
Expensive and important, a good window 
provides passive heating and cooling, 
insulation, light, and a view.insulation, light, and a view.insulation, light, and a view.insulation, light, and a view.

FIBERGL ASS
The best you can get if 
you want to maximize 
a frame’s insulating 
ability, fiberglass is 
the least conductive 
material, and the frame 
can be insulated with 
foam. More expensive 
than aluminum, vinyl, or 
wood, fiberglass requires 
little maintenance and is 
durable and extremely 
strong. It can be 
extruded in low-profile 
frames and sashes in 
several colors and is 
paintable. Another 
advantage is that as the 
temperature changes, 
fiberglass expands 
and contracts at a rate 
almost identical to the 
glass. This helps to 
prevent seals along the 
glass from failing. 

FR AME MATERIALS

WOOD
The only choice 
for some 
traditionalists, 
wood offers your 
pick of colors 
(and it can be 
changed later 
on). Wood frames 
are moderately 
priced and 
have good 
insulating value 
and structural 
strength, but 
they’re not low 
maintenance; 
they require 
periodic cleaning 
and painting, 
which adds to 
their overall cost.

CL AD
Windows with 
aluminum-, vinyl-, 
or fiberglass-clad 
wood frames are the 
most expensive. A 
clad unit offers the 
low-maintenance 
durability of 
aluminum, vinyl, or 
fiberglass on the 
outside, and the 
thermal resistance 
and appeal of 
wood on the inside. 
Well-engineered 
aluminum cladding 
should strengthen 
the window. Custom 
colors for aluminum 
cladding can match 
any paint chip at an 
additional cost. 

VINYL
Vinyl frames are formed 
of extruded PVC. 
Multiple chambers in 
the frames and sashes 
add rigidity. These 
chambers also act as 
insulation in the same 
way as the airspace 
between glass panes; 
some manufacturers 
fill the chambers with 
foam insulation to 
improve the frame’s 
insulating ability. While 
it’s typically the least 
expensive window, 
vinyl is available in only 
a handful of colors, 
generally white and 
some variation on 
almond. Darker colors 
absorb too much heat, 
causing vinyl to deform 
and degrade. 

ALUMINUM
Aluminum frames 
are strong, durable, 
inexpensive, and 
require little mainte-
nance. However, they 
are available in limited 
colors, and aluminum 
is highly conductive. 
To achieve even 
modest insulating 
levels, the frame 
and sashes must be 
carefully engineered 
with thermal breaks. 
Even then, they are 
best in mild desert 
climates or on impact-
resistant windows in 
hurricane zones. 

DICTATE PERFORMANCE,  MAINTENANCE,  AND COST

$ $$$ $$$$$$$
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BY SEAN GROOM

We help you sort through the materials, styles, 
and  ratings that will  influence your choice 

hen you roll up to a house for the 
first time, you can’t help but notice 

the windows. Their size, style, and 
placement determine if they’re 

appropriate to the architectural style and, to some 
degree, if the house will be a pleasure to be in.

For most people, that’s as much thought as they 
give to windows. And that’s too bad, because 
picking the right windows can lower heating 
and/or cooling costs, improve comfort inside 
the house, and improve indoor-air quality by 
 dramatically limiting condensation.

To buy the best-performing windows for your 
house, though, you need to know a bit about how 
they work and what they need to do. 

A window has four basic jobs
▶ The first thing a window has to do is control 
heat gain and loss. Technically, these tempera-
ture changes take place through conduction, 
convection, and radiation. As a practical matter, 
these temperature changes affect your comfort. If 
you’re sitting next to a window, you’ll experience 
conduction and convection when the glass acts as 
a cold radiator in the winter; and you’ll experi-
ence radiation on a sunny day when you feel like 
an ant trapped under a magnifying glass.
▶ Second, a window must control solar-heat 
gain. I say control because heat gain isn’t always 
bad. If you live in a heating climate—generally 
speaking, anything north of Oklahoma with the 
exception of California—you should take advan-
tage of the free heat windows can provide.
▶ Third, windows need to regulate airflow. 
They should be airtight when closed and also 
offer fresh air when you want it.
▶ Finally, windows provide natural light and 
frame views both near and far.  

What makes a good frame?
When most people choose windows, they begin 
by considering the frame material. They might 

be predisposed to traditional wood or low-
maintenance vinyl. However, according to Nils 
Petermann at the Efficient Windows Collabora-
tive, the most important factor to consider is the 
frame’s durability. This is where I’d like to refer 
you to an independent organization that provides 
unbiased durability ratings for window frames. 
Unfortunately, there isn’t one. 

