment of only 2.6 percent. Notably,
between the three climates, interior surface film offers the most variable ROI, as
it depends on the extent of cooling needed during the year.
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Interior window panels offer a 4.9 to 2.8 percent return in all climate conditions
studied, and exterior storm windows produce a similar ROIl. The combination of
insulating shades and an exterior window storm offers ROIls of between 3.9 to 2.2
percent.

Figure 9: Average Annual Return on Investment — Boston
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Figure 10: Average Annual Return on Investment — Portland
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Figure 11: Average Return on Investment — Phoenix
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7. Impact of window improvements are diminished if heating system has
already been upgraded.

The results of this analysis assume a gas furnace with a minimum federal effi-
ciency rating of 0.78 Annual Fuel Utilization Efficiency (AFUE) and relatively leaky
ducts. Additional results were generated using a higher efficiency furnace with
0.92 AFUE and tight, well-insulated ductwork. In the Boston example, the average
energy savings in KWh/yr for the higher efficiency furnace scenario are compared
below in Figure 12 for all test conditions. As these results indicate, the total annual
energy savings from various window upgrades are consistently lower when a
more efficient furnace is selected. Even though the heat loss through the win-
dows is the same in both efficiency scenarios, less total energy is needed to run
the high efficiency furnace. As the total energy needed for heating is reduced, the
potential savings from the windows is also reduced proportionally. Improvement
of cooling system efficiency will have a comparable impact on reducing window
savings in areas that use air conditioning.

Figure 12: Average Energy Savings (kWh/yr) over baseline for low and high efficiency HVAC
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This graph charts the average kWh savings per year that the baseline home is expected to realize with various
window improvement measures. The blue bars represent energy savings when the home is assumed to have a

high efficiency heating system; the red bars represent savings for the home with a low efficiency heating system.
These results show that the savings from upgrading windows is diminished if a home’s heating system has already

been upgraded. While this graph shows simulation results for Boston, the influence of equipment efficiency on
the window savings applies to the other cities studied in proportion to their heating load.

SAVING WINDOWS, SAVING MONEY

[l Boston - High Eff
B Boston - Low Eff

42



8. The best returns on investment are generated for do-it-yourself measures
such as simple weather stripping and interior surface film.

Even though the weather stripping option has the lowest energy cost sav-

ings and a low average ROI relative to other window improvement strategies,
Figure 13 shows that these savings can be cost effectively captured through
homeowner installation, producing higher returns than any of the other window
options studied. In Phoenix, the city that showed the lowest total energy sav-
ings from weather stripping, owner-installed weather stripping can still realize

a substantial return on investment. Hiring a professional, however, to install
weather stripping, quickly drives the return on investment to the lowest level of
any window option.

Figure 13: Return on Investment Soars For Do-It-Yourself Installation
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As demonstrated in Figure 14, returns for the interior surface film options are

influenced by the cost of installation and by solar design practices. For example,
a homeowner installation in a cooling-dominated climate such as Phoenix can
produce returns exceeding 18 percent, far more than most of the other window
options presented in this study. However, even this low-cost approach produces
negative returns in Portland, where no summer cooling is needed, underscoring
the importance of correctly selecting a window’s SHGC for its climate.

Figure 14: Variability in Return on Investment for Interior Surface Film
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VI. RECOMMENDATIONS

This report presents computer-simulated results of estimated energy use that
indicate the value of individual retrofit measures relative to each other in a
variety of climates. The energy savings noted (whether as a percentage or as an
annual estimate of energy cost or CO2 savings) should only be used to compare
options, not to predict the final savings that a retrofit will achieve. In reality, sav-
ings will vary widely depending on the actual house retrofitted (size, condition,
number of windows, construction characteristics, etc.) and occupant behavior
(windows/doors left open, temperature set points, nighttime setbacks for HVAC
systems, etc.). Nonetheless, this study offers useful guidance for homeowners
and industry professionals choosing among window retrofit or replacement
options.

The following recommendations set out best practices for selecting window
retrofit and replacement options.

