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PHYSICS OF GLAZINGS
To discuss these aspects of window performance, 
and the parameters used to measure them, let’s start 
with the source of all light and heat (Figure 1). The 
sun emits a spectrum of electromagnetic radiation 
comprising a wide range of wavelengths (Figure 
2). These wavelengths are measured in nanometers 
(nm), or billionths of meters. If we graph the full 
range of wavelengths that are emitted from the sun, 
and that appear to an observer in the International 
Space Station above the atmosphere, we would ob-
tain the upper curve in Figure 2. As the sunlight 
passes through the atmosphere, some of the energy 
is absorbed and the energy that reaches the earth’s 
surface is shown by the middle curve in Figure 2.

This curve comprises high-energy ultraviolet 
light, which has very short wavelengths, visible light 
(electromagnetic radiation in the range of 300–700 
nm, which is what our eye recognizes), and long-
wave infra-red radiation, which we sense as heat en-
ergy in the longer wavelengths.

WINDOW PERFORMANCE PARAMETERS
For daylighting, you want windows to transmit as 
much visible light as possible. The property that 
characterizes this performance is visible transmit-
tance (VT or τv), a decimal quantity (i.e., between 
0.0 and 1.0), representing the fraction of visible 
light incident on the outer surface of the glass that 
is transmitted into the building. Ideally, visible 
transmittance should be as high as possible, but all 
materials reduce light transmission. Even a single 
layer of “clear” glass has a visible transmittance of 
approximately 0.90, and a double-glazed window is 
approximately 0.81.

To provide linkage between the occupants and 
the outdoor environment, you would like the vis-
ible light to be transmitted with the truest possible 
color rendition, so that the outside view looks like it 
should, and interior colors take on their proper hues 
in natural light. This is actually built into the way in 
which VT is determined. In the NFRC 200 standard 
that defi nes VT, specifi c values are measured at each 

INTRODUCTION TO GREEN WINDOW DESIGN 
AND PERFORMANCE
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INTRODUCTION
Green building design can be a complex process, and windows are an important part of that process. A wide range 
of performance parameters can make selecting the right options diffi cult, and some parameters provide confl icting 
performance trade-offs. Good information about how to design green windows is not readily available, as most people 
look through windows, but not many people look at them. Designed correctly, windows can greatly enhance the oc-
cupants’ enjoyment of the space and enhance the energy performance of the entire building. Designed incorrectly, 
windows can be a source of irreparable failing of the building to meet the occupants’ requirements for comfort, energy 
effi ciency, and long-term durability of the building envelope.

This article discusses the physics behind window performance, describes some of the design parameters, and ex-
plains how to determine whether you can get the performance you want on site. This is not meant to be an exhaus-
tive reference on the subject, as that would require several books. Rather, the intent is to provide an overview of the 
physical behavior of window components, so that appropriate design choices are based on sound knowledge and not 
guesswork. This article also provides some fl uency with window-performance terminology for use in discussing design 
options with specialists.
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wavelength of light and combined into a weighted 
average value. The weighting of individual values (to 
develop the average VT) is based on the visual re-
sponse of the human eye, as defi ned by a “Standard” 
observer, so it favors the blue-green part of the spec-
trum. Thus, the single averaged value is generated in 
a way that represents true color rendition.

The solar heat gain coeffi cient, or SHGC, is an-
other decimal quantity (i.e., between 0.0 and 1.0) 
representing the fraction of sunlight incident on the 
outer surface of the glass that is transmitted into 
the building. A high SHGC will provide free solar 
energy to a building to reduce the need for heating 
load, whereas a low SHGC will reduce solar gains 
in a building that already has a high cooling load. 
Designers used to rely on a related quantity called 
the shading coeffi cient (SC), which is the SHGC of 
a window relative to the SHGC of a single layer of 
glass. Eventually, researchers and designers decided 
to take the single layer of reference glass out of the 
picture and just use the SHGC (not many designers 
use single glazing any more).