You can make educated guesses about durabil-
ity based on the frame material. But whether it’s 
wood, vinyl, fiberglass, aluminum, or clad, a well-
constructed window lasts longer and performs 
better than a poorly constructed one regardless of 
the relative benefits of its frame material. 

The best way to get a sense of window quality 
is to read all the product literature you can get 
your hands on and to look at actual windows—a 
lot of them. Go to the big-box store and the local 
building supply, and open and close the windows 
on display, paying attention to how the corners 
are joined, how well the sashes seal, and how 
rigid the unit is.

On vinyl windows, look for continuous ther-
mally welded corners. Examine the corner 
cutaway displays of aluminum windows for a 
continuous thermal break in both frame and 
sash. On a clad window, the cladding should 
have well-sealed corners and gaskets to prevent 
water from getting behind the cladding. Alumi-
num is an excellent heat conductor, so be sure that 
aluminum cladding doesn’t contact conditioned 
interior air at any point. 

Another way to sift through the options is to 
talk to reputable builders and architects in your 
area. Ask what windows they use and how long 
they have been using them. They won’t stick 
with windows that make their clients unhappy. 

Thirty years ago, when single-pane windows 
were the rule rather than the exception, compa-
nies looking to improve window performance 
focused their research on insulating glass. It was 
the lowest-hanging fruit. They’ve done such a 
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WINDOW 
ANATOMY
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WINDOWS NEED TO INSUL ATE
Sealed airspaces improve 
insulation. The more insulat-
ing spaces in the glass unit, 
the better the performance; 
triple-glazed windows are 
among the most energy effi-
cient you can buy. Aluminum, 
vinyl, and fiberglass frames 
use extruded chambers both 
for strength and as a ther-
mal break. Filling these 
cavities with foam pro-
vides additional insu-
lation. Solid-wood 
frames are about as 
efficient as vinyl. 

good job that the R-value of insulated glass is good enough to make 
the window frame the weak link in the thermal chain. That’s one rea-
son why manufacturers list performance data for relatively large win-
dows, say, 4 ft. by 5 ft. (When you’re comparing windows, make sure 
the performance data are for windows of the same size.) Windows 
with large areas of glass yield better performance numbers because 
the frame is a smaller percentage of the window area. Savvy window 
designers understand this and tweak their windows accordingly for 
optimal performance. By using strong materials that permit low-profile 
sills, sashes, and jambs, they minimize the size of the conductive 
frame while being sure to incorporate materials that reduce air leakage.

Frame material can also influence how long a window stays airtight. 
Like most building materials, windows expand and contract with 
changes in temperature and humidity. When you see a window with 
moisture between panes, it’s likely that movement between the glass 
and the sash broke the insulating seal. By choosing stable materials, 
you can reduce stress on the seal and increase the window’s longevity. 
Fiberglass expands at the rate of glass, while aluminum and vinyl 
expand respectively 3 times and 7 times more than glass. Wood moves 
in response to humidity changes rather than temperature.

Insulated glass reduces heat loss 
Manufacturers typically refer to glass as glazing. Using glazing as a 
noun is a bit pretentious, like referring to a window as a fenestration, 
but it does give the sense that glass assemblies in today’s windows are 
a far cry from the single-pane windows installed in the 1970s. 

Those single-pane windows have been abandoned in most heat-
ing climates because glass is a horrible insulator. A standard window 
today relies on an insulated glass unit (sometimes called an IG). This 
unit is a sealed sandwich of two or three pieces of glass with an air-
space between the panes. IG units are manufactured by a handful of 
glass companies that supply the hundreds of window manufacturers 
in North America. 

To understand and appreci-
ate how a window works, 
you need to know the com-
ponents that make up a 
basic window. While 
there are several types 
of windows besides the 
double-hung and casement 
illustrated here, the termi-
nology used to describe 
each piece is universal. 

Weather-
stripping

Jamb
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The NFRC label by the numbers 

U-factor rates a window’s 
insulating properties by mea-
suring the flow of nonsolar 
heat through the window. You 
can think of it as the rate of 
conduction; the lower the 
U-factor, the less heat will 
flow through the window. 
(U-factor is the reciprocal of 
the more familiar R-value used 
to rate insulation. R-value 
measures resistance, so higher 
numbers are desirable.)

Although we tend to think 
of a window as primarily 
glass, the frame makes up 
20% to 30% of the unit. 

Air leakage (AL) A 
measure of the amount 
of air passing through 
the window assembly; 
a source of heat gain 
and loss. This optional 
rating is expressed in 
cubic feet per minute 
through a square foot 
of window. Look for 
ratings under 0.3; lower 
is better.