1. Don’t start with windows: Tackle other energy-efficiency measures first.

As discussed in Section 4 of this study, whole-house air sealing, improving
insulation, and upgrading HVAC systems are often suggested as first measures
homeowners should consider from a cost-effectiveness and energy efficiency
perspective. Although investigating the sequence of all the possible energy ret-
rofits in an existing house was outside the scope of this study, Figure 12, which
compares the savings from the minimum-efficiency and high-efficiency HVAC
systems, reinforces the importance of considering window interventions within
the context of other possible energy-efficiency measures. Homeowners who
desire to maximize return on investment should consult an experienced energy
professional, a house designer or architect, and a contractor who is familiar
with energy saving retrofits to help evaluate applicable energy-saving solutions,
proper sequencing, and estimated construction costs for a specific house.

The Pettygrove Residence modeled in this study was assumed to have already
performed many common energy retrofits, including insulation, air sealing, and
an upgraded HVAC system. Because the prototype had already substantially
reduced its total energy consumption through these strategies, window inter-
ventions made a greater percentage impact in both cost and CO2 savings than
if the house had not already completed the other energy efficiency measures.
While window retrofits and replacement typically should not be the first inter-
vention considered by homeowners, they do offer efficiency gains and energy
savings, and are a significant part of a whole-house approach to achieving
energy efficiency.
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2. Choose window retrofits over replacements.
Window retrofits can achieve comparable energy savings at a much lower cost.

Many homeowners may be surprised to learn that enhancing the performance of
existing windows can offer nearly the same energy performance improvement
as replacement windows.

For all cities studied, at least one and often two of the improvements to the
existing windows can achieve energy savings within the range of savings
expected from new, high performance replacement windows.

The results of this study show that interior window panels, exterior storm win-
dows combined with cellular blinds, and in some cases even exterior storm
windows alone fall within the range of performance for replacement windows.
Importantly, not all retrofit/replacement window options are equal: To achieve
the highest total energy performance for a window retrofit, use a product and
installation method that is at the highest performance end of the range for that
measure (lowest U-factor, most appropriate SHGC for the climate condition, and
lowest air leakage rate).

Furthermore, retrofitting existing windows is far less costly than installing

high performance replacement windows. Figures 9, 10, and 11 demonstrate

that replacement windows have comparatively low returns on investment for
homeowners. While replacement windows may offer high energy performance
improvement, the upfront costs are substantial and are not rapidly recovered
through savings in energy bills. Installing cellular shades typically offers the
highest return on investment, while the use of storm windows and/or the use of
storm windows with insulating shades also offers a solid return on investment.
Interior storm windows offer other advantages as well, including reduced poten-
tial exposure to lead-based paint, while exterior storm windows help extend the
useful life of historic windows by offering protection from the elements.

Saving existing windows avoids the environmental impacts associated with new
windows production.

Reusing existing windows has other advantages beyond operational energy and
cost savings. Keeping existing windows saves the energy and resources that
would be needed to create a new window. Like any product, the production

of replacement windows requires materials, and these materials generate CO2
and other environmental hazards from the extraction, manufacture, transport,
and disposal processes. Retrofit measures also require materials, but are often
less materials intensive and have less of an environmental impact than an entire
window replacement.

A full life cycle assessment was outside the scope of this report, and is needed
to further evaluate this issue. In the absence of such analysis, high performance
green building standards such the Living Building Challenge can also serve

as a useful guide for material selection for homeowners, providing stringent
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standards for eliminating “Red-List” materials and chemicals found in build-

ing materials (such as PVC, a common material used in window products, both The Living Building
replacements and retrofits), using only sustainably sourced wood products, and Challenge can also
selecting locally manufactured materials to reduce transportation energy and serve as a useful guide
support regional economies.” for material selection

for homeowners, pro-
viding stringent stan-
dards for eliminating
“Red-List” materials
and chemicals found in
building materials

Finally, anticipated lifespan is also an important consideration when selecting
materials. Many old windows are made from old growth wood, an increasingly
scarce resource, which is extremely durable and easily repaired. Replacement
windows do not offer such durability or reparability. To extend the life of the
existing window, other upgrade measures should be considered when address-
ing the performance of the existing window, regardless of the energy savings

produced. These include general sash and frame repairs such as replacing and
rebalancing the counter-weight system, adjusting the stops, checking that the
sash lock is drawing the meeting rails tight, and repairing failed glazing.

