WINDOWS CHAPTER Introduction

Windows are a significant source of transmission
heat loss in cold climates and a significant source
of solar heat gain in temperate or hot climates.
Windows exist to provide natural light, ventila-
tion, and a view to the outdoors. These functions
make windows a formidable energy problem. The
difficulty is limiting heat loss and gain while pre-
serving natural light and view.

Window energy conservation measures may be
expensive too; retrofit or replacement window
costs commonly range from $5 to $50 per square
foot of window area. Any window upgrade for
energy efficiency must be designed to signifi-
cantly reduce thermal transmittance, reduce solar
transmittance, or reduce both. Air leakage reduc-
tion is usually a secondary benefit producing only
small energy savings, unless the window has large
visible air leaks.

Doors generally have a thermal transmittance
higher than walls, but lower than windows. Their
surface area is small and replacement cost is high,
so door replacement is not usually considered a
cost-effective energy conservation measure.
However, doors can be a significant air leakage
problem due to faulty operation or poor air seals.

This chapter outlines the most important energy
characteristics of windows and doors, identifies
concerns unique to older windows when improv-
ing energy performance, and defines the chal-
lenging terminology associated with window
ratings. Windows and doors are also referred to as
fenestration.

For a discussion of comfort and windows, see
“Fenestration” on page 61.

Window
Characteristics

Windows are composed of the following parts:

¢ Glass Assembly — One or more glass panes
with spacers and gaskets, if needed.

¢ Sash — Frames the glass assembly. Sashes are
either movable for ventilation, or fixed.

¢ Frame — Surrounds the sash and is the win-
dow part attached to the building.

¢ Rough Opening — Structural framing around
the window to which the window frame is
attached.

Energy Characteristics of Typical Window Glass Options

Glazing Assembly

Single glass

Standard insulated glass
High-SHGC, low-e insulated glass
Medium-SHGC, low-e insulated glass
Low-SHGC, low-e insulated glass

Triple glazed 2 low-e insulated coatings

U-factor R-value SHGC VT
1.1 0.9 0.87 0.90
0.50 2.0 0.76 0.81
0.30 3.3 0.74 0.76
0.26 3.8 0.58 0.78
0.29 34 0.35 0.65
0.12 8.3 0.50 0.65
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Understanding state-of-the-art window features
is difficult because heat flow through windows is
complicated, and the terminology is unnecessar-
ily complex. Conduction, convection, and radia-
tion are all important window heat-flow
mechanisms. The high conductivity of glass is tol-
erated because of its other useful and unusual
qualities, including the fact that glass absorbs
most infrared radiation while transmitting most
solar radiation.

Thermal transmittance (U-factor) and solar heat
gain are the most important energy consider-
ations for windows. The window’s air leakage,
optical characteristics, frame material, and type of
glass assembly also enter into window selection.

Radiation, convection, and infiltration from win-
dows reduce indoor comfort. Radiation is more
complex with windows than with other building
components.

Four organizations serve as gate keepers for infor-
mation about window thermal and structural
characteristics. Their roles are briefly explained
here to facilitate further information gathering.

National Fenestration Rating Council (NFRC): A
public/private collaborative agency created to
establish standardized window testing and rating.
The Council simulates window performance with
computers, then verifies that simulation with lab-
oratory testing. NFRC labels are applied to win-
dows made by member manufacturers listing
thermal transmittance (U-factor), solar transmit-
tance, visible transmittance, and air leakage. Con-
densation resistance is also being listed on some
window models.

American Society of Heating, Refrigerating and Air
Conditioning Engineers (ASHRAE): A professional
society providing the theoretical framework for
calculating heat flows through windows.
ASHRAE’s Handbook of the Fundamentals is the
most common technical reference about window
heat flows.

NFRC Window Label

World's Best
Window Co.

Millennium 2000+ Casement

Vinyl-Clad Wood Frame
Double Glaze » Argon Fill « Low E

National Fenestration
Rating Councif

ENERGY Performance

« Energy savings will depend on your specific climate, house and lifestyle

« For more information, call [manufacturer's phone number] or visit NFRC's
web site at www.nfrc.org

Technical Information

Soiar Heat Gain Visible Air
A3 U-Factor 32 Coefficient 45 Transmittance 58 Leakage 3
L] L] [ ] »

45 .60 .3

Manufacturer stipulates that these ratings conform to applicable NFRC procedures for determining
whole product energy performance. NFRC ratings are determined for a fixed set of environmentat
conditions and specific product sizes.

The NFRC label rates U-factor, SHGC, visible transmit-
tance, and air leakage. Manufacturers associated with
NFRC must submit their products for testing.

Lawrence Berkeley Laboratory (LBL): North
America’s most authoritative and prolific window
research facility. LBL excels at computer simula-
tion of window heat flows. LBL researches and
develops new window technologies and distrib-
utes information about windows.

American Society for Testing and Materials
(ASTM): Develops testing methodology for all
types of building systems. Testing methods are
specified by building codes and rating organiza-
tions like the NFRC. Windows are tested under
ASTM standards for air leakage, water leakage,
and structural strength.

The window industry describes and rates its
products by U-factor or thermal transmittance.
The U-factor includes heat transfer by conduc-
tion, convection, and radiation through the win-
dow assembly.

The U-factor is the reciprocal or inverse of R-
value (U=1/R). U-factor is measured in units of
BTUs per square foot per hour per degree Fahr-
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enheit. As U-factor decreases, heat flow
decreases. Lower U-factors are more energy-con-
serving than higher U-factors.

The U-factors of windows are rated using an area-
weighted average of different sections of the win-
dow that have distinctly different U-factors: the
frame, the edge of the glass area (a 2.5-inch band),
and the central area of the glass.