The airspace between glass panes, usually 1⁄2 in. to 
2⁄3 in. thick, serves as insulation by reducing the transfer of 
heat through conduction. A single clear pane has a U-factor of 
1.04, but a sealed double-pane unit has a U-factor of 0.5 (see “What’s 
a U-factor?” right). Adding a third pane improves the U-factor to 0.3.

Replacing the air with gas improves the insulating value of the 
window. Manufacturers use argon or krypton gases because they’re 
inert—chemically stable and nonreactive—and because they reduce 
heat loss, as they are less conductive than air. Argon and krypton 
also reduce convective losses because the gases are heavier than air, 
reducing gas movement within the insulating space. 

Krypton performs slightly better than argon, but its bigger advan-
tage is that the optimal spacing between krypton-filled panes is nar-
rower than what’s required for argon. That means less stress on the 
sashes, particularly in triple-pane windows.

Spacers are potential weak points
Spacers between glass panes perform three functions: They maintain 
a uniform separation between pieces of glass, they provide a good 
adhesive surface for the glass, and they create an airtight seal for the 
insulating cavity.

Although you should choose windows based on their overall per-
formance ratings, the spacer, while small, substantially impacts a 
window’s U-factor and condensation resistance. 

The spacer’s job is complicated by the fact that it’s in contact with 
both the inside and outside surfaces of the window, forming a bridge 
between indoor and outdoor environments. Because the spacer is 
more conductive than the air or gas fill, it changes the temperature of 
a 21⁄2-in.-wide band around the edge of the glass. As a consequence, 

U-factors are measured for 
the edge of the glass area, 
the center of the glass area, 
and the frame; but the 
important U-factor is for the 
entire window unit. Buying 
decisions should be based on 
this number, which appears 
on the NFRC label (above). 

U-factors for operable win-
dows range from 0.14 for a 
super-insulating suspended-
film unit to 0.5 or so for a 
basic double-pane window 
from a big-box store. Lower 
U-factors correlate with 
higher prices.

WINDOW DNA

Condensation resistance 
A relative scale from 0 to 
100 based on the window’s 
properties. It predicts the 
likelihood of condensation, with 
higher numbers indicating less 
condensation. 

Visible transmittance (VT) 
A measure of the amount 
of visible light that passes 
through the window. 
Values range from 0 to 1 
(a higher number equals 
more light). However, 
most ratings are between 
0.3 and 0.8 because they 
take into account the light 
blocked by the frame. 
Choose windows with 
higher VT to maximize 
daylight and views.

U-factor A measure of the insulating value. 
U-factor is the nonsolar heat flow through 
all parts of the window (glass, frame, 
and sash). A lower number means better 
insulation and greater performance.

Solar heat gain 
coefficient (SHGC) 
The percentage 
of the sun’s solar 
heat that passes 
through the 
window. Higher 
numbers mean 
more passive solar-
heating potential.

What’s a 
U-factor? 
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Choosing Energy-saving 
windows

Insulated 
fiberglass frame,
double pane with 
three films

U-factor = 0.09 
(R-11)
SHGC = 0.26
Price = $280/sq. ft.

San Francisco, Calif.

Insulated vinyl 
frame, double 
pane with one film

U-factor = 0.27 
(R-3.8)
SHGC = 0.47
Price = $50/sq. ft.

Duluth, Minn.

you need to take energy costs into 

account. A quick-and-dirty tool from 

the Efficient Windows Collaborative 

(www.efficientwindows.org/selec

tion.cfm) compares the energy 

costs for a range of windows with 

different performance characteris-

tics. The cost figures are generated 

using RESFEN software (see “The 

best approach,” facing page) and 

are based on a benchmark house. 

Their modeling recommends 

low U-factor, high-SHGC windows 

in the north region, the north/

central zone, and the upper half of 

the south/central area; and low 

U-factor, low-SHGC windows in the 

southern reaches of the south/cen-

tral area and in the south region.

The most energy-efficient win-

dows in all locations, except San 

Francisco and Flagstaff, Ariz., are 

at least triple-glazed with insulated 

vinyl or fiberglass frames. These 

windows are hard to find and ex-

pensive. The nice thing about the 

Collaborative’s Web site is that it 

shows how much annual energy 

expenditures rise if you opt for 

a readily available double-glazed 

window with two low-e coatings 

and an uninsulated vinyl or clad-

wood frame. Exceeding Energy 

Star minimums saves money over 

the life of the window. (Examples 

shown are options exceeding 

Energy Star thresholds. Consult 

the Collaborative’s Web site or 

zones might start at around $14 

per sq. ft., with a clad frame start-

ing at around $28 per sq. ft.