Saving windows preserves a home’s character.

Historic windows were custom fit to their original openings and often have sizes,
shapes, and muntin patterns not found today. Replacing them often requires
changing the size and/or shape of the opening. Standard-sized new windows,
with or without applied muntins, might save on operational costs but will com-
promise the character and historic integrity of a home. For this reason, repairing
existing windows and/or choosing attachments to improve their thermal perfor-
mance and occupant comfort is generally less expensive than custom replace-
ments and preserves the character of the home.

Retrofits extend the life of existing windows, avoid production of new materi-
als, and reduce waste. Additionally, wood windows are often a character defin-
ing feature of older homes, and conserving them helps to preserve the historic
integrity of a home. The Secretary of the Interior’s Standards for the Treatment
of Historic Properties and The Secretary of the Interior’s Illlustrated Guidelines
on Sustainability for Rehabilitating Historic Buildings offer guidance on how best
to approach the preservation of windows in historically designated homes, or
homes that may be eligible for listing.

3. Take climate into consideration.
The best retrofit option for Phoenix may not be right for Chicago.

The results from both the energy simulation and the investment analysis show
that for all climates and cities studied, interior window panels and exterior storm
windows are recommended options for reducing the energy loss from existing
single-pane windows. In many cases, these two storm window measures have
comparable energy performance to new, high performance replacement win-
dows at a fraction of the cost.
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In heating-dominated climates, insulating cellular shades helped reduce heat loss,
especially when using a side track and in conjunction with exterior storm windows.
As the need for winter heating decreases and summer cooling increases, the ben-
efits of insulating cellular shades decline.

Interior surface films that reduce solar heat gain produced the best savings and
greatest return on investment in cooling-dominated climates. Further, the applica-
tion of low-e coatings to exterior storm windows substantially improved simulated
energy performance for cooling-dominated climates. However, in heating-dom-
inated climates the energy simulation showed an increase in energy used due to
beneficial solar energy being reflected away from the house during the heating
season. Thus, interior surface films or low-e coatings should be selected for these
climates that simultaneously maintain a medium-to-high solar heat gain coefficient
and a low U-factor. In climates with no summer cooling, such as Portland, facades
that face the sun during the winter may maximize beneficial solar gain by using
clear glass without any film or low-e coating. Homeowners should consult with an
energy consultant familiar with passive solar design during the design phase of a
project to make sure that the complex interaction between the sun and a home’s
heating and cooling needs is considered.

An important climatic consideration when selecting window enhancements is
whether existing exterior shading from overhangs, trees, or other nearby buildings
will reduce the impact of installing an upgrade measure with a low SHGC in cool-
ing climates. If windows are already shaded by exterior elements, or if windows
are not oriented toward the sun, they will receive minimal or no cooling benefit
from the addition of a low SHGC retrofit.

4. Take matters into your own hands.
Perform high-return, do-it-yourself installations first, where possible.

Weather stripping and interior surface film generate immediate, low-cost savings

and don’t preclude future installations of other window measures that may pro-

duce additional savings. However, expected returns from weather stripping are
highest where the windows are old
and drafty, so focus on those first

Create a plan that saves the for immediate energy savings. Inte-
existing windows and saves rior surface films are an excellent
energy. option for homeowner installation,

especially for homes with big cool-

1. Get blower-door test. ing bills in hot climates. Use care in

2. Repair existing windows. applying films or low-e coatings to
3. Install cellular shades with windows in colder climates, con-
tracks. sulting a designer or energy pro-

fessional to assist with the proper
selection of materials and window
5. Buy exterior storm windows. locations that may produce the

best year-round savings.

