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4.2.1 Windows and Glazing Systems

U-factors, as specified by the National Fenestration
Rating Council (NFRC). These unit values account for
the glazing, frame, and glazing spacers in insulated-
glass units. The lower the U-factor (Btu/ft2·°F·hr), the
better the performance. U-factor is the inverse of R-
value (U=1/R). The U-factor of double clear glazing is
about 0.5 (R-value about 2).

Types of glazing include clear, tinted, reflective, low-
emissivity (low-e), and spectrally selective. Some low-
e coatings are on suspended plastic films (Heat Mir-
ror®). There are also some advanced high-tech glazing
systems available or under development, including
electrochromic (tinted by applied voltage), photochro-
mic (tinted by light intensity), thermochromic (tinted
by heat), photovoltaic (power-generating), and trans-
parent insulating.

Low-e coatings have revolutionized glazing design
in the past twenty years, dramatically boosting energy
performance. These very thin coatings of metal (typi-
cally silver or tin oxide) allow short-wavelength sun-
light through but block the escape of longer-wavelength
heat radiation. There are two types of low-e coatings:
soft-coat (vacuum-deposited) coatings that have to be
protected within a sealed insulated glass unit; and
hard-coat (pyrolytic) coatings that are applied when
the glass is still molten and are durable enough to be
used on single-pane glazings. Soft-coat low-e coatings
generally block heat loss better, but they also block
more of the solar heat gain and thus aren’t as good for
south-facing glazing on passive solar buildings.

Spectrally selective glazings are a special type of
glazing used mostly in commercial buildings. These
should be specified in climates where solar gain in the
summer creates large cooling loads and where daylight
also is desired. The coatings allow visible portions of
the solar energy spectrum to be transmitted, but they
block infrared and ultraviolet portions of the spectrum
that introduce heat primarily.

The gap between multiple panes of glass also in-
fluences heat flow. The space may be filled with air or
a high-conductivity gas such as argon or krypton. Be-
cause these gases have lower thermal conductivity than
air, they result in lower U-values. While krypton is sig-
nificantly better than argon, it is also a lot more ex-
pensive and therefore rarely used. Low-conductivity
gas fills are particularly important when low-e coat-
ings are used on the glass, because the coatings result
in a higher difference in temperature across the
interpane space.

In renovations—particularly of historic buildings—
aluminum, metal, and vinyl panning and receptor sys-
tems provide a weathertight, finished covering for

Windows, and glazing systems in general, can provide
daylighting, passive solar heat gain, natural ventila-
tion, and views. Glazings can be vertical or sloped, wall-
mounted or roof-mounted. While a vitally important
building component, glazing systems can also be the
weakest point in the building envelope—relative to heat
loss, unwanted heat gain, moisture problems, and noise
transmission. Through proper design, careful analy-
sis, and proper installation, glazing systems allow
buildings to work with the climate to reduce energy
use as well as enhance human comfort and productivity.

Opportunities

Opportunities to ensure that glazing systems will be
effective and climate-responsive are greatest very early
in the planning and design process both for new build-
ings and for existing buildings undergoing renovation.
Renovations afford opportunities for replacing older,
single-glazed, and either clear or darkly tinted windows.
Window and glazing modifications can be considered
independently of other building changes, but changes
will be most cost-effective when carried out as part of
a broader upgrade of the whole building. Improving
the energy performance of windows without replacing
the window units themselves may be feasible by add-
ing shading devices on the exterior, an extra glazing
layer (storm panel) on the interior or exterior, or win-
dow treatments (such as shades, drapes, shutters, or
window films) on the interior.

Technical Information

Windows and glazings are specified by solar heat
gain coefficient (SHGC), U-factor (thermal transfer
rate), air-leakage rate, visible light transmittance, and
materials of construction. The glazing configuration,
frame materials, and quality of construction will de-
termine the environmental impact, maintenance, du-
rability, and potential for disassembly for reuse or re-
cycling at the end of its life.

Issues to be considered in the selection of windows
and glazings include the glazing system (see below),
framing materials and design, finishes used on fram-
ing components, window operation (for operable units),
and how windows or glazing units are sealed at the
time of installation to ensure a weather-tight envelope.

Windows and glazings allow heat movement via
conduction across the glazing and the frame, via air
leakage at the frame gaps and between the frame and
wall, and via the transmission of solar and heat radia-
tion through the glazing. Window thermal performance
should be compared by using the whole-window
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placement over existing wood frames. This simplifies
installation of new units and eliminates the removal
of old frames. Separate interior or exterior glazing pan-
els can also often be added to single-pane windows in
historic buildings to boost energy performance with-
out significantly altering the building’s appearance.

Wood frames may be a better material

from an environmental standpoint (if the

wood is from a certified well-managed forest),

but they may have greater life-cycle costs be-

cause of their shorter life, and higher mainte-

nance costs compared with metal, vinyl (PVC),

and fiberglass windows. When selecting frame

materials, weight heavily the thermal perfor-

mance and maintenance—not just the initial en-

vironmental impacts of the material.

To select windows for the best overall energy
performance, first conduct an analysis that accounts
for inward and outward energy flows throughout the

�

year. Various computer software tools can be used for
this analysis, including DOE-2 and Energy-10.

Sound-control (acoustical) performance of win-
dows can be improved by ensuring that windows are
airtight, increasing the thickness of the glass, adding
additional glazing layers, and specifying laminated
glass with a plastic interlayer.