LOCAL:
A better approach
In the United States, the perfor-

mance characteristics on an NFRC 

label (p. 77) provide a moment-in-

time snapshot of performance, but 

don’t relate anything about the long-

term energy consequences and peak 

load demands of window choices. 

To get a better-performing win-

dow than the Energy Star minimum, 

REGIONAL:
A good approach
If you’re interested in efficient 

windows, the starting point is an 

Energy Star rating. The greatest 

chunk of energy savings comes 

from good insulating properties. 

Energy Star performance prescrip-

tions dictate that the colder the 

climate, the lower the U-factor 

you’ll want. In southern climates, 

where air-conditioning dominates 

energy consumption, Energy Star 

ratings shift focus to a lower 

solar heat gain coefficient (SHGC) 

to reduce the impact of the sun.

The Department of Energy 

divides the United States into 

four climate regions (map above). 

Under the Energy Star program, 

each region is assigned threshold 

U-factor and SHGC ratings for a 

qualifying window (chart above). 

A double-hung vinyl window that’s 

Energy Star qualified in all four 

the window’s overall U-factor is affected. In smaller windows, the 
21⁄2-in. temperature band is a larger percentage of the window and 
has a greater effect on the window’s U-factor. While spacers can be 
considered the Achilles’ heel of all windows, a casement window per-
forms slightly better than a double-hung of the same size because 
the former has less spacer area. Likewise, the thermal performance 
of true divided-lite windows made up of multiple IG units suffers 
because of all the spacer area in the window. (Simulated divided lites 
can also affect U-factor if the grille creates a thermal bridge between 
the panes.)

Spacers are made of aluminum, steel, fiberglass, foam, and thermo-
plastics, often in some combination. Foam spacers have the lowest 
U-factor, while aluminum has the highest. Today, quality windows 

use “warm-edge” spacers. (It’s worth noting that warm-edge means 
only that it’s less conductive than aluminum.) A good warm-edge 
spacer raises the interior surface temperature of the glass along the 
perimeter of the window. This is especially important at the window’s 
bottom edge, which is most subject to condensation. At 0°F outside, 
a good spacer increases the temperature at the bottom of the inside 
glass pane by 6°F to 8°F. As a result, a more comfortable relative-
humidity level indoors is possible during the winter without win-
dow condensation. 

Coatings improve performance 
Energy-efficient windows were developed during the previous energy 
crisis. When Jimmy Carter was installing solar panels on the White 

North

South/
Central

South

North/
Central

SHGCU-factor

≤0.35

≤0.55≤0.4

≤0.4

≤0.65

≤0.4

≤0.4

any

R
E

G
IO

N
R

E
G

IO
N

R
E

G
IO

N
R

E
G

IO
N

R
E

G
IO

N
R

E
G

IO
N

R
E

G
IO

N
R

E
G

IO
N

Energy Star requirements

Choosing Energy-saving Energy-saving Energy-saving Energy-saving Energy-saving Energy-saving Energy-saving Energy-saving Energy-saving 
windowswindowswindowswindowswindowswindowswindows
Energy-saving 
windows
Energy-saving Energy-saving 
windows
Energy-saving Energy-saving 
windows
Energy-saving Energy-saving 
windows
Energy-saving Energy-saving 
windows
Energy-saving Energy-saving 
windows
Energy-saving 

you need to take energy costs into you need to take energy costs into you need to take energy costs into you need to take energy costs into you need to take energy costs into you need to take energy costs into you need to take energy costs into you need to take energy costs into you need to take energy costs into 

account. A quick-and-dirty tool from account. A quick-and-dirty tool from account. A quick-and-dirty tool from account. A quick-and-dirty tool from account. A quick-and-dirty tool from account. A quick-and-dirty tool from account. A quick-and-dirty tool from account. A quick-and-dirty tool from 

the Efficient Windows Collaborative the Efficient Windows Collaborative the Efficient Windows Collaborative the Efficient Windows Collaborative the Efficient Windows Collaborative the Efficient Windows Collaborative the Efficient Windows Collaborative the Efficient Windows Collaborative the Efficient Windows Collaborative 

zones might start at around $14 zones might start at around $14 zones might start at around $14 zones might start at around $14 zones might start at around $14 zones might start at around $14 zones might start at around $14 zones might start at around $14 

per sq. ft., with a clad frame start-per sq. ft., with a clad frame start-per sq. ft., with a clad frame start-per sq. ft., with a clad frame start-per sq. ft., with a clad frame start-per sq. ft., with a clad frame start-per sq. ft., with a clad frame start-per sq. ft., with a clad frame start-

ing at around $28 per sq. ft.ing at around $28 per sq. ft.ing at around $28 per sq. ft.ing at around $28 per sq. ft.ing at around $28 per sq. ft.ing at around $28 per sq. ft.ing at around $28 per sq. ft.