The U-factor or U-value is the heat loss coeffi -
cient, which represents a rate of heat transfer per 
unit area, per degree of temperature difference. 
Units are Watts per square metre per Celsius degree, 
or BTU per hour per square foot, per Fahrenheit de-
gree, depending on the favorite system of units. U-
factor is the inverse of R-value (U = 1 ÷ R), so higher 
U-factor implies a lower R-value (i.e., less resistance) 
and therefore higher heat transfer. Heat transfer 
happens by conduction (in solid materials), convec-
tion (via movement of a heated or cooled liquid or 

gas coming into contact with a surface), and radia-
tion (radiant energy transfer between surfaces 
through a gas or vacuum). The path to high-perfor-
mance windows lies in reducing these three modes 
of heat transfer. 

Higher U (or lower R) means higher heat loss, 
which means auxiliary heat (what we pay for, with 
its associated greenhouse gas and carbon costs) is re-
quired to maintain the room air temperature within 
a comfort zone for the occupants. But there is a sec-
ondary effect: higher heat loss means that the room-
side surface of the window is colder during winter 
conditions. This can cause condensation-related 
problems, as the water vapor in the room air con-
denses on the colder surfaces. This is an important 
consideration: condensation is bad because the water 
that condenses out of the room-side air can ruin in-
terior fi nishes, support mold growth (which may af-
fect immuno-compromised or allergic occupants), 
and generally impair indoor air quality.

If that were not enough, there is a tertiary effect 
of cold windows. The cold window surface impairs 
occupant thermal comfort, and it does that in three 
ways:

• First, the air next to the cold window is cooled 
via conduction. As the air is cooled, it becomes 

FIGURE 2. Solar and visible spectrum.FIGURE 1. Source of solar gains and visible light.
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denser as it falls down the surface of the glass, 
and getting cooled more as it travels along the 
colder surface. By the time it gets to the bottom 
of the window, the air can have achieved an ap-
preciable velocity, so that anyone sitting next to 
the window would feel the air movement and in-
terpret it as a drafty window. And they would be 
right; the window does not need to be open, or to 
allow air to leak into the room for a draft to have 
occurred in this way. The phenomenon is called 
induced draft, and the result is that the occupants 
feel cold—so they will go turn up the thermostat, 
as long as they have the ability to do so.

• Second, the cooled window presents a cold sur-
face to the room. The occupants of the room 
(most of whom should be considered warm-
blooded mammals) are all radiating energy at a 
rate characteristic of their surface temperature, 
which is typically around 22°C. The cold win-
dow surface will result in a higher radiant ex-
change between the occupants and the window, 
which the occupants (most of whom should be 
considered sentient beings) will interpret as a 
chill—so they will go turn up the thermostat, as 
long as they have the ability to do so.

• Third, the geometry of most rooms is such 
that windows are predominantly on one wall, 
so the radiant loss to the cold window surface 
is not balanced by radiant losses to other simi-
lar surfaces. The occupants will interpret this 
asymmetric radiant heat loss as another type of 
thermal discomfort—so they will go turn up 
the thermostat, as long as they have the ability 
to do so.

The effect on thermal comfort related to cold 
windows, as noted above, is the main reason that 
heating systems often deliver heat to the rooms 
(using registers for forced-air systems, or radiators in 
hydronic systems) below the windows. In this way, 
warm air rises from the register to meet the cool air 
falling off the window. The air streams mix, and 
tempered air is delivered to the room. This mixing 
also helps to reduce the potential for condensation 
to form at the bottom of the window.

Research has been done to suggest that high-
performance windows, and their resulting warmer 
window temperatures, would allow designers to 

move the heat-delivery devices away from the ex-
terior walls. This would keep more of the heat in 
the room, thus increasing the overall effi cacy of the 
system, and would reduce the amount of piping or 
ductwork. Apart from reducing construction costs, 
less piping or ducting means less likelihood of leaks, 
lower maintenance costs, and a greener design.

WINDOW DESIGN OPTIONS
Now that we know about U-factors and their units, 
and we know about SHGC and visible transmittance 
(which have no units), and the various modes of heat 
transfer and what they mean to occupant comfort, 
we have some of the tools to examine window op-
tions and how they affect window performance.

Reducing conductive heat transfer in the solid 
components comprising the frame of a window or 
curtain-wall assembly is done by using materials 
with lower thermal conductivity (e.g., vinyl or wood 
window frames instead of metal) or by reducing 
the surface area through which the conductive heat 
transfer occurs. Wood or vinyl windows are typical 
alternatives for metal-framed windows in residential 
design, especially single-family or low-rise multi-
family dwellings.

