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ABSTRACT

New objectives for building envelope performance, coupled with a serious refocusing on
the peak power demands on our utilities (defined primarily by building energy use and time
of use), require a reevaluation of the importance of fenestration performance. This paper will
review the array of window and glazing systems currently available and summarize the
boundary conditions of their currently available energy ratings, quantify the energy and
power implications of broader marketplace adoption of current technologies, describe sev-
eral of the emerging window and glazing technologies, and quantify the HVAC sizing and
operations implications of different fenestration choices.
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mance of buildings and building products. He was a founding member and the first direc-
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strategically aligned clients, leveraging that knowledge and understanding to improve build-
ings, building products, and the codes and standards that govern them.
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NoT YOUR GRANDFATHER’S WINDOWS:
NEw GLAzZING AND FENESTRATION TECHNOLOGIES
TO MEET EXPANDING ENERGY AND
Peak PoOwER-REDUCTION GOALS

ABSTRACT

From Miami to Maine to Malibu, fenes-
tration technologies have been a focal point
in trying to improve the building energy per-
formance and building energy codes around
the nation. However, at their best, most
window systems still are the least efficient
aspect of any building envelope. Even
though today’s most energy-efficient win-
dow and glass technologies have evolved to
deliver unprecedented levels of perfor-
mance, they still have very little market
penetration, and adoption of these proven
technologies remains slow. Business as
usual often remains the impediment to
achieving specific energy and sustainability
goals.

New objectives for building envelope
performance, coupled with a serious refo-
cusing on the peak power demands on our
utilities (defined primarily by building ener-
gy use and time of use), require a reevalua-
tion of the importance of fenestration per-
formance. From commercial buildings to
residential, from new construction to rehab,
all face the challenge of choosing the right
glazing system that will durably deliver
long-term, predictable, and reliable energy
and power savings.

Architects, engineers, specifiers, and
other professionals in the buildings arena
should update their current knowledge base
about window and glass technology prior to
any new or rehab construction project.
Specific project objectives—with regard to
new energy codes, sustainability, green
building objectives, daylighting objectives,
local utility peak-power concerns, building
operating schedule, and others—can dra-
matically affect the decisions made about
window and glazing type.

This paper will briefly review the array of
window and glazing systems currently
available and summarize the boundary con-
ditions of their currently available energy
ratings for U-factor (thermal transmission)
and solar heat-gain coefficient (SHGC). We
will discuss some of the HVAC implications

of window and glazing choice and several of
the emerging window and glazing technolo-
gies will be described, citing their energy
and power implications and anticipated lim-
itations.

We will also show examples of unantici-
pated loopholes and biases in the energy
code that can easily undermine efficiency
and sustainability objectives, depending on
window selection criteria. We hope to pro-
vide architects, engineers, specifiers, and
others interested in building envelope per-
formance with practical guidance on prod-
uct types, performance, selection tools,
code compliance, and specification pitfalls.

BRIEF SUMMARY OF
FUNDAMENTALS

Windows generally remain the weak link
in our building envelope energy perfor-
mance. Even with proper attention to key
elements of good building design (such as
attention to orientation, shading, and
appropriate glazing selection), windows still
are net-energy

ing are amplified by the many changes that
have occurred to window and glazing tech-
nology over the last decade. No longer can
we merely specify “aluminum windows” or
“wood windows.” Most windows today are
complex engineered systems composed of
dozens of different materials designed to
give functionality, finish, color, security,
and a variety of other performance attribut-
es. Energy efficiency is just one of many
critical performance attributes that will not
fit behind one of those simple, outdated
generic window descriptors.

Historically, we improved window per-
formance by adding layers of glass. Each
layer gave us added resistance to heat flow
and different solar heat-gain properties,
shown graphically in Figure 1. With callous
disregard for the job site crew, efficiency
advocates in the 1970s were envisioning
quad glazing systems, trying to make a thin,
visually transparent system compete ther-
mally with a fairly well insulated wall.

Innovations in low-e coatings, frame
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Figure 1 — U-factor and SHGC potential from multiple layers
of clear glass. (Chart generated using ASHRAE Handbook
values and equations for determining center-of-glass U-factor
for multiple glazing layers).
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High Solar Gain Low-E (HSLE) vs. Clear Glass
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Figure 2 - First generation low-e coating impacts on glass energy performance.

design, thermal breaks in aluminum, low
conductance spacers, and composite mate-
rials resulted in double glazed systems that
could deliver U-factors approaching the
quad glazed performance objective. Figure 2
shows how glazing U-factors and SHGCs
evolved with the first generation of low-e
coatings. These early low-e coatings were
designed to be highly transmissive of a large
portion of the solar spectrum while fairly
reflective to long-wave radiation (heat),
making them much better insulators than
their previous clear or tinted glass counter-
parts. Today, these low-e coatings are gen-
erally referred to as High Solar Gain Low-e
glazings (HSLE).