REGIONAL:REGIONAL:REGIONAL:REGIONAL:
A good approachA good approachA good approachA good approachA good approachA good approachA good approach
If you’re interested in efficient If you’re interested in efficient If you’re interested in efficient If you’re interested in efficient If you’re interested in efficient If you’re interested in efficient If you’re interested in efficient If you’re interested in efficient 

windows, the starting point is an windows, the starting point is an windows, the starting point is an windows, the starting point is an windows, the starting point is an windows, the starting point is an windows, the starting point is an windows, the starting point is an 

Energy Star rating. The greatest Energy Star rating. The greatest Energy Star rating. The greatest Energy Star rating. The greatest Energy Star rating. The greatest Energy Star rating. The greatest Energy Star rating. The greatest Energy Star rating. The greatest 

R
E

G
IO

N
R

E
G

IO
N

R
E

G
IO

N
R

E
G

IO
N

R
E

G
IO

N
R

E
G

IO
N

R
E

G
IO

N
R

E
G

IO
N

Energy Star requirementsEnergy Star requirementsEnergy Star requirements

≤ less than or equal to

FINE HOMEBUILDING78 Maps courtesy of Energy Star. Drawing facing page, bottom: Dan Thornton.

COPYRIGHT 2009 by The Taunton Press, Inc. Copying and distribution of this article is not permitted.



Louisville, Ky.

Insulated fiber-
glass frame, 
triple pane 
U-factor = 0.23 
(R-4.3)
SHGC = 0.39
Price = $80/sq. ft.

Clad-wood frame,
double pane

U-factor = 0.3 (R-3.3)
SHGC = 0.21
Price = $52/sq. ft.

New Orleans, La.

ing on two different glass panes can 
fine-tune the amount of heat that’s 
retained in each direction. 

The measure of the amount of the 
sun’s heat a window lets through is 
the solar heat gain coefficient. SHGC 
in shorthand, it ranges from 0 to 1, 
where 1 is uninterrupted heat gain. 
A clear-glass, two-pane insulated 
window has an SHGC between 0.56 
and 0.68, depending on the frame material and construction. The size 
of the air gap, which is influenced by frame design, and the amount 
of light blocked by the frame and grille affect the SHGC.

and 0.68, depending on the frame material and construction. The size and 0.68, depending on the frame material and construction. The size and 0.68, depending on the frame material and construction. The size and 0.68, depending on the frame material and construction. The size and 0.68, depending on the frame material and construction. The size 

RESFEN for energy performance 

for your location. Prices are 

approximate window cost.)

Critics of Energy Star argue that 

in heating climates, the emphasis 

on insulating-value performance 

to the exclusion of solar heat gain 

misses an opportunity. By omitting 

an SHGC requirement in the north 

region, window companies can 

market a single low U-factor, low-

SHGC glass package that meets 

Energy Star requirements in all 

regions. An Energy Star label on 

designers use complex modeling 

software to evaluate the effect of 

window options on energy con-

sumption. Rather than buying the 

same window for an entire house 

(as you would using Energy Star 

guidelines or the Efficient Windows 

Cooperative Web site), they tune 

the windows to optimize glass per-

formance for each orientation. 

The average homeowner or con-

tractor can model the energy per-

formance of a house and compare 

the effects of different windows 

with RESFEN, a free software 

package from the Department of 

Energy’s Lawrence Berkeley 

National Laboratory (http://win

dows.lbl.gov/software/resfen/res

fen.html). Unfortunately, to get the 

most out of the program, you’ll 

have to slog through the manual.

Generally, in heating climates, 

south-facing windows have a high 

SHGC (greater than 0.5), and east- 

and west-facing windows have a 

low SHGC (less than 0.3) to pre-

vent solar gain in the summer.

Until recently, common wisdom 

was that the SHGC on north-facing 

windows should match east- and 

west-facing windows, but software 

modeling has shown that high-

SHGC north-facing windows don’t 

lose any energy. 

fairly high, a low U-factor helps to 

keep indoor temperatures cool. 

This reduces peak cooling loads 

and saves money in two ways: It 

reduces energy consumption in 

peak demand periods with higher 

rates, and by reducing peak loads 

saves on mechanical costs with a 

smaller air-conditioning system. 

Window glass isn’t the only or 

even the best way to block sum-

mer sun. Deciduous trees on the 

south, east, and west sides of a 

house work very well. Another 

strategy is the use of overhangs 

and shading devices (see “Drawing 

Board,” p 102).