4. Save money.
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While not directly related to energy savings, a comprehensive window renova-
tion that includes repairing the counterbalance mechanism, adjusting for proper
fit, and repairing weather-damaged window components can substantially
extend the life of the window and improve window tightness. Care should be
taken to properly assess and abate lead-based paint during any window repair
activities. As resources allow, simple enhancements such as cellular shades,
especially those with side tracks to reduce air infiltration, can substantially
improve the energy performance of windows over time. A combination of mea-
sures such as cellular shades with exterior storm windows in a cooler climate or
interior surface film in a warmer climate can produce dramatic energy savings.
Taking a phased approach to window upgrades, focusing on the highest returns
first and using savings to pay for future improvements, can eventually lead to
long-term savings of money, energy, and carbon emissions for older homes,
even for households that are on a tight budget.
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VIl. CONCLUSIONS AND FUTURE RESEARCH

The results of this study show that window retrofit and replacement options
have the potential to significantly improve the energy efficiency of a home with
existing leaky, single-pane windows. How much varies substantially among
retrofit options, energy costs, and climate variations. Several retrofit options
fall into the range of expected performance that a replacement window might
achieve (specifically exterior and interior storm windows, especially when com-
bined with cellular shades), showing that retrofit options should be a first con-
sideration before replacements.

This study identified a number of future research opportunities that could pro-
vide a more comprehensive understanding of window retrofit and replacement
options for older leaky, single-pane windows. These include:

LIFE CYCLE ASSESSMENT

This study evaluated only the energy savings of various test conditions and did
not address impacts to the environment or to human health associated with
material production, transportation, maintenance, replacement, or disposal
over the anticipated life span of the retrofitted or replacement windows. Further
research is needed to understand how each test condition compares based on
these impacts. Due to the wide range of material choices that exist for window
retrofit/replacement measures, this type of analysis was outside the scope of
this current study. However, the energy results from this analysis could provide
a basis for a more comprehensive study on life cycle impacts in the future.

VARIATIONS IN HEATING SYSTEM OR FUEL TYPE

This study was limited to an evaluation of a baseline home assumed to be served
by a natural gas-powered furnace and electrical window/wall air conditioning
units. Variations in the type and efficiency of the heating/cooling system as well
as the fuel type could potentially change the results of this study. More research
is needed to understand how these variables affect the decision to replace or
retrofit windows in different climate regions.

UNDERSTANDING WINDOW UPGRADES IN CONTEXT OF
WHOLE HOUSE RETROFIT CHOICES

In many cases, choosing to retrofit or replace windows may not be the most
cost-effective or efficient way to improve the energy performance of an older
home. A much more detailed analysis is needed to evaluate how to prioritize
window upgrades in the context of other energy-efficiency measures such as
adding insulation, whole-house air sealing, and upgrading existing heating and
cooling equipment.

PASSIVE SOLAR DESIGN GUIDANCE FOR WINDOW RETROFITS

The energy simulations for this study used assumptions for window perfor-
mance that were assembled from a meta-review of past windows reports. The
selections of U-factor, SHGC, and air infiltration characteristics were based
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upon previously tested or modeled conditions for actual assemblies. Low and
high performance assumptions did not reflect exact climate conditions in the
five cities selected. A follow-up study is needed to provide guidance about how
to properly select low-e coatings, films, and glazing for the different window
retrofit options presented, ideally for each of the climate zones identified in the
International Energy Conservation Code.
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IX. ENDNOTES

1.

The Greenest Building: Quantifying the Environmental Value of Building Reuse. National Trust for
Historic Preservation, 2012. http://www.preservationnation.org/information-center/sustainable-com-
munities/sustainability/green-lab/Ica/The_Greenest_Building_lowres.pdf

U.S. Department of Energy, 2077 Buildings Energy Databook, Residential energy use based on
2009 data, accessed April 2012 at http://buildingsdatabook.eren.doe.gov/Chapterintro2.aspx. U.S.
Energy Information Association, Carbon Dioxide Emissions by End-Use Sector, Table 6, 2008 data.
http://205.254.135.24 /0iaf/1605/ggrpt/carbon.html. Accessed April 2012.

U.S. Department of Energy, accessed March 2012. http://buildingsdatabook.eren.doe.gov/Chapterin-
tro2.aspx.

Ibid.