All of the materials used for framing have advan-
tages and disadvantages, when viewed from a green 
perspective. Aluminum has a very high embodied en-
ergy: the cost of mining, smelting, and extruding 
make this an energy-intensive material. On the other 
hand, it is easy to recycle and has a very high strength/
weight ratio, so less material is needed to achieve a 
desired structural capacity. Vinyl is somewhat less 
energy-intensive, but it is derived from a petroleum 
base, so vinyl-framed windows are not exactly carbon-
neutral. On the other hand, vinyl produces a reason-
ably well-insulating frame, as it encapsulates air cavi-
ties, and so can provide lower long-term energy 
consumption (and operating costs). Also, vinyl frames 
are very easy to recycle, although they typically require 
virgin material at manufacture, because any recycled-
material content would make it diffi cult to produce 
the characteristic white frame. Pultruded fiberglass 
frames are also very energy-effi cient, but cannot be re-
cycled and contain petroleum-based polymers in the 
resin matrix.

Wood framing is a clear winner as a green mate-
rial. The embodied energy is relatively low (mostly 
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the cost of transportation, although the finishing 
work involves milling, which is moderately energy-
intensive (although obviously not as much as, say, 
aluminum). Wood represents locked-in carbon, 
and as long as the window and its installation are 
properly designed to prevent decay, the carbon can 
stay locked in for a long time—on the order of 100 
years, with proper maintenance. On the other hand, 
wood is not a suitable material for high-rise or non-
residential applications where structural loads can 
be signifi cant and non-combustible construction is 
required by building codes. 

If structural, f ire-safety, or aesthetic consider-
ations dictate that the window frame must be metal, 
we can still replace part of the metal with a low-
conductivity material such as nylon, urethane, or 
vinyl; this interruption in the conductive metal 
frame is called a thermal break. The more metal 
(that is, metal that forms part of the conductive 
path) that is replaced by low-conductivity material, 
the better the thermal performance of the framing 

system. A common curtain-wall assembly features a 
simple thermal break, formed by the vinyl gasket be-
tween the body of the frame and the pressure plate 
that holds the glazing in place (Figure 3). This gas-
ket is only 3 mm thick, and so does not displace very 
much metal. An improvement on this design is the 
“pour-and-debridge” thermal break (Figure 4), so-
called because liquid urethane is poured into a 
pocket in the metal frame, then the urethane is al-
lowed to cure, and then the back of the metal pocket 
is milled out, or debridged. This replaces more of the 
metal (typically 6–8 mm) than is the case for the 
simple vinyl-gasket design. Even better is the “dog-
bone” thermal break, a separate nylon or vinyl com-
ponent that can be 25, 50, or even 75 mm long.

It might appear that we are chasing small details 
in this discussion of thermal breaks, but consider 
this: the frame of a typical curtain-wall assembly 
comprises only about 10–15% of the total area, 
but accounts for 50% of the heat loss through the 
assembly. 

Reducing conductive heat transfer in the edge-
of-glass region of the window involves replacing the 
metal in a typical spacer—the device that keeps the 
layers of glass separated—with a lower-conductivity 
material such as silicone foam, vinyl, or butyl (see 
Figure 5).

These so-called warm-edge spacers slightly reduce 
the overall heat loss of the window assembly. In other 

FIGURE 3. Simple thermal break.

FIGURE 4. Pour-and-debridge thermal break.
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words, they reduce the total-window U-factor, but 
not by much, because the spacer comprises a small 
percentage of the total area of the assembly. They do 
a good job of reducing the local heat transfer in that 
small area, however, so the local surface temperature 
at the edge of the glazing is warmer in windows with 
warm-edge spacers, so that the potential for conden-
sation at this location is reduced.

Other warm-edge spacers designs insert a ther-
mal break between metal components or increase 
the conductive path length, but all are attempting 
the same trick: reducing conductive heat loss around 
the perimeter of the glazed area of a window.

Reducing conductive heat loss in the glazed area 
is typically done by replacing the air in the glazing 
cavity (i.e., between the layers of glass) with a low-
conductivity gas such as argon or krypton. This also 
reduces convective heat loss, as these gases are more 
viscous than air. 

The use of argon-gas f ill is debated in some 
circles: it is a low-conductivity gas, and it does re-
duce conductive and convective heat loss, but there 
is some concern that the argon molecules can more 

easily leak out of the sealed unit (because argon 
molecules are smaller than nitrogen or oxygen, the 
principal constituents of air). Over time, the argon 
concentration in a sealed unit can be depleted to 
the point that it is no longer providing its intended 
function. 

As fi ll gases are invisible, it is diffi cult to know 
when the argon has leaked out of the assembly. Typi-
cal estimates are from 5 to 7 years for an appreciable 
concentration of argon, but not enough research has 
been done to verify this estimate.

It is possible that the argon might not leak out 
of a particular sealed unit for quite some time (and 
maybe not at all), so that the presence of the gas can 
help save energy for several years. Eventually one 
should expect that the sealed unit will fail—the seal 
is only warranted for 10 years—which will result in 
loss of the inert-gas fi ll, so the increased cost of the 
gas-fi ll option should be weighed against the energy 
savings over the expected service life of the sealed 
unit. When considering the overall green benefi ts of 
an inert-gas fi ll, one should also factor in the signifi -
cant amount of energy required to separate the fi ll 
gas out of air in the fi rst place. The life-cycle cost of 
this measure should be weighed against the energy 
savings for the specifi c application, as a result of re-
duced conductive and convective heat loss.

Convective heat transfer is also used to benefi cial 
effect. As Figure 3 shows, the surface area on the 
interior of a typical curtain-wall assembly is much 
larger than the surface area on the exterior. This is in-
tentional: the increased exposure on the interior will 
increase convective heat transfer between the warmer 
room air and the metal surface, while the reduced 
area on the exterior controls the amount of heat loss 
from the assembly to the exterior. This allows the 
room-side air to warm the curtain-wall assembly, 
and reduces the potential for condensation to form. 
The penalty is increased heat loss at the curtain-wall 
frame, but the chance to reduce condensation in a 
passive way (i.e., without adding auxiliary heating) is 
generally considered to be worth that price.

GLAZING SELECTION
The main factor defi ning the energy performance of 
a window or curtain wall assembly is, of course, the 
selection of the glazing. The glazing affects radiant 
heat transfer, and therefore defi nes the SHGC and 

FIGURE 5. Various types of edge-glass spacers.
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VT of the assembly, and has a dominant effect on 
the U-factor as well. Let’s look at how that works, as 
illustrated in Figures 6 and 7.

First, energy from the sun strikes the outer layer 
of glass at surface #1 (surfaces are always numbered 
from the outside inward). Depending on the solar-
optical properties of the outer layer of glass, some 
percentage of that energy is refl ected off the outer 
surface, and the rest is transmitted inward. Some 
of this energy is absorbed in the outer layer of glass 
(more, if the glass is specifi cally formulated to be 
heat-absorbing), but most of the energy is transmit-
ted inward. This inward-f lowing energy next en-
counters surface #2 (the inner surface of the outer 
layer of glass).

Once again, some of the energy crossing this sur-
face is refl ected back (this time, back into the glass), 
and the rest is transmitted into the glazing cavity. 
The gas in the cavity is typically not dense enough 
to absorb an appreciable amount of energy, so all the 
energy that leaves surface #2 arrives at surface #3, 
the outer surface of the inner layer of glass (let’s just 
assume a double-glazed window for now, to keep the 
explanation simpler, but the principle would hold 
true for multiple glazings). The same interplay of re-
fl ection and transmission occurs, resulting in some 
fraction of the radiation that was incident on the ex-
terior surface being transmitted to the interior space; 
this fraction, expressed as a decimal, is the SHGC. 
The SHGC of a clear single glazing is approximately 

0.86, while that of a clear double glazing is approxi-
mately 0.76 and a clear triple glazing is 0.69.

The amount of solar energy that does wind up 
in the interior space can therefore be computed by 
multiplying the solar energy on the outer surface 
by the SHGC of the glazing, if this parameter is 
known. That energy is absorbed by the surfaces in 
the interior space, raising their temperature accord-
ing to their surface properties and thermal mass. 
These surfaces will then re-radiate energy, at a lon-
ger wavelength and greatly reduced intensity. A por-
tion of the re-radiated energy will reach the surface 
of the window; again, some of this energy will be re-
refl ected into the room, but some will be transmit-
ted outward, and the radiant heat-transfer process 
proceeds as described above, except that it occurs in 
the longwave part of the spectrum and in the out-
ward direction.

So that’s how radiant heat transfer works in the 
context of window performance. How, then, do we 
use this knowledge to reduce heat transfer? 

The answer is different depending on the type 
of building and the predominant loads expected in 
each case. Non-residential buildings tend to have 
large internal heat sources such as lights and offi ce 
equipment, meaning they are dominated by cooling 
loads. It would be better in these cases to select glass 
that will reduce the amount of solar energy trans-
mitted into the building, so one would select a glaz-
ing with a low SHGC. The best candidates would 

FIGURE 6. Radiant transfer in outer glazing (#1). FIGURE 7. Radiant transfer in inner glazing (#2).
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be refl ective or tinted glass. The SHGC of refl ective 
double glazing is typically 0.15–0.20, whereas dou-
ble glazing with a tinted exterior lite would be more 
in the range of SHGC = 0.40–0.60, depending on 
the depth of the tint.

Ref lective glass has a layer of metal or metal-
oxide ions embedded in the outer layer and, as the 
name implies, refl ects more of the incident energy 
back outside before it can contribute to the overheat-
ing of the building. Typical colors are silver, gold, 
copper, and bronze, as these refl ect (pun intended) 
the metals used to develop the refl ective property. 
Such properties can also be used to achieve a dra-
matic building façade. Figure 8 shows a bank tower 
that uses refl ective gold glass to achieve a literal and 
metaphorical tower of gold, besides reducing the 
cooling load on the building.

Tinted glass can be achieved by mixing pig-
ment into the glass, or by placing a refl ective layer 
on surface #2. Both options will result in more en-
ergy being absorbed in the glass, which may lead 

to breakage if the glass is not tempered or heat-
strengthened. As with any glass where breakage is a 
concern, more attention needs to be paid to the edge 
cuts on the glass. Nicks and notches at the edge of 
glass, formed when cutters are dull or used improp-
erly, will produce stress concentrations where cracks 
will initiate and propagate.

Glass with a lower SHGC (typical values can 
range from 0.20 to 0.60) will prevent overheating in 
the occupant space, but will also tend to have greatly 
reduced visible transmittance. While the exterior view 
is not necessarily as important in a non-residential 
building, daylighting is an important source of light 
in new green designs. Therefore, some trade-off is re-
quired, as increasing the visible transmittance also in-
creases SHGC. Daylighting can reduce internal heat 
sources by reducing the need for artifi cial lighting, 
depending on the availability of natural light. So part 
of the trade-off in non-residential window design in-
volves determining whether the increase in visible 
transmittance (and consequent reduction in cooling 
load due to artifi cial lighting) can balance the increase 
in SHGC (which will therefore increase cooling load 
due to solar gains). Computer-based whole-building 
energy models are the best way to examine these 
trade-offs, because the answer depends on a variety of 
factors including: building confi guration and orienta-
tion, the amount of thermal mass (both inside the 

FIGURE 8. Example of refl ective glass.

FIGURE 9. Radiant transfer in inner glazing (#2).
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building and as part of the envelope), operating 
schedules, type of heating and cooling systems used, 
and building usage).

Residential buildings in southern climates (e.g., 
Miami or southern California) typically require 
cooling as well, but in this case the view is usu-
ally more important than in non-residential build-
ings. Therefore, the ideal glazing would have a low 
SHGC but a high VT, and good color rendition 
(which is typically a feature of higher VT). For this 
application, you need a spectrally selective glazing, 
which uses a combination of metallic oxide coatings 
to shape the transmissive properties of the glazing. 
A wide range of options are available, but generally 
the design intent is to meet the requirements of low 
SHGC and high VT.

Residential buildings in northern climates (such 
as Minneapolis or Toronto) are easier to deal with in 
design. Generally speaking, the heating load domi-
nates the energy profi le of the building for most of 
the year, even though the occupants might wish for 
more cooling for one or two weeks in August. The 
glazing option that best complements this load pro-
file admits the most solar gain while minimizing 
heat loss. As we have seen by looking at the glazing 
physics, low-emissivity coatings provide the required 
performance.

LOW-EMISSIVITY COATING OPTIONS
In fact, there are two kinds of low-emissivity coat-
ings. Sputter coats, or low-emissivity coatings devel-
oped by vapor deposition, are produced by the bom-
bardment of metal or metal-oxide atoms on fi nished 
glass product (i.e., after the fl oat-glass process). The 
specifi c metal used determines the solar-optical prop-
erties, but most sputter coats actually have several 
layers of oxide coatings. Sputter coats can be applied 
to any glass substrate, including tempered or lami-
nated glass. In fact, a sputter-coated low-emissivity 
coating on tempered glass traditionally had to be 
tempered before the sputter-coat application. Newer 
sputter-coat low-emissivity coatings are being devel-
oped to be post-temperable.

When sputter-coat low-emissivity coatings are 
used in a sealed glazing unit, the coating must fi rst 
be removed so that the spacer assembly can bond to 
the glazing (it would not provide a durable seal for the 
spacer assembly to adhere to the low-emissivity coat-

ing, as the coating is not that strongly bonded to the 
glass). This process of removing the low-emissivity 
coating around the perimeter of the glazing is called 
“edge deletion.”

Sputter coats are also called “soft coats,” and are 
not as durable as pyrolitic coating (see below). The 
fi rst generation of soft coats featured emissivities in the 
range of 0.35–0.4, but second- and third-generation 
soft coats are much lower. Typical products include 
AFG Comfort Ti™ (ε = 0.03–0.04), PPG Solarban 
60 (ε = 0.035) and PPG Sungate 100 (ε = 0.09), and 
Cardinal Lo-e2 (ε = 0.04) or Lo-e3 (ε = 0.05). With 
emissivities this low, the U-factors of soft-coat glazings 
are quite low, but the SHGC is also low. While these 
products are good choices, if the desire is exclusively to 
maximize thermal resistance (i.e., low U-factor), they 
do not provide the best choice for passive-solar design, 
because they tend to block more solar gain. The 
SHGC for a double glazing with soft-coat low-e on 
surface #2 is approximately 0.42, whereas that of a 
hard-coat on surface #2 is 0.65. Interestingly, a hard-
coat low-e on surface #3 has an SHGC of 0.71 (higher 
than the SHGC for the same coating on surface #2, 
because the latter refl ects more of the sunlight before it 
reaches the room).

Pyrolitic coatings are layers of metallic oxides 
applied to the molten glass during the f loat-glass 
production process. As this produces a durable coat-
ing that is actually part of the glass, pyrolitics are 
commonly called “hard coats.” The fi rst generation 
of hard coats produced emissivities in the range of 
0.60, but second-generation pyrolitics have much 
lower emissivities, with consequent reduction in 
radiative heat loss. Typical products include AFG 
Comfort E2™ (ε = 0.20) and Stopsol™, Pilking-
ton Energy Advantage (ε = 0.16), and PPG Sungate 
500 (ε = 0.21).

Pyrolitic coatings are more durable during assem-
bly and storage, and can be heat-treated and laminated 
after the glass is produced. Also, there is no need for 
edge deletion with hard coats, as the low-emissivity 
coating is actually part of the glass, so the bond be-
tween the spacer and the coating is quite strong.

SOURCES OF DESIGN VALUES
Understanding what affects window performance is 
vital to producing good designs, but you need data 
to evaluate the performance of the window in the 
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context of the overall building envelope. Values for 
VT are required for input to daylighting designs, and 
SHGC and U-factor data help to defi ne the heating 
and cooling loads for the mechanical systems. Un-
fortunately, there is no single “correct” answer, as we 
have already noted—each situation requires a differ-
ent solution, and will result in a different selection 
of glass options that produce characteristic values of 
VT, SHGC, and U-factor. The question is: where 
can we get these values?

The ASHR AE Handbook of Fundamentals 
contains a chapter on fenestration, with values for 
SHGC, VT, and U-factor for a range of typical win-
dow framing systems and glazing options. These 
were developed to provide representative values for 
fenestration products at standard sizes, and are a 
good fi rst approximation for rough design. More ac-
curate values should be used as the design becomes 
more refined. Many individual window products 
have been rated in accordance with national stan-
dards (e.g., NFRC 100 for U-factor, NFRC 500 
for SHGC), but these are often only for residential 
applications. Also, these products are rated at stan-
dard sizes, and SHGC, VT, and U are all affected 
by size. If the fenestration panels in your appli-
cation are within 10% of the size of the standard 
products, the standardized performance parameters 
will be a reasonable approximation. Otherwise, you 
should determine a size-specifi c value for your case. 
The ASHRAE Handbook of Fundamentals or the 
NFRC standards provide guidance in determining 
total-product values at various sizes.

You can also use software designed for this pur-
pose. The WINDOW and THERM programs, de-
veloped at Lawrence Berkeley National Laboratories, 
allow users to compile various layers of glass into 
window framing systems of any description. The 
software will produce total-product values for any 
size when used in accordance with NFRC standards 
and guidelines. If software is not desirable, there are 
NFRC-accredited laboratories that can perform the 
analysis. For a list of these experts, see www.nfrc.org.

FIELD VERIFICATION
So, having designed your green windows, how do 
you make sure you get what you wanted at the con-
struction stage? The diffi culty in determining the 
presence of a gas fi ll or low-emissivity coating is that 

these are generally invisible. There are some options 
for determining the presence of a low-emissivity 
coating in the field, however. Figure 10 shows an 
electronic device that can determine whether a low-
emissivity coating is present on the glass (although 
it does not identify the nature of the coating or its 
emissivity).

Figure 11 shows a low-tech method of verifying 
the presence of a low-emissivity coating in the fi eld. 
With a light source held at an angle to the glass, 
several refl ected images of the light source can be 
observed (one for each glass surface in the assem-
bly, so that Figure 11 illustrates the example of a 
double-glazed window with four glass surfaces). If 
one of the surfaces has a low-e coating, the image 

FIGURE 10. Electronic detection of low-e coating

FIGURE 11. Using a light source to check for low-e
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of the light source refl ected from that surface will 
be redder than the other images. This is because the 
light refl ected from that surface is shifted more to-
ward the red end of the spectrum by the presence of 
a low-emissivity coating. The coating prevents more 
of the radiant energy from being emitted from the 
surface, and refl ects it back toward the light source. 
The fact that the image appears redder means that 
more of what is being refl ected is in the red end of 
the spectrum, because the low-emissivity coating 
operates more in the infra-red range (see Figure 2). 

It is diffi cult to verify the presence of argon gas, as 
it is invisible, tasteless, and odorless. Some research-
ers are attempting to develop fi eld-testing equipment 
that uses a high-voltage discharge to measure argon 
concentration, but it has proven to be diffi cult to 
make a portable and inexpensive tester. One possible 
way to check for the presence (or absence) of fi ll gas 
would be to use an infrared thermometer to mea-
sure the room-side surface temperature at the center 
of the glazing unit. The center-of-glass simulation 
software (i.e., WINDOW or VISION) can be used 
to simulate the window assembly using boundary 
conditions that match the fi eld conditions (warm- 
and cold-side temperatures and an approximation of 
surface fi lm coeffi cients). The fi ll-gas concentration 

can be varied in the software until the predicted sur-
face temperature matches the measured value, which 
should provide a reasonable estimate of the presence 
of fi ll gas. Of course, if you don’t specify fi ll gas, you 
don’t have to check for it.

Poor installation techniques can compromise the 
energy savings of even the highest-performance win-
dows. Proper installation can be verifi ed in situ by 
using a fi eld test for air leakage around the perimeter 
of the window (following ASTM E783), or for water 
leakage in the presence of a simulated wind-driven 
rain (following the ASTM E1105 protocols). These 
tests should be performed by qualifi ed testing agen-
cies. A rigorous maintenance program is also impor-
tant in improving the long-term durability of seals 
and weatherproofi ng components.

CONCLUSION
We have seen how green window design starts with 
an understanding of the basic physical principles 
behind window performance. Proper fi eld review is 
also necessary to ensure that the intended design ac-
tually gets installed. Taken together, these measures 
will result in improved window performance, which 
ultimately improves the thermal comfort of the oc-
cupants and contributes to greener buildings.

JGB_V3N2_a01_mcgowan.indd   12JGB_V3N2_a01_mcgowan.indd   12 6/2/08   12:03:23 PM6/2/08   12:03:23 PM

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