If you need to rely on window 

glass to control solar gain in the 

South, you’ll need low-SHGC, or 

spectrally selective, windows. They 

reflect short- and long-wave infra-

red radiation to filter out 40% to 

70% of incoming heat. Sometimes 

known as low-e2 or low-e3, the 

second- and third-generation low-

emissivity coatings on these win-

dows not only reduce solar gain, 

but also filter more than 99% of the 

UV-light that causes color fading.

Generally, you want a window to 

block solar gain but let in visible 

light. The window’s light-to-solar-

gain ratio (VT/SHGC) provides a 

gauge of its relative efficiency in 

transmitting light while blocking 

heat gain. The higher the number, 

the more light transmitted without 

adding excessive amounts of heat. 

In a cooling-dominated climate, a 

ratio above 1.0 is better because 

light transmittance is higher than 

heat gain.

If glare is a problem, windows 

tinted bronze, green, or blue limit 

visible light and are spectrally 

selective with a low SHGC. How-

ever, because they absorb infrared 

radiation rather than reflect it, 

tinted windows radiate heat.

Canadians have it easy
Windows sold in Canada have an 

energy rating (E.R.) that makes it 

easy to evaluate the trade-offs in 

heating-dominated climates. By 

weighing the amount of solar-heat 

gain against interior-heat loss 

through the window and heat loss 

through air leakage, the E.R. indi-

cates whether a window is a net 

source of energy (positive E.R. 

value), energy neutral (E.R. equals 

0), or a net loss of energy (nega-

tive E.R. value). If you live in a 

north or north/central zone in 

the United States or Canada and 

you’re buying a window from a 

Canadian manufacturer, simply 

choose the highest E.R. possible.

SITE SPECIFIC: 
The best approach
Engineers and efficient-house 

House and making conservation a priority, the Department of Energy’s 
Lawrence Berkeley National Laboratory was charged with finding 
ways to conserve energy. Windows were among their targets. The insu-
lating windows of that era allowed an inordinate amount of heat to 
escape. The lab’s scientists concluded that by using existing technolo-
gies to deposit a virtually invisible metal or metal-oxide coating on the 
glass, insulating windows could be dramatically more efficient. This 
coating is transparent to visible light, but blocks long- and short-wave 
radiation by reflecting it. Known as a low-e (for low-emissivity) coating, 
it’s common today even on low-cost windows.

Depending on the nature of this thin coating and which window 
surface it is applied to, the coating can reflect heat back into the 
room to conserve it or filter sunlight to keep heat out. Using a coat-

low U-factor, low-SHGC windows 

in cold northern regions of the 

United States means homeowners 

who think they are buying energy-

efficient windows are actually pay-

ing more in heating costs and add-

ing more carbon emissions to the 

atmosphere than if they had pur-

chased windows that accounted 

for passive solar-heating opportuni-

ties. (For some sites, a very low 

U-factor, such as the Duluth, Minn., 

example, is the best option.) 

The Department of Energy is re-

portedly reevaluating the standard.

While insulating properties may 

not seem as important in the South 

where Energy Star thresholds are 

Had enough of the technical 

stuff? Visit FineHomebuilding
.com/extras for design advice.

The role of low-e

1. Reflects short-wave 
radiation to reduce 
heat gain.

2. Filters UV-rays 
that cause fading.

3. Tinted coatings, 
not low-e, temper 
visible light.

4. Reflects long-wave 
radiation to reduce 
heat loss.

1

2

3

4

www.finehomebuilding.com SPRING/SUMMER 2009 79

COPYRIGHT 2009 by The Taunton Press, Inc. Copying and distribution of this article is not permitted.



WINDOW ST YLES

SOURCES There are hundreds of win-
dow manufacturers, the majority of them 
local companies. A sample of large national 
and smaller specialty manufacturers is listed 
here. Visit www.efficientwindows.org for a 
more comprehensive list. 

Accurate Dorwin, www.accuratedorwin.com • Andersen, www.andersenwindows.com                                         • Integrity, www.integritywindows.com• Jeld-Wen, www.jeld-wen.com 

Loewen, www.loewen.com • Marvin, www.marvin.com • Milgard, www.milgard.com                                            • Pella, www.pella.com • Quantum, www.quantumwindows.com 

Serious Windows, www.seriouswindows.com • ThermoTech, www.thermotechfiberglass.com                             • Weather Shield, www.weathershield.com

A double-pane IG with two low-e coatings can achieve an SHGC 
of 0.33 (glass-only value). As the SHGC is minimized, the U-factor 
declines, which has implications for selecting windows in climates 
with heating and cooling seasons (see “Choosing energy-saving win-
dows,” pp. 78-79).

Films create super windows
Another way to control the flow of heat through a window is with 
suspended films. These films come in two varieties: high solar gain 
and low solar gain. 

