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Course Overview

Windows are a critical element of architectural design. Window selection not only 
significantly impacts the aesthetics of the project, but also affects the energy efficiency, 
comfort, durability and sustainability of the building once construction is complete. This 
learning unit will address some of the more popular window choices available today and 
provide a comparative review of the features and benefits of these very important building 
elements. This learning unit will also introduce learners to the standards, tests, and other 
performance metrics that will enable specifers to select the right window for the right 
application.
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Upon completing the 
course, the student will 
be able to:

Learning 
Objectives

Identify different window types 
based on the product’s base 
material, cladding, and finish

Discuss some of the main 
criteria for evaluating window 

types commonly available 
today

Describe the performance 
attributes of each window 

material

Explain how different window 
materials contribute to energy 

efficiency and overall 
sustainability goals including 

recycling and low maintenance

At the end of this course, the student will be able to:

• Identify different window types based on the product’s base material, cladding, and finish

• Discuss some of the main criteria for evaluating window types commonly available today

• Describe the performance attributes of each window material

• Explain how different window materials contribute to energy efficiency and overall sustainability goals including recycling and 
low maintenance



Section 1
Window Type 

Architects have never enjoyed so many options when it comes to window materials. This section will provide a brief overview of 
the different window types available today, starting with the basic anatomy of a window (frames, sashes, cladding, and finishes) 
and a description of the materials commonly used for these components. Materials covered will include whole materials such as 
vinyl, aluminum, and fiberglass, composites, and hybrids such as aluminum-clad wood and vinyl-clad wood, as well as specialty 
materials such as copper and bronze. Included will be a brief discussion of material innovations that have enabled greater 
performance. Finally, this section will outline the relationship between cost and the materials and resources used during 
manufacturing of windows and frames.
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Window 
Evolution

• Original wood frames were built on site
• Mass production of wood frames began 

around 1900
• Material and glazing options are now near 

limitless 

The first commercial and residential windows were custom-built on site with wood frames a simple single-pane design. By the turn 
of the 20th century, some companies started to manufacture pre-framed wooden windows. While this made construction easier 
and faster, these mass-produced windows were still very crude in terms of energy efficiency, and installation was inconsistent with 
little emphasis on air sealing. Over time, aluminum and steel frames were introduced, which allowed for more interesting and 
unique designs, but the windows were still very basic, consisting of glass-filled frames.  Starting in the 1960s, progressive 
manufacturers looking for a competitive edge began researching and developing new fenestration designs and technologies. First, 
manufactures started adding a second pane of glass to improve overall insulation. Next, they added gas between the panes, which 
both helped keep them clear of humidity but also enhanced the windows’ thermal properties. Tinting, glazing, coatings and 
additional panes soon followed. By the mid-1980s, design professionals could choose glass types, styles, features, and benefits from 
hundreds of options.
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Anatomy of a 
Modern Window

Frame 

Cladding 

Sash

Glazing with or without coatings

Grilles 

1

2

3

4

5

Modern windows are more complex than a frame with some glazing. The frame, which provides the window’s structure, may itself 
contain insulation. Cladding protects the exterior of some frame materials and can be made of vinyl, aluminum, or fiberglass. The 
sash is the moving part of the window. The glazing may consists of one, two or even three panes of glass. The insulating spaces 
between the panes may be filled with a gas, typically argon, which boost the insulative value. The glazing may be treated with 
coatings such as low-emittance coatings which helps prevent solar heat gain, or with tints or decorative coatings. Decorative grilles 
break up the glazing field into smaller panes, and help give a window its signature architectural style. 

Source:https://www.consumerreports.org/cro/magazine/2014/10/how-to-choose-replacement-windows/index.htm
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Window Material 
Types

• Wood
• Aluminum
• Vinyl
• Clad Wood
• Fiberglass
• Composites

Though the majority of windows were made out of wood, steel-framed windows were introduced in the early 1900s, and 
represented the first significant change to window design. Since then, window quality and performance has improved steadily, as 
both new materials and technologies evolved.  Aluminum frames were introduced as an economical and lightweight option in the 
1950s, and vinyl frames became popular in the 1970s. Today, materials such as fiberglass and wood-plastic composites are enabling 
good performance and durability without the maintenance required of conventional wood windows.
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Wood
• Solid wood frames were the first style
• Wood can be stained or painted to match any design style