The choice of either fixed glazing units or oper-
able units should be based on site-specific and climate-
specific opportunities and constraints. Casement, piv-
oting, and awning windows offer the greatest opening
area for natural ventilation and utilize compression
seals that provide the best method of sealing the joint
between sash and frame. Fixed windows provide the
best thermal performance because of fixed seals; these
can be designed to satisfy acoustical and security con-
cerns as well.

Glazings that insulate poorly and frames

that are highly conductive will have a cold

interior surface during winter months, and con-

densation may occur on the inside of the glass

and frames. This can damage window frames,

sills, wallboard, paint, and wall coverings. A more

thermally efficient window and a nonconductive

frame with thermal breaks are less likely to re-

sult in condensation. Avoid metal frames that

lack thermal breaks.
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can provide window evaluation software developed by
Lawrence Berkeley National Laboratory.
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NREL’s Solar Energy Research Facility is designed to use
natural lighting. South-, east-, and west-facing windows
are specially coated with six different, graduated glazings
to mitigate unwanted heat or glare from the sun. Windows
facing east and west are also outfitted with “smart,” mo-
torized window shades. Each shade has a photovoltaic sen-
sor to detect the sun’s intensity and automatically raise or
lower the shade to prevent glare and heat gain.


	Front Matter
	Part 1 Rationale
	1.1 A Tour of the Guide
	1.2 Purpose
	1.3 Current Federal Regulations

	Part II Environmental and Energy Decision -Making
	2.1 Green Teams – Innovations in

Planning, Design, and Operation
	2.2 Economic and Environmental Analysis
	2.3 Green Procurement
	2.4 Alternative Financing

	Part III Site and Landscape Issues
	3.1 Land-Use Planning and Transportation
	3.2 Site Selection
	3.3 Building Placement and Orientation on a Site
	3.4 General Landscaping Principles
	3.5 Stormwater Management
	3.6 Plantings in the Sustainable Landscape
	3.7 Water Use in the Landscape
	3.8 Chemical Use in the Landscape

	Part IV Building Design
	4.1 Integrated Building Design
	4.1.1 Passive Solar Design
	4.1.2 Daylighting Design
	4.1.3 Natural Ventilation

	4.2 Building Envelope
	4.2.1 Windows and Glazing Systems
	4.2.2 Insulation


	Part V Energy Systems
	5.1 Energy and Conservation Issues
	5.2 HVAC Systems
	5.2.1 Boilers
	5.2.2 Air Distribution Systems
	5.2.3 Chillers
	5.2.4 Absorption Cooling
	5.2.5 Desiccant Dehumidification
	5.2.6 Ground-Source Heat Pumps
	5.2.7 HVAC Technologies to Consider

	5.3 Water Heating
	5.3.1 Heat-Recovery Water Heating
	5.3.2 Solar Water Heating

	5.4 Lighting
	5.4.1 Linear Fluorescent Lighting
	5.4.2 Electronic Ballasts
	5.4.3 Compact Fluorescent Lighting
	5.4.4 Lighting Controls
	5.4.5 Exterior Lighting

	5.5 Office, Food Service, and Laundry Equipment
	5.5.1 Office Equipment
	5.5.2 Food Service/Laundry Equipment

	5.6 Energy Management
	5.6.1 Energy Management and Control Systems
	5.6.2 Managing Utility Costs

	5.7 Electric Motors and Drives
	5.7.1 High-Efficiency Drives
	5.7.2 Variable-Frequency Motors
	5.7.3 Power Factor Correction
	5.7.4 Energy-Efficient Elevators

	5.8 Electric Power Systems
	5.8.1 Power Systems Analysis
	5.8.2 Transformers
	5.8.3 Microturbines
	5.8.4 Fuel Cells
	5.8.5 Photovoltaics
	5.8.6 Wind Energy
	5.8.7 Biomass Energy Systems
	5.8.8 Combined Heat and Power


	Part VI Water and Wastewater
	6.1 Water Management
	6.2 Toilets and Urinals
	6.3 Showers, Faucets, and Drinking Fountains
	6.4 Electronic Controls for Plumbing Fixtures
	6.5 Reclaimed Water
	6.6 Graywater Collection and Use
	6.7 Rainwater Harvesting
	6.8 On-Site Wastewater Treatment Systems

	Part VII Materials, Waste Management, and Recycling
	7.1 Material Selection
	7.1.1 Writing Green Specifications
	7.1.2 Structural Building Components
	7.1.3 Wood Products
	7.1.4 Low-Slope Roofing
	7.1.5 Floor Coverings
	7.1.6 Paint and Wall Coverings
	7.1.7 Contract Furnishings

	7.2 Operational Waste Reduction and Recycling
	7.3 Construction Waste Management
	7.4 Deconstruction

	Part VIII Indoor Environmental Quality
	8.1 Indoor Air Quality
	8.2 Controlling Soil Gases
	8.3 Controlling Biological Contaminants
	8.4 Productivity in the Workplace
	8.5 Noise Control and Privacy

	Part IX Managing Buildings
	9.1 The Role of Operations and Maintenance (O&M)
	9.2 Building Commissioning
	9.3 Maintaining Healthy Indoor Environments
	9.4 Leased Buildings
	9.5 Measuring and Monitoring Benefits
	9.6 Setting Standards and Training
	9.7 Employee Incentive Programs