Because these films (similar to mylar) are so lightweight and 
thin, as many as three films can be suspended between two glass 
panes. The additional insulating spaces increase the insulating 
ability of the window, replicating the performance of three-, four, 
or five-pane windows without the weight. Serious Windows 
uses this approach to create high-performance windows with both 
high and low solar-gain properties. The company’s premium fixed 
window has an insulating value of R-11.1 (U-factor 0.09), nearly 
rivaling many wall insulations. The operable version of the window 
is R-7.1 (U-factor 0.14). Considering that the average insulating 
window is the equivalent of R-1 to R-3, Serious Windows live up to 
their name. 

Let the light shine in
Solar gain and insulating values aren’t the only ways that windows 
save energy and keep you comfortable. Windows also control the 
view and the amount of natural light. 

Daylighting, or window-placement strategies to maximize natu-
ral light, save money by reducing the need for electric lighting. 
Although placement is a design issue, window styles and glass properties 
affect the amount of light infiltration. The visible transmittance (VT) 
rating on the National Fenestration Rating Council’s (NFRC) label 
(see p. 77) allows you to compare the amount of light that passes 
through windows, taking into account the light blocked by frames 
and grilles.

Impact-resistant glass offers protection
Although they don’t affect a window’s energy performance, a handful 
of options can make you safer.

Tempered glass, for example, can be specified for windows located 
where someone could potentially fall into one. Many of these loca-
tions are covered by code and include windows within 18 in. of the 
floor, next to doors, in showers or bath areas, and along decks, patios, 
and walkways. 

If you live in a coastal area—particularly along the Atlantic and 
Gulf coasts, where building codes demand protection during hurri-
canes—or in a tornado-prone area, you can specify impact-resistant 
glass. Using the same technology as car windshields, a plastic sheet is 
laminated between two pieces of glass so that the window maintains 
its integrity after the glass is broken. 

Window frames can also be reinforced to withstand impact. 
Available in three different strengths (impact zones 2, 3, and 4), the 
toughest windows in impact zone 4 must withstand strikes from at 
least two 8-ft.-long 2x4s traveling at 50 ft. per second, followed by 

DOUBLE-HUNG Traditional window 
composed of two sashes that slide 
vertically. A single-hung window looks 
identical, but the top sash is fixed.
Pros: Available with a wide variety 
of grille patterns to match different 
architectural styles. Sashes usually tilt in 
for easy cleaning of the exterior. 

Cons: Sashes rely on 
draftier sliding-style 
weatherstripping. The 
bottom edge of the 
upper sash is exposed 
to outdoor temperatures 
on two faces, increasing 
surface area for thermal 
bridging. Two sashes 
increase spacer area, 
increasing U-factor. Less 
than half the window 
area can be open for 
ventilation.

AWNING Top-hinged 
window that usually 
opens outward with a 
crank.
Pros: Good-sealing 
compression-style 
weatherstripping. Single 
glass unit and recessed 
sash improve U-factor. 
Provides ventilation while 
it’s raining. Often used 
above and/or below 
large fixed windows for 
ventilation and additional 
daylight.
Cons: Screen on inside 
of window. Open window 
can present a hazard if 
installed along a walk-
way, deck, patio, or porch. 

CASEMENT Side-hinged 
window that usually opens 
outward with a crank. In-
swing versions are available.
Pros: Compression-style 
weatherstripping. Single 
large glass unit and recessed 
sash improve 
U-factor. Largest 
ventilation area 
of any window 
style. Opening 
can be oriented 
to “scoop” 
prevailing 
breeze.
Cons: Screen 
on inside of 
window. Hinge 
design might not 
allow outside of 
window to be 
cleaned from inside. Open 
window can present a hazard 
if installed along a walkway, 
deck, patio, or porch. 

TILT-AND-TURN Dual-action 
window that can swing in 
like a door or tilt from the 
bottom like a hopper window 
for ventilation.
Pros: Ventilation options. 
Secure multipoint 
locking. Compression 
weatherstripping. Large 
egress area and easy 
cleaning.
Cons: Shades and 
drapes can interfere 
with operation.

FINE HOMEBUILDING80 Photos above, from left: Courtesy of Marvin, except where noted; courtesy of Eagle (fixed); courtesy of Simonton (hopper). 
Facing page: Joseph Kugielsky (bottom right); Randy O’Rourke (top right). 
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HOPPER Tilt-in 
bottom-hinged 
window.
Pros: 
Compression-
style 
weatherstripping. 
Single glass unit 
and recessed 
sash improve 
U-factor. 
Cons: Hazardous 
if installed at 
head height or 
lower.