As cooling-load management and reduc-
tion became increasingly important in
building energy performance, the glazing
industry responded with an increasing
array of coating technologies. These new
coatings could essentially be fine tuned to
address specific solar transmission and
reflection objectives while maintaining high
degrees of visual clarity. While almost all of
the low-e coatings provided low U-factors
(less than 0.35 BTU/hr x sq ft x °F), these
newer coatings began to focus on ever lower
SHGCs, targeting cooling load reductions
and addressing the growing peak power and
air-conditioning demand.

Figure 3 shows how glass performance
has dramatically changed from these early
low-e coatings, now with coatings fine-
tuned for various levels of additional solar
control. These coatings enabled heretofore
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unachievable reductions in solar heat gain
while maintaining highly visible transmit-
tance. These new mid- and low-SHGC glaz-
ings provided dramatic cooling energy sav-
ings, reduced peak cooling loads (enabling
smaller HVAC systems to be installed), and
provided improved occupant comfort year
round. (Note the dramatic downward shift
in the SHGC values for double, triple, and
quad glazing incorporating these new solar

control coatings.

When we put these new glazings into a
variety of different window-framing sys-
tems, we get a variety of whole-product per-
formance values. For example, the same
glazing in a low-conductivity frame (such as
wood, vinyl, fiberglass, and others) will per-
form similarly (in terms of U-factor and
SHGC) to the glass-only values. Putting this
same glazing into a high-conductivity frame
(such as aluminum or steel) can result in
dramatically higher U-factors and SHGC
values than those of the glass alone. The
window industry has recognized this fact
and has developed an array of improved
thermal break technologies for highly con-
ductive frames that are designed to get
whole-window performance values much
nearer to the glass values.

Figure 4 shows how whole-product per-
formance (i.e., window performance)—even
with a low-conductivity material such as
vinyl—still shifts away from the glass-only
values. The values shown here essentially
represent the performance limits of passive
(nonswitchable) glazing technologies in
improved frames that are available today.

To protect against misleading perfor-
mance claims describing glass-only or
frame-only performance, the industry
worked with the federal government, state
agencies, and specifiers in the late 1980s to
develop a reliable window energy-perfor-
mance rating system. Today, most window
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Figure 3 — Energy-performance spectrum of low-e coatings available today. HSLE
= High-Solar Gain Low-E; MSLE = Mid-Solar Gain Low-E; LSLE = Low-Solar Gain

Low-E.
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systems carry the NFRC rating and energy-
performance certification. (Figure 5).

As building efficiency demands grew,
the demands on ever-improved window
energy performance grew. Comparative U-
factors and solar heat-gain coefficients
(SHGCs) evolved from marketplace chaos to
codes and incentive programs that specifi-
cally reference and reward improved win-
dow system performance.! Programs like
EnergyStar® and others embraced these
comparative ratings and have established
marketplace incentives for selecting and
specifying better windows.

As can be seen from Figures I through
4, there are technological limits to passive
technologies. U-factor is constrained by
coatings, wavelengths, layers, and the ther-
mal conductance of the assembled materi-
als. Similarly, there is a technological limit
to how low one can go with solar heat-gain
coefficients while still retaining the ability to
see through the window. And while even
lower SHGCs can be achieved, they usually
come by compromising visual clarity and
reducing daylighting potential.

Emerging technologies offer the promise
of even better performance levels. For
example, switchable glazings offer the hope
of window systems that can be fine tuned to
climate, occupant, and building needs,
changing from highly transmissive to
opaque, depending on the type and level of
switching control. However, the cost of
these switchable technologies is far beyond
typical design budgets, and the durability of
these systems over time is still being
assessed.

Providing visual connection to the out-
doors while also limiting unwanted solar
gain are the two most critical elements of
most window selection criteria. Solar con-
trol is so important that some of the emerg-
ing technologies focus on exterior coatings,
frits, and shading systems to further assist
in building-load management.

WINDOWS AND THE ENERGY CODE
Our nation’s first commercial energy
code was published by the American
Society of Heating Refrigerating and Air
Conditioning Engineers (ASHRAE) in 1975.?
As a response to the oil embargo, this code
focused on quantifying and establishing
reasonable performance limits for building
components and systems. Soon, a residen-
tial energy code (the Model Energy Code)
followed, defining minimum energy-perfor-
mance attributes for homes. Today, the res-
idential and commercial energy codes are
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Window Co.