Solar heat gain shares importance with thermal
transmittance as a primary window energy char-
acteristic. Solar heat gain through windows can
account for up to 40% of the total heat removed
by an air conditioner. There are three common
factors used to measure solar heat gain, and you
are likely to encounter any of them. Each of these
factors is a ratio and has no unit of measurement.
Therefore, each factor may be expressed as a deci-
mal number between 0 and 1.0 or as a percentage.

Solar Heat Gain Coefficient (SHGC): The ratio of
solar heat passing through the glass to solar heat
falling on the glass at a 90° angle. Includes radiant
heat transmitted, and also the solar heat absorbed
and re-radiated indoors. Single pane glass has a
SHGC of 0.87.

Shading Coefficient (SC): Compares the solar
transmittance of a glass assembly—with its inte-
rior and exterior shading devices—to that of sin-
gle-pane glass, which has a shading coefficient of
one. The shading coefficient is always less than
one and approximately 1.15 times greater than the
SHGC of the glass assembly being considered.

Generally, buildings in hot, sunny climates should
employ window glass with SHGC of less than
0.50. South-facing windows used for passive solar
heating need a SHGC of 0.70 or more.

U-Factor of Insulated Glass

Center of glass -
-

Phes
5 Edge of glass

The U-factor of an insulated glass window is an area-
weighted average of the window’s center of glass,
edge of glass, and window frame.

Transmittance Spectrum for Glass Types
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Transmittance of radiant energy varies widely with the
type of glass used in a window.
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Heat Gain Through Insulated Glass
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Most incident solar energy streams through the dou-
ble-pane glass assembly, although some is absorbed
and some is reflected. The glass absorbs most longer-
wave infrared radiation from warm outdoor objects.
Absorbed solar heat and heat from hot outdoor air
conducts through the glass, then radiates across the air
space and is absorbed by the second pane. Finally, radi-
ation and convection carry that heat indoors.

Visible transmittance (VT): Measures how much
visible light is admitted by the window glass. Visi-
ble transmittance is important because one of the
window’s main functions is to admit visible light.
Reflective coatings and tints—some of which cut
visible transmittance to 30%—aren’t acceptable in
many residential applications. A window’s ultravi-
olet-blocking ability is important to consumers
concerned about the destructive effect of ultravi-
olet radiation on furnishings.

Each glass type has a solar transmission chart
showing the transmission percentage of solar heat
and visible light. These transmission charts can be
used as a guide for comparison shopping when
selecting a window’s optical characteristics.

See “Radiation” on page 35 for a better under-
standing of radiation.

Window air leakage is usually a less important
energy consideration than thermal transmittance
during the heating season or solar heat gain
during the cooling season. Exceptions to this gen-
eralization include old windows that are falling
apart from neglect, or windows that are poorly
installed and have significant air leakage around
frame edges.

Windows and doors are less an air leakage prob-
lem than most people believe. Most existing
buildings have hidden air leaks in the floor, ceil-
ing, and wall cavities that overshadow the leaks
around windows and doors. In fact, sometimes
you can tightly seal all the window and door
openings with duct tape and plastic without
noticing a significant change in leakiness as mea-
sured by the blower door. In contrast, sealing the
supply and return registers of a warm air heating
system or insulating walls with dense-pack cellu-
lose will often reduce air leakage by 15% to 30%
in older homes.

Residential windows are leak-tested at a pressure
roughly equaling a 25 mile-per-hour (m.p.h.)
wind under controlled laboratory conditions.
This test is known as ASTM E283. The test results
are expressed in cubic feet per minute (CFM) of
air leakage for each linear foot of crack between
the sash and frame of the window. New windows
vary from 0.1 CFM/linear foot (If) to 0.5 CFM/If.
This is a very airtight range of numbers. Window
air leakage is often dominated not by frame/sash
cracks, but by installation flaws between the win-
dow frame and rough opening.
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The NFRC air-leakage rating lists CFM-per-
square-foot of window surface area. This ranges
from about 1.0 all the way down to 0.06. Window
air leakage varies according to the window vent’s
operation. Casement and awning windows have
compression weatherstripping, which is more
effective than the felt weatherstripping of sliding
windows. Therefore, casement and awning win-
dows have lower air leakage rates than sliding
windows.

Window air leakage may help to maintain good
indoor air quality in relatively airtight buildings.
In fact, some manufacturers make windows with
adjustable vents designed to remain permanently
open.

Water condensation on glass leads to the deterio-
ration of the window and the opening surround-
ing the window. Condensation is one of the most
common consumer complaints about windows.
Condensation is mainly a winter problem, which
gets worse as the outdoor temperature drops. The
NFRC now has a window rating of condensation
resistance with a scale of 1 to 100.

Mitigating condensation problems requires rais-
ing the thermal resistance of the window’s inte-
rior surface or reducing the home’s relative
humidity, and may require both. Consumers
sometimes think that condensation is leaking
from the outdoors or is caused by the window’s
age. When the new windows they buy to fix the
problem also sweat, consumers are often disap-
pointed.

The energy specialist should know how much
thermal resistance needs to increase and/or how
much relative humidity needs to decrease in order
to solve a window condensation problem. The
chart shown here plots the outdoor temperature
and relative humidity where condensation will
happen for window R-values from R-1 to R-4 (U
= 1.0 to 0.25).

Window Condensation Chart
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The indoor relative humidity and thermal resistance of
glass determines what outdoor temperature will cause
condensation.

Low-e Insulated Glass Unit (IGU)
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Insulated glass employs a sealed spacer between the
two glass panes. A low-e coating on one pane retards
emission of radiant heat from that pane. In warm cli-
mates, the coating is located on surface #2. In cold cli-
mates, the coating is located on surface #3.
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