U.S. Census Bureau. American Housing Survey for the United States, 2007. On-Line, www.cen-
sus.gov/prod/2008pubs/h150-07.pdf., Department of Energy. Buildings Energy Data Book, Table
5.2.6, “2005 Residential Prime Window Stock.” Online, http://buildingsdatabook.eren.doe.gov/
docs%5CDataBooks%5C2005_BEDB.pdf.)

US Department of Energy, Energy Savers Booklet. http://www]l.eere.energy.gov/consumer/tips/pdfs/
energy_savers.pdf

Greenhouse gases are defined by the U.S. Environmental Protection Agency as “gases that trap heat
in the atmosphere.” (http://www.epa.gov/climatechange/emissions/) These cases can be either

the result of natural processes or exclusively the result of human activities. Carbon dioxide (CO2),
Methane (CH4), Nitrous Oxide (N20), and fluorinated Gases such as hydrofluorocarbons, and sulfur
hexafluoride are the primary greenhouse gases produced by human activity. These are of concern as
it is believed that they are accelerating the rate of climate change. Of these, carbon dioxide is central
to this study as it is produced by burning fossil fuels—coal, oil, and natural gas. These fuels are the
source of 74% of the U.S.’s heating and cooling energy either through direct burning or through the
production of electricity. (U.S. Energy Information Administration) Thus, many consider reducing
CO2 emissions to be critical to slowing climate change. This reduction in CO2 is typically measured as
carbon savings, which is one of the variables in this study.

US Department of Energy, 2008 figures http://buildingsdatabook.eren.doe.gov/TableView.aspx?
Three studies of older, double-hung windows, Larson (1931), Lund (1952) and Center for Resource

Conservation (2011) show air infiltration from leaky windows that is consistent with the values
assumed in this report.

. Heating Degree Day (HDD) and Cooling Degree Day (CDD) provide a rough estimate of seasonal

heating and cooling requirements. HDD and CDD for each city are referenced here to show approxi-
mate climate variations between the cities selected for this study.

US Department of Energy, Energy Savers, Weather-stripping. Accessed April 2012. http://www.ener-
gysavers.gov/your_home/insulation_airsealing/index.cfm/mytopic=11280

. Measured Winter Performance of Storm Windows. Joseph Klems. 2002.

. International Living Future Institute, Living Building Challenge: https://ilbi.org/. The Red List contains

materials and chemicals banned from use on Living Building projects: asbestos, cadmium, chlori-
nated polyethylene and chlorosulfonated polyethylene, chlorofluorocarbons (CFCs), chloroprene
(Neoprene), formaldehyde (added), halogenated flame retardants, hydrochlorofluorocarbons
(HCFCs), lead (added), mercury, petrochemical fertilizers and pesticides, phthalates, polyvinyl Chlo-
ride (PVC), wood treatments containing Creosote, arsenic or pentachlorophenol.

. U.S. Department of Energy, Energy Savers. Passive Solar Window Design. Accessed August 2012.

http://www.energysavers.gov/your_home/windows_doors_skylights/index.cfm/mytopic=13360
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X. APPENDIX
APPENDIX A: SIMULATION INPUTS AND ASSUMPTION

See Separate Excel Data File

SAVING WINDOWS, SAVING MONEY

54



To be effective, south-facing windows usually must have a solar heat gain coef-
ficient (SHGC) of greater than 0.6 to maximize solar heat gain during the winter,
a U-factor of 0.35 or less to reduce conductive heat transfer, and a high visible
transmittance (VT) for good visible light transfer.

East- and west-facing windows have difficulty in effectively control the heat and
penetrating rays of the sun when it is low in the sky during the long morning
and evening hours in heating-dominated climates. These windows should have
a low SHGC and/or be shaded. North-facing windows collect little solar heat,
and so a low-emissivity window treatment with a high SHGC, that maximizes
both U-factor and VT, should be used.

COOLING-DOMINATED CLIMATES

In cooling climates, particularly effective strategies include preferential use of
north-facing windows and generously shaded south-facing windows. Windows
should choose low SHGCs on south-, east- and west- facing windows to effec-
tively reduce cooling loads.
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