Millennium 2000t

Vinyl-Clad Wood Frame
Double Glazing * Argon Fill « Low E
Product Type: Vertical Slider

£

National Fenestration
Rating Council®

CERTIFIED

ENERGY PERFORMANCE RATINGS
U-Factor (U.S./I-P) Solar Heat Gain Coefficient

0.30  0.30

ADDITIONAL PERFORMANCE RATINGS
Visible Transmittance Air Leakage (U.S./I-P)

0.51 0.2

Manufacturer stipulates that these ratings conform to applicable NFRC procedures for determining whole

product performance. NFRC ratings are determined for a fixed set of environmental conditions and a

specific product size. NFRC does not recommend any product and does not warrant the suitability of any

product for any specific use. Consult manufacturer's literature for other product performance information.
www.nfrc.org

Figure 5 — NFRC label.
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VERTICAL FENESTRATION

(30% maximum of walls associated with the building envelope)

U-Factor

Climate Zone 1 2 3 4 5 6 7 8
Nonmetal framing 0.51 (0.32)a 0.40 0.35 0.32 0.30 0.30 0.26 0.25
Metal framing, fixed 0.73 (0.50)a 0.50 0.46 0.38 0.38 0.35 0.29 0.29
Metal framing, operable 0.81 (0.65)a 0.65 0.60 0.45 0.45 0.43 0.37 0.37
SHGC — All Frame Types

Max. SHGC (assembly) 0.25 0.25 0.25 0.30 0.30 0.35 0.40 0.40
Min. VT/SHGC (assembly)

Vertical fenestration 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1

Values shown in parentheses are for extremely hot climates where the cooling design temperature exceeds 95°F.

Table 1 — Prescriptive fenestration requirements anticipated in ASHRAE 90.1-2010.

embodied in the International Energy
Conservation Code (IECC). Many state
codes have adapted the IECC for their spe-
cific use.

The IECC focuses on minimum levels of
energy efficiency for buildings. Our early
building-energy simulation programs ini-
tially focused on heating-energy use. As our
recognition of the importance of air condi-
tioning evolved, so did the computer pro-
grams. We soon realized that managing the
loads from windows and glazing was one of
the most critical energy-management prac-
tices we could employ. Today, those pro-
grams have evolved, enabling a fairly robust
assessment of anticipated building-energy
performance for both heating and cooling.

Both the residential and commercial
energy codes evolved with two paths of pos-
sible code compliance. The first was a sim-
ple, prescriptive set of requirements that,
when met, demonstrated compliance. The
second path, called the performance path,
allowed for computer

Note: Just a subset of the entire table is shown here.

trying multiple options to achieve compli-
ance. Both compliance paths have fallen
victim to the law of unintended conse-
quences.

UNANTICIPATED CONSEQUENCES

The early energy codes sought to estab-
lish different performance requirements for
each building envelope element. By
attempting to be all-inclusive, being certain
to address all building materials, the codes
established a structure of unintended bias
that remains in place today. This bias
evolved over time from trying to use eco-
nomic criteria to help inform and set mini-
mum efficiency requirements. Each build-
ing technology was evaluated separately as
to its costs. As a result, steel walls have dif-
ferent minimum efficiency requirements
than do wood walls or concrete walls.
Similarly, aluminum windows have differ-
ent energy performance requirements than
nonmetal windows.

While this economics-based structure
seems reasonable, it results in buildings
with differing energy budgets based on the
materials used. It assumes (at least at a
mathematical level) that different building
products do not compete for the same
building element.

Consider: In the commercial code, if one
chooses an aluminum window for a project,
then the U-factor and SHGC have to meet
certain specific requirements. However, if
one chooses a wood, vinyl, or fiberglass win-
dow product, then the maximum U-factor
and maximum SHGC values are lower—
again, resulting in different minimum ener-
gy budgets for a code-compliant building,
depending on which product is being used!

Table I shows this current code struc-
ture and the performance requirements for
fenestration in the commercial code. The
values shown are the values proposed for
the 2010 version of ASHRAE Standard
90.1—the national model code for commer-

simulations to be con-

. : Climate Source Energy (Mbtu) for
ducted allowing design- . .
ers and engineers to try Zone Heating and Cooling
different combinations Metal Operable Nonmetal Difference
of variables that could
meet the energy-perfor- Phoenix 2 Dry 1,751 1,642 7%
mance targets. Pre- I o ston 2 Humid 2,137 2,050 4%
scriptive  compliance
offered the simplicity of Baltimore 4 1,807 1,709 6%
a single checklist and [ \inneapolis 6 1,748 1,616 8%
easy enforcement. The

performance path
offered the flexibility of

96 e MATHIS

windows.

Table 2 — Source-energy summation for four climate zones, comparing metal and nonmetal
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cial buildings, slated for publication in
September.

The energy code shows different maxi-
mum U-factors for fixed metal-framed win-
dows, operable metal-framed windows, and
nonmetal windows. U-factors are a measure
of thermal transmission—a performance
measure. Why do we care about what mate-
rial the window is made out of?