FIXED An inopera-
tive window available 
in shapes that match 
operable windows, 
or as accent windows 
such as half-rounds 
to create Palladian 
windows and 
octagons.
Pros: Improved 
airtightness. 
Can be made in 
nonstandard, custom 
shapes.
Cons: Doesn’t satisfy 
egress requirements.

HOPPERHOPPERHOPPER Tilt-in  Tilt-in 

Accurate Dorwin, www.accuratedorwin.com • Andersen, www.andersenwindows.com                                         • Integrity, www.integritywindows.com• Jeld-Wen, www.jeld-wen.com 

Loewen, www.loewen.com • Marvin, www.marvin.com • Milgard, www.milgard.com                                            • Pella, www.pella.com • Quantum, www.quantumwindows.com 

Serious Windows, www.seriouswindows.com • ThermoTech, www.thermotechfiberglass.com                             • Weather Shield, www.weathershield.com

You have three choices 
for replacing existing 
windows: a sash-only 
replacement; an insert-
style frame and sash 
replacement window; or a 
new-construction window. 

If the existing frames 
have water damage, the 
only choice is a new-
construction window 
(photos, p. 74). 

If you’re looking to 
improve comfort or energy 
performance, replacing the 
sashes or using a frame 
insert can help. They’re 
a good choice on older 
homes where you want to 
preserve period trim, but 
from an energy and com-
fort standpoint, they’re 
not the best option.

Replacement windows 
that leave the existing 
frame in place don’t stop 
air leakage. If you’ve ever 
pulled out an old window, 

then you’ve seen fiber-
glass insulation stuffed 
between the window and 
the rough opening. Typi-
cally, the insulation is 
dirty. It wasn’t dirty when 
it was put there; dirt was 
filtered out of the air mov-
ing through and around 
the window frame. 

Another negative is that 
insert-style frame and sash 
replacement windows 
reduce the glass area 
because the unit fits inside 

the existing frame. You 
might be willing to live 
with diminished views, but 
are you willing to pay for 
that privilege every year? 
In a southern climate, the 
reduced glass area does 
not affect heating bills, 
but in northern heating cli-
mates, reducing the south-
facing glass area gives 
away a lot of free heat.

An insert-style frame and 
sash replacement window 
is generally a bit pricier 
than a new-construction 
window. Installation costs 
are lower, however, because 
it leaves the existing trim 
in place and doesn’t 
require any siding removal. 

Regardless of the type 
you choose, replacement 
windows are expensive. 
If you’re trying to save on 
energy expenses, new 
windows shouldn’t be 
considered until you 
have improved the 
insulation and the air-
tightness of the rest of 
the building envelope.

R eplacement  windows
Choosing

9000 cycles of negative and positive pressure simulating hurricane-
force winds.

Windows that keep the world at bay
Manufacturers also offer variations of pebbled, frosted, and wavy glass 
that add privacy to bathrooms, bedrooms, and other sensitive spaces. 

If you live near a busy road, near train tracks, or under a flight path, 
acoustic windows can take the edge off loud or constant noise. Even if 
they don’t readily advertise the fact, many window companies sell sound-
attenuating windows. Residential “quiet” windows are likely to be rated 
with a sound transmission coefficient (STC). A typical double-pane win-
dow has an STC of 25 to 27. Every increase of 10 in the STC cuts the 
amount of sound transmitted by half. Companies such as Milgard, Atrium, 
Marvin, and Serious Windows have windows in the 40 to 47 STC range. 

Self-cleaning windows reduce maintenance demands
For those of you who say, “I don’t do windows,” technology has finally 
caught up with your sentiment. Several big glass companies market coated 
glass that resists the buildup of dirt. Product names include Neat Glass by 
Cardinal, Activ by Pilkington, and PPG’s SunClear.

By making the glass smoother and hydrophilic, rainwater collects in 
sheets on the surface and slides off the glass quickly, cleaning the window. 
Some windows include a titanium-dioxide layer that reacts with UV-light 
to help organic materials decompose, so dirt washes away more easily. □

Former Fine Homebuilding editor Sean Groom is a freelance writer 
in Bloomfield, Conn. Photos by Rodney Diaz, except where noted.

HORIZONTAL 
SLIDER The two 
sashes slide past one 
another on tracks like 
a sliding patio door.
Pros: Can be easier 
to open than other 
sliding styles, 
especially when 
placed over a counter.
Cons: Sliding 
weatherstripping and 
greater sash area 
lower U-factor and 
airtightness ratings.

egress requirements.egress requirements.egress requirements.egress requirements.egress requirements.

Sash-only 
replacement

Insert-style replacement 
fits inside an existing new-
construction window.
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