• Expensive and high maintenance 
• Commonly used in historical preservation 

Wood as a base material for window frames remains a very popular choice, especially in residential construction. Although the 
wood frame can last for decades, its longevity depends on regular maintenance in the form of painting or staining. Wood frames 
come in two basic varieties: solid wood or finger-jointed. Finger-jointing involves cutting notches into the ends of wood pieces and 
joining them into longer pieces with an adhesive.  Solid wood and finger-jointed frames have relatively good thermal performance 
and in replacement situations can be very attractive when trying to match the original look and feel of the building.  
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Attributes of Base 
Wood Materials

• Base material of wood frames

- Ponderosa Pine

- Douglas fir

• Density of grain will allow for more detailed milling 
options

• Reduced moisture absorption limits exposure to rot

• Sustainable sources conserve natural resources

Window manufacturers usually offer several types of solid wood base materials for window frames. Most commonly, the wood 
comes from trees that domestically harvested and milled. These include Douglas fir, Western Hemlock and Ponderosa Pine. Each 
wood type has different attributes; understanding the properties of the base material will help you select the right material for the 
right application, at the desired price point.

Tighter grain enables more detailed milling and fine design elements. A tighter grain also creates a better material for sturdy 
construction, as it holds fasteners and hardware better. Some wood types inherently protect against rot and decay because they 
repel water better. Seek independent test results for density, compression, fastener retention, strength, and impact resistance 
from the manufacturer to adequately evaluate the merits of each window product. 
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Aluminum
• First introduced in 1950s
• Economical and lightweight
• Poor insulation qualities (metal conducts heat)
• Modern aluminum windows are more energy 

efficient 
• Strong and durable

Aluminum framed windows gained popularity in the 1950s because they were economical, mass produced and readily available. 
Early aluminum-framed windows were simple single-pane units. Though lightweight and easy to install, they did little to help 
insulate the structure, as metal readily conducts heat. Modern aluminum windows, with the assistance of cladding and thermal 
breaks, are more energy efficient. Today, aluminum-framed windows are a popular choice for commercial applications such as 
storefronts and curtain walls. In general, they are more durable than vinyl or wood-framed windows, especially in high wind zones 
or hurricane-prone regions. 
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Vinyl
• Polyvinyl chloride plastic
• Good energy efficiency
• Generally the least expensive 

window type
• Expand/contract more than 

other window types
• Color selection limited

Modern vinyl windows are made from polyvinyl chloride plastic and include stabilizers that make them less susceptible to UV 
damage. All modern vinyl frames are hollow and the gap provides an air break that slows heat transfer between the interior 
conditioned space and the outdoors. Vinyl windows are the least expensive window option. They are also virtually maintenance 
free, although they can be susceptible to the elements. On the down side, vinyl windows experience the most expansion and 
contraction of any window materials; consequently, vinyl windows must be checked and maintained for proper sealing, else 
thermal performance may suffer. Color and hardware options are also limited.
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Fiberglass
• Made through pultrusion of glass fibers and plastics
• Strong and durable
• Resistant to temperature changes
• Can be painted in factory or in the field
• May be more expensive than other types

Fiberglass frames are made by combining glass fibers and different plastics in a process called protrusion. Fiberglass is resistant to 
contraction and expansion in response to temperature changes and so is a good choice for a range of climate zones. Because they 
are so strong, fiberglass frames are available in thinner profiles, and they can support large spans of glass. As with composites, 
fiberglass frames can provide excellent performance for windows; however, they may command a higher price due to the 
technology requirements for manufacturing. Fiberglass can be finished in the factory using powder-coated paints, but they can also 
be painted.
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Composites
• Newest to the market
• Strong and durable
• Resists temperature fluctuations
• Offer narrower frames and greater viewing area
• Better insulating values than aluminum

Composite and fiberglass are newer entries to the window frame market.  Composite material is made from a combination of 
pulverized wood fiber and plastic polymers. Color pigments can be added to the material during manufacturing, so the products 
don’t require painting. As with new decking and siding material, composite cladding is relatively strong, durable, and decay 
resistant. Like aluminum and fiberglass, composite frames can be thinner than other types, providing a modern aesthetic and 
greater viewing area. Composites also offer greater insulating value than aluminum, and the material resists contraction and 
expansion in response to temperature changes. However, these frames may be more expensive, and there aren’t as many 
manufacturer of composites compared to other window types.
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Cladding

• Enhance durability and energy 
efficiency while reducing 
maintenance

• Cladding on exterior; wood on 
interior

• Typical cladding materials include 
aluminum, vinyl, bronze, and 
copper

To increase durability, energy efficiency, and reduce maintenance of all wood windows, cladding can be applied to the frame. 
Typically, the cladding is attached to the exterior of an all-wood frame, which allows the wood to be exposed to the interior. The 
cladding protects the window from the exterior elements while preserving the desired wood aesthetic on the interior.
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Vinyl Clad Windows
• Same benefits as vinyl window frames
• Low maintenance protection for wood frames

Vinyl clad windows are generally the least expensive type of clad wood windows, and they offer many of the benefits of solid vinyl 
window frames. Vinyl stands up well to the elements and is virtually maintenance free as it never requires painting or staining. 
Vinyl also resists humidity in warmer, damper climates. Marrying vinyl cladding over traditional frames limits the expansion and 
contraction characteristic of full vinyl frames, while providing great energy performance. 
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Aluminum Clad
• Popular choice due to affordability 

and range of colors and styles
• Rolled aluminum
• Extruded aluminum

Aluminum is roughly one-third the weight of iron, steel, copper, or brass, making it the lightest and most malleable metal to work 
with. Aluminum remains a very popular choice for cladding all-wood window frames because it is generally an affordable material 
that can offer a wide range of color and style options. Aluminum cladding comes in two main grades: rolled aluminum and extruded 
aluminum. There are significant differences between the two types of aluminum and it is important to understand the physical 
properties, benefits and challenges of each. 
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Extruded vs. 
Rolled Aluminum
• Extruded is heavier and is more durable

over time
• Rolled is a less expensive type of aluminum 

with metal is about as thick as a soda can
• Easily dented and marred

Roll-formed aluminum is by far the least expensive option for aluminum clad windows, but it comes with heavy penalties in 
durability, sustainability, and aesthetic detail.  The metal is refined and rolled, then stamped, cut, and folded to make the necessary 
shape for cladding. When processed, the aluminum has the same depth and malleability as traditional soda cans. The 
manufacturing process of roll-formed aluminum creates more surface bulges and depressions, resulting in uneven paint 
distribution, which may lead to spotting as the finish ages. Because the cladding layer is so thin, it is easily dented and marred. 

In contrast, extruded aluminum is much more robust and can be as thick as a quarter, or about 2 mm. Extruded aluminum has 
superior strength, profiling, detailing, and stability. During the manufacturing process aluminum is forced through dies specially 
designed for the intended product. When viewed microscopically, extruded aluminum has a much more uniform surface, allowing 
for even paint distribution. This heavy-duty thickness makes extruded aluminum much more durable, especially in high wind areas. 
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Cladding Paints and Finishes
Paints

• 50% and 70% PVDF paints are most common

• Ceramic pigmentation can be added

• PVDF can reduce chalking and fading

Anodized

• Acid is used to create a corrosion layer at the surface

• Can be dyed dark and gem tone colors

• Provides an additional layer of protection to the metal

Aluminum-clad wood window frames are often painted to match the exterior of the home. The most commonly used paints for 
window frames are 50 and 70 percent polyvinylidene fluoride (PVDF) or fluoropolymer paints. While the paint formulas using 70 
percent (PVDF) are the industry standard, some manufacturers use a product enhanced with ceramic pigmentation. The enhanced 
PVDF offers greater resistance to weathering, fading, and especially chalking, which is the gradual appearance of white dust 
common on aging painted materials.   

The other way to add color to aluminum cladding is to anodize the metal. The process of anodizing uses acid to create a corrosion 
and wear resistant layer on top of a metal, which changes the crystal structure near the surface of substances. This process creates 
a matte finish to the metal, which can then be dyed. All color options are available; however, rich earth tones tend to perform very 
well on anodized aluminum. Anodizing helps increase the durability and strength of the metal and the matte finish helps hide small 
surface defects and reduces sunlight glare. In addition to the aesthetically desirable etching, anodized finishing also increases 
resistance to abrasion damage on aluminum. 
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Fiberglass and 
Composite 
Cladding
• Does not require painting
• Strong and durable
• Resists movement due to temperature 

fluctuations
• Color is integral to cladding (composites)

In addition to offering window products made solely from fiberglass or composites, some manufacturers offer wood windows clad 
with either fiberglass or composite material on the exterior. As with aluminum or vinyl-clad windows, products clad with composite 
or fiberglass material do not require painting. They also resist decay, rot, and movements due to temperature fluctuations, and 
hold up very well against the elements. 

For composite cladding, the color is integral to the cladding, so a coating such as Kynar is not required. Although fiberglass and 
composite-clad windows don’t require painting for maintenance, they can be painted if a color change is desired. 

21



Copper and Bronze
• Premium product for custom and luxury applications
• Metals age and patina over time
• May stain siding and age inconsistently from window to 

window

For custom and luxury class windows, bronze or copper is sometimes used as an exterior cladding. These metals demand a 
premium price but can bring a sense of class and elegance to exterior design. Copper and bronze naturally oxidize; the rates of 
oxidation vary depending on their location and exposure. This can create unique patina and staining patterns on the cladding, 
which can add dramatic and interesting accents for a building. At the same time, this process can also stain the siding, and the rate 
of aging may vary from window to window, creating aesthetic inconsistencies. Like all clad frames, copper and bronze clad wood 
frames require little maintenance; however, keep in mind that the product’s durability will depend in part on the thickness of the 
cladding layer.
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Section 2
Criteria for evaluating windows 

Architects specify windows based on several characteristics. While aesthetic appeal and cost are important, so are energy 
performance, sound control, durability, required maintenance, and the product’s environmental sustainability. Several criteria are 
used to evaluate windows; the architect must understand how to weigh these criteria and evaluate performance characteristics to 
make informed selections. This section will provide an overview of different standards, ratings, and evaluation methods commonly 
used in the fenestration industry today, and how specifiers can access and interpret this information.
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Basic Energy 
Terms for 
Windows & Doors

• U-Factor 
• Solar Heat Gain Coefficient
• Visible Light Transmission
• Air Leakage

Most of the improvements in window design revolve around four measurable aspects of energy efficiency and comfort. 
These include insulation, heat transfer, light transfer, and air sealing. Of these four factors, U-factor and SHGC have the 
biggest impact on building energy usage. Manufacturers include information about the performance of their products 
via labels provided by the National Fenestration Ratings Council, or NFRC.

When it comes to energy efficiency, the glazing, including the type of glass, the presence of coatings, number of panes, 
and what type of gas is used between the panes, all have an impact; however, the framing material and how the glazing 
is attached to the frame are also factors.

Residential Windows, doors and skylights are evaluated through the US Department of Energy’s Energy Star program. 
Products that meet the criteria can earn the Energy Star label and are estimated to reduce energy bills and carbon 
footprints by at least 12 percent, compared to unlabeled products.
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U-Factor
• Describes the amount of heat loss 

through the entire window, door or 
skylight unit
 (Btu/hr /Degree F /sq. ft.)

• Lower U-Factor = lower heat loss through 
the window = lower heating and/or 
cooling costs

• U-Factor is regulated by code

The laws of thermodynamics tell us that anytime you have a temperature gradient, heat moves from the warmer object 
to the colder. For example, when the temperature inside a structure is warmer than the outside, heat will be lost 
through the window, door or wall to the outside. The U-factor of a window describes the amount of heat lost through 
the entire window, door, or skylight unit. The lower the U-Factor rating, the less heat is lost and the more efficient the 
window will be.

U-Factors are defined in BTU/ per hour / per degree Fahrenheit  / per square foot. The inverse of U-Factor is R-value, 
which represents resistance to heat loss.  The higher the R-value, the more resistance to heat loss.  R4 is roughly 
equivalent to a U-Factor of 0.25 (1 ÷ 4 = 0.25). Windows, doors and skylights are rated using U-Factor instead of R-value 
because the R-value test is designed for materials that are homogeneous throughout—insulation is a good example. 
Because windows, doors and skylights are made of many components and materials, the U-Factor rating is more 
appropriate.

U-factor is regulated by codes, which set maximum values for fenestration which change according to climate zone, with 
cold climates having more stringent requirements.
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Solar Heat Gain 
Coefficient (SHGC)
• SHGC measures the fraction of incident solar 

radiation transmitted through the window as 
heat.

• Lower SHGC = lower the heat gain through the 
window = lower cooling costs

• Measures heat loss through entire unit.
SHGC is regulated by code

The solar heat gain coefficient (SHGC) describes heat gain through a window. In more technical terms, it describes the 
fraction of incident solar radiation that is transmitted through the window as heat. The lower the SHGC, the less heat 
gain, which translates into lower cooling costs and greater comfort.

A lower SHGC may also enable a smaller tonnage air conditioner for the structure, which could mean lower first costs 
and potentially lowered operating costs. As with U-value, SHGC is regulated by building codes, which establish 
maximum values for fenestration based on climate zone.

The NFRC rates the total unit, taking into account the thickness or width of the frame and the sash profile. A wider 
frame will yield a slightly lower SHGC than a narrower frame profile using the same type of glass. Similarly, grilles will 
diminish SHGC slightly when compared to products without grilles.
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Visible Light 
Transmittance (VT)

• VT describes the amount of visible light 
transmitted 

• VT considers the solar spectrum between 360 
to 760 nanometers

• Higher VT = more light is transmitted  (Values 
range from 0 to 1.0)

• High visible transmittance is desirable to 
maximize daylight contribution

• VT is regulated by some state energy codes 
such as the California energy code

Visible Light Transmittance (VT) is an optical property that describes the amount of light that enters the room through 
the product. VT is a whole window rating that includes the frame. VT is measured on a scale of 0 to 1; the higher the VT, 
the more light is transmitted and the more light the occupant sees. Values generally range from 0.20 to 0.80.

Visible light is desirable to maximize daylight, but it must be balanced with other desired characteristics. Factors that 
influence VT include the glazing type, number of panes, and the presence of coatings. VT decreases somewhat when a 
low-emittance (low-e) coating is added and decreases substantially when the unit is tinted. Additional layers of glass 
also decrease VT. Finally, wider and more robust frame sizes, such as those found in many vinyl windows, can also 
decrease the proportion of glazing, which can also lower the VT rating.



VT Performance Values
• Total unit VT takes into account the frame and sash
• Glass Only VLT measures the glass only

Comparison of “Total Unit NFRC Certified” Visible Transmittance (VT) vs. Glass Only Visible Light Transmission (VLT)

  GLASS TYPE                        NFRC TOTAL UNIT VT        GLASS ONLY VLT

  Clear Dual Pane             0.62 (62%)                        83%

   Low-E 272    0.54 (54%)                    73%

   Low-E 240    0.30 (30%)                   40%

   Low-E 366    0.48 (48%)                      66%

As noted, the NFRC rates the total unit and accounts for the thickness of the frame profile is taken into account.  A narrower frame 
will yield a higher Visible Light Transmittance than a wider frame profile using the same type of glass. Similarly, grilles will diminish 
VT when compared to products without grilles.

This chart on this slide shows the difference between “total unit” visible transmittance (VT) compared to “center of glass only” 
visible light transmission (VLT). As you can see, the amount of light transmitted through the total unit is less than the visible light 
transmission through the glass only. Note also the difference between clear dual pane glass and glass with low-E coatings.

Note: Glass values for Casement Windows without grilles taken from 2013-14 AW Product Guide
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Air Leakage (AL)

• Heat loss and gain occurs via infiltration through 
cracks or gaps in the window assembly

• Expressed in cubic feet per minute per square 
foot of window area  (cfm/sq ft)

• Lower air leakage = less air through the window 
assembly

• Air Leakage is regulated by code

Architects and buildings are increasingly recognizing the role of air leakage in energy performance. Heat loss and gain 
occur when air infiltrates through cracks and gaps in the window assembly. Air Leakage, or AL, measures the rate at 
which air passes through joints in the window. AL is measured in cubic feet of air passing through one square foot of 
window area per minute. The lower the AL value, the less air leaking through the window.  While the IBC dictates that 
commercial projects have .20 or less air leakage rate, most industry standards and building codes require an AL of 0.3 
cfm/ft². The AL value appears on the NFRC label.



Cost 
Comparisons
• Simple “sticker price” evaluations do not tell 

whole story
• Early replacement of inexpensive windows 

can negate upfront savings
• Excessive painting, repair, and maintenance 

will impact commercial building profits

When evaluating the cost of windows, specifiers should look beyond the initial upfront cost. Replacement and maintenance costs 
should be included in the evaluation. Early replacement of an inexpensive window can end up being more financially burdensome 
than a higher priced, and more durable window. Maintenance requirements, including painting, staining, and general repair, should 
also be factored in. This is especially important in commercial project, where labor and material costs can add to the operational 
overhead and cut into profits. Finally, the specifier should evaluate the product warranty. Inexpensive products tend to have 
shorter warranties, whereas high-quality products may have longer and more comprehensive ones.
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Warranties
• Cheaper products usually have poor warranties
• Warranty may not cover all aspects of product
• Lifetime usually refers to how long window is expected to maintain quality

A product’s warranty is an important but often undervalued aspect of window selection. 
Warranties can range from a few years to 20 or more. In general, cheaper, lower-quality products are warrantied for shorter 
periods of time, while more expensive, high-quality products have longer warranties. In any case, it’s important to understand the 
term “Limited Lifetime.” Determined by the manufacturer, this refers to the period of time during which the window is expected to 
maintain its quality. Typically, a limited lifetime warranty will cover aesthetic and performance defects. Examples of issues that are 
typically covered under a warranty include malfunctioning hardware, gas leakage from insulated windows that exceeds typical 
expected leakage rates, frame material degradation, and color defects. Some manufacturers offer “True Lifetime” warranties, 
which cover the product for as long as the building owner owns the building.

The warranty may only apply to the specific part of the window affected, and it may not cover the labor required to fix it. It’s also 
important to be aware of loopholes in warranties. For example, some warranties will not cover a product if it is installed within a 
certain radius of a body of water, and some warranties are void if the windows are not installed by a professional contractor.
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Structural Strength
• Windows must maintain structural strength over time and when exposed to a range of conditions
• Strength depends on glazing, frame materials, connections, and installation
• IBC testing requirements 
- AAMA/WDMA/CSA 101/I.S.2/A440 
- ASTM E330

Example of AAMA labels here: http://aama-media.s3.amazonaws.com/7f4933c0-371a-11e6-abe3-2f6cdbeda23a.pdf

Windows, doors, and skylights must maintain their structural integrity over time and in the face of a range of environmental 
conditions. Strength depends on glazing, frame materials, connections, and installation. In addition, issues such as moisture 
intrusion can compromise structural strength over time. Windows are tested for several aspects of strength, including pressure 
loading, air and water infiltration, and impact resistance. In certain cases, a specifier may want units that have been tested for blast 
resistance.

Both the IRC and IBC contain specific requirements for the wind resistance of windows and doors. The IBC requires windows and 
doors to be tested using one of two methods: Section 1714.5.1 allows doors and windows to be labeled per AAMA/WDMA/CSA 
101/I.S.2/A440. This standard, called North American Fenestration Standard/ Specification for Windows, Doors and Skylights, 
establishes Performance Grade as the rating used to describe products that comply to the standard. To qualify for a PG rating, the 
product must comply with the structural loading requirement plus several other performance requirements, including air 
infiltration resistance, water penetration resistance, ease of operation and resistance to forced entry.

Section 1714.5.2 allows doors and windows to be tested per ASTM E330. This test method describes is a standard procedure for 
determining structural performance under uniform static air pressure difference and is intended to represent the effects of a wind 
load on exterior building surface elements.

The AAMA also hosts a voluntary certification program. Products can earn a label if a sample passes required performance tests for 
resistance to air leakage, water penetration and wind pressure. See a sample label here: 
http://aama-media.s3.amazonaws.com/7f4933c0-371a-11e6-abe3-2f6cdbeda23a.pdf

Source: 
https://www.andersenwindows.com/-/media/aw/files/technical-docs/performance/performance-windows-patiodoors-centerofgla
ssperformance--100series.pdf
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Durability
• Operational performance on a daily basis
• Thermal expansion plays a key role in 

durability
• Minimal expansion safeguards against 

warping and air leakage Composite, Pine                         Vinyl, Aluminum

Durable and Reliable
Thermal Expansion

Durability is a measure of how well the window performs from an operational standpoint. The ability for a window to weather the 
normal daily abuses will determine how well the product performs over time. Resistance to thermal expansion is a key aspect of 
durability. When frame materials expand and contract, tiny cracks can develop, which allow air and moisture to infiltrate. Durability 
is also affected by location; for example, exterior windows in coastal zones are exposed to high winds and corrosive salts, which can 
compromise the window over time if it the frame material is vulnerable to corrosion. The window should also have high-quality 
weatherstripping that will not degrade over time. As with strength, durability depends on proper installation and maintenance. 

Good resource:

https://www.efficientwindows.org/new_durable.php
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Sustainability
• Energy performance
• Low emissions and chemical exposure for 

humans
• Materials sourcing
• Manufacturing process: waste, water, 

energy carbon emissions
• Maintenance requirements
• Recyclability

Sustainability is a complex concept that actually includes several attributes, the most obvious being the product’s energy 
performance.  But it’s also to consider the product’s impact on health and the environment. Is the product constructed of 
responsibly sourced materials? Is the manufacturing process energy-intensive, or does it cause harmful emissions or excessive 
waste? Is the manufacturer taking steps to reduce the carbon footprint of its products? Does the product require maintenance such 
as painting or staining? Do those paints and stains contain potentially harmful chemicals such as volatile organic compounds, or 
VOCs? And finally, what happens to the product at the end of its life? Can it be recycled, or if sent to the landfill, will it potentially 
leach harmful substances into the soil?
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Life-cycle Analysis
• Life-Cycle Assessment (LCA) 
- Quantifies product impacts throughout life cycle

• Environmental Product Declaration (EPD) 
- Document which summarizes Life-Cycle Assessment (LCA) data
- Independently verified and registered
- Relevant standard: ISO 14025

Life-cycle analysis, or LCA, is a process that evaluates the total environmental impacts of a product throughout its life cycle, 
including raw materials extraction, manufacture, transportation, use, maintenance, and end of life. The data gathered in a LCA can 
be summarized in a related document called an Environmental Product Declaration. An EPD is an independently verified and 
registered document that enables specifiers to compare information about a product’s life-cycle impacts. Note that just because a 
product has an EPD, it is no necessarily “environmentally superior” to others
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Certifications
• Forest Stewardship Council (FSC) and Sustainable Forestry Initiative Certification (SFI) (wood 

products)
• Energy Star (identifies energy-efficient products; residential only)
• Declare and/or Health Product Declaration (identifies all product “ingredients”)
• SCS Indoor Advantage and GREENGUARD

Certifications help identify different aspects of sustainability. 
Window products which contain wood, including all-wood, clad wood, and many composites, can be certified through the Forest 
Stewardship Council and Sustainable Forest initiative. These two organizations certify that the materials used in construction of 
building products were grown and harvested in sustainable forests. Manufacturers have the ability to choose where the wood they 
use comes from, and healthy forestry practices help ensure natural resources for the next generation.
Energy Star is a federal program that identifies energy-efficient products. Energy Star labels are available for residential windows, 
doors, and skylights.

Declare is a voluntary labeling program hosted by the International Living Future Institute, or ILFI. Declare labels include 
information about where a product comes from, what it is made of, and where it goes at the end of its life.

Several certification programs identify products that meet certain criteria for emissions of harmful chemicals such as formaldehyde. 
SCS Indoor Advantage is a voluntary certification label for products that meet certain thresholds for VOC emissions. GREENGUARD 
certification is available through UL Environment. Its standards are aligned with SCS.
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Section 3
Comparing performance attributes of 
different window styles and materials 

This section will use information provided in the previous two sections to help compare and contrast the different window 
materials and cladding types introduced in Section 1.  
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Basic Comparisons

• Energy efficiency
• Durability and structural strength
• Overall longevity 
• Cost, including cost of maintenance and early replacement 
• Environmental sustainability
• Aesthetics

As we saw in the previous section, specifiers must balance several different attributes when comparing window frame and cladding 
materials. These attributes include energy efficiency, durability and decay resistance, structural strength, costs, including the cost 
of maintenance, environmental sustainability, and of course, aesthetics. 
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Energy Efficiency
• Most frame material types can be part of 

energy-efficient unit
• Look for aluminum frames with thermal 

breaks
• Look for insulated vinyl and fiberglass frames
• Use NFRC and Energy Star labels to compare 

products

Though of course the glazing has the biggest impact on energy efficiency, the frame material is important, too. Almost all of the 
window frame materials can be used to create a highly energy-efficient unit.

Although very strong, light, and almost maintenance free, metal or aluminum window frames conduct heat very rapidly, which 
makes metal a very poor insulating material. To reduce the transfer of heat, some manufactures include a thermal break, typically 
an insulating plastic strip placed between the inside and outside of the frame and sash.

Wood window frames insulate relatively well. Wood windows with metal cladding may slightly lower thermal performance, but the 
reduced maintenance will likely make it a worthwhile trade-off.

Fiberglass window frames are dimensionally stable and have air cavities that can be filled with insulation, giving them superior 
thermal performance compared to wood or uninsulated vinyl. 

Composites are very stable, they have the same or better structural and thermal properties as conventional wood, and they have 
better moisture and decay resistance.

The hollow cavities of vinyl frames can be filled with insulation, which makes them thermally superior to standard vinyl and wood 
frames.

You can use NFRC and Energy Star labels to compare products based on standard aspects of energy performance: U-factor, SHGC, 
and Visual Transmittance.
https://www.energy.gov/energysaver/window-types-and-technologies
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Cost Comparisons

• Bronze or copper-clad Highest first cost
• Aluminum-clad wood
• Vinyl-clad wood
• Wood
• Fiberglass and Composite
• Vinyl
• Aluminum Lowest first cost

When it comes to first cost, wood windows and wood windows with cladding tend to be the most expensive, followed by fiberglass 
and composites, vinyl and aluminum. Specialty products such as bronze or copper-clad windows are at the highest end of the cost 
spectrum. Windows that score high on energy efficiency cost more, but will save money in the long run. For example, the US 
Department of Energy estimates that windows with low-E coatings are 10 to 15 percent more expensive than those without. 

Wood windows also require much more maintenance than most of the other types, as the stain or paint must be kept up to 
prevent moisture intrusion. The other window types, including wood windows with cladding, are nearly maintenance free. 

Replacement cost is another factor to consider. Some windows types are designed to last longer than others. A product’s warranty 
will provide clues about the window’s expected lifetime. 
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Structural Strength

• Aluminum Highest

• Fiberglass and composites

• Wood

• Vinyl Lowest

Aluminum frames are extremely strong—in fact, it is one of this window type’s distinguishing characteristics, as its strength enables 
thinner frames with narrow sightlines-a look often desired in modern building projects. Fiberglass and composite materials are also 
designed to have superior structural strength. Windows made with these materials retain their stability in all climates because 
composite materials do not expand or contract due to extreme temperature changes. Fiberglass and composites also perform well 
during extreme wind load tests, a key consideration in areas prone to high wind events like hurricanes. Aluminum, wood and vinyl 
are poor choices for coastal regions. Aluminum is prone to corrosion from salts; vinyl lacks the structural strength of alternatives, 
and wood is prone to moisture damage. 
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Durability and Maintenance

• Aluminum: Easily dented or marred; low maintenance
• Wood: Durability can be compromised if not maintained
• Clad wood: Durable and low maintenance
• Fiberglass: durable but require maintenance if painted 
• Composites: durable and low maintenance
• Vinyl: Can be prone to warping due to thermal expansion; low maintenance 

Aluminum and aluminum clad windows, especially rolled clad aluminum, can easily be dented, scraped and marred. Aluminum also 
readily conducts heat, which can encourage condensation. However, aluminum windows that include thermal breaks reduce 
conduction and improve condensation resistance. 

Wood windows, if properly maintained, can last for decades; however, windows clad with aluminum or other material enjoy the 
benefits of low maintenance and enhanced durability with the aesthetics of wood on the interior. Keep in mind that not all clad 
windows are created equal. Look for products with thicker, more substantial cladding layers to ensure they won’t be compromised 
over time.

Thermal expansion due to temperature changes can potentially twist or otherwise warp window frames, which can lead to air and 
water leakage and issues with operation, as the window doesn’t properly “fit” anymore. These can be costly maintenance issues 
and also significantly decrease the energy efficiency of window. Conventional vinyl frames will expand and contract a great deal in 
response to temperature changes, making them prone to warping. However, more recent designs have improved dimensional 
stability and resistance to UV radiation and temperature extremes. 

Composites and fiberglass resist thermal expansion and will remain true regardless of the season or temperature.

https://www.efficientwindows.org/new_durable.php
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AAMA Standards

• American Architectural Manufacturers Association (AAMA)
• Create standards and product certifications for the building industry
• Window cladding materials are evaluated for durability and paint retention
• Aluminum cladding: AAMA 2605, 2604, 2603
• Fiberglass coatings: AAMA 623, 624, 625
• Vinyl and Composites: AAMA 613, 614, and 615 

Paint standards: AAMA 
2605, 2604, and 2603: 
https://linetec.com/paint/aa
ma-specifications/

The American Architectural Manufacturers Association, or AAMA, has established standards for paints and finishes. 

The AAMA has established three standards for paints: AAMA 2605, AAMA 2604, and AAMA 2603. These standards evaluate paints 
and finishes for color retention and chalk resistance over a period of time. Abrasion and gloss retention tests are also performed, 
and samples are subjected to salt spray and humidity for a certain number of hours. AAMA 2605 is the most stringent and is 
reserved for products and materials that can endure 10-year color retention and chalking test. Painted materials must use a 70% 
PVDF coating to achieve this highest standard. 

The AAMA also has standards for coatings on aluminum, vinyl, and composite frames. AAMA 613, 614, and 615 are the standards 
for vinyl and composites, whether solid composite frames or composite cladding. AAMA Standards 623, 624, and 625 are used for 
coatings for thermoset profiles, including fiberglass frames. These standards are very similar to the 2603-2605 standards in both 
expectations of durability and how effectively the paint adheres to the materials. 
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Sustainability: 
Sourcing and 
Manufacturing