Each designer will select the window
design or frames that he or she wants for
his or her project to meet (or exceed) the
requirements of the code. (Note: This same
structure exists for insulated roofs [depend-
ing on how they are insulated| and for insu-
lated walls [are they steel, concrete, or
wood?] and for floors, slabs, and base-
ments. The implication is that these differ-
ent materials are not competing for the
same wall, roof, or floor area.) The conse-
quences of this structure are shown below.

We considered just one example of the
unintended consequences of this code
structure, analyzing a medium-sized com-
mercial building in four climate zones. The
building analyzed is one of the DOE com-
mercial benchmark buildings.’ The building
analyzed is a 3-story, 53,630-sq-ft office
building with a 32% glazing area (as a per-
centage of the wall area) and a 1.5 aspect
ratio.

Holding every other variable constant,
what are the implications of merely chang-
ing from one code-compliant window and
framing system to another (i.e., from metal
to nonmetal)? Table 2 shows the resultant
summation of heating and cooling energy
for the four options.

Several observations can be made. First,
code-compliant does not mean equal ener-
gy. While the mix of heating to cooling may
change, the medium office building’s energy
budget, peak-power demands, and carbon
implications are dramatically different —
just by selecting a different code-compliant
window. From Houston to Minneapolis,
there is a 4% to 8% difference in energy use.

So one unintended consequence of this
regulatory approach results in an energy-
performance loophole. In this example, a
building that consumes 8% more energy is
just as code-compliant as one that con-
sumes less merely by selecting a metal
product over a nonmetal one.

Another unintended consequence is
that makers of nonmetal windows have a
more stringent U-factor requirement to
meet just because their base material is less
conductive. Again, different energy budgets
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Figure 6 — Window SHGC impacts on peak power and carbon emissions.

for different materials? Isn'’t the code about
performance?

While the code marketplace sorts out
these material biases, the implications of
glazing performance on building energy use
continue to take center stage. At the most
recent ASHRAE meetings, one of the most
controversial and significant energy-savings
elements debated was the prescriptive value
for the 2010 version of Standard 90.1,
shown in Table 2.

WINDOW PERFORMANCE
IMPLICATIONS ON LOADS AND
POWER

While we focus on improving our energy
codes, we also have to be aware of the impli-
cations of window selection beyond the
boundaries of the building. Consider what
happens each day as we “turn on” our
buildings. As the day progresses, the
demand for more electricity—especially for
air  conditioning—steadily  increases.
Managing and even reducing cooling loads
become critical components of managing
utility peak demand, as well as addressing
carbon emission-reduction goals. Figure 6
shows the impact of varying window SHGC
on peak power demand and carbon emis-
sions for this same medium office building
in four climates.

So as we pursue green building, Energy
Star” buildings, and other beyond-code
objectives, the importance of cooling-load
reduction cannot be overstated.
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SPECIFICATION GUIDANCE FOR
BUILDING PROFESSIONALS

There are many criteria that go into the
selection of windows and glazing—from the
strength to withstand tornadoes and hurri-
canes, to resistance to salt air on the coast,
to providing ease of use and access to view,
to low maintenance and long-term perfor-
mance reliability, to energy attributes like
U-factor and SHGC, to building facade aes-
thetics. And there are always trade-offs to
be made. Does one want proven durability
and long-term performance? Or are aes-
thetics more important? Is one measuring
and trading carbon? Or should one be
focused more on points for a rating system?

Following is a list of attributes that

should be considered when selecting any
window or glazing system:

1. Meet the design loads required by
code for the building (based on wind
speed, exposure class, location in
wall, unit size, importance factors,
and mean roof height).

2. Know the basic code requirements
(air leakage, water penetration).

3. Know what your project requires
(forced-entry resistance, impact
resistance, operating force, safety
glazing).

4. Know the energy requirements (cer-
tified U-factor and SHGC values).

5. Know the other window-related prop-
erties that will contribute to meeting
overall design objectives (visible
transmittance, daylighting potential,
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glare management, views).

6. Clearly define any beyond-code
objectives and the role that windows
play in achieving those objectives
(peak-power and demand-charge
implications, carbon-emission impli-
cations).

CONCLUSION

This paper was meant to provide an
overview of the primary energy-related
issues associated with window and glazing
selection. The array of available products
and technologies has dramatically changed
in just the past few years. The lessons
learned about windows a decade ago may
be totally inappropriate to today’s energy-
code requirements. Yesterday’s technologies
may be insufficient to address our beyond-
code and green-building design objectives.
Architects, engineers, and specifiers must
consider the expanding array of technolo-
gies as opportunities but not forget to fully
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address all of the fundamental specification
requirements that ensure proper window
and glazing selection for each particular
project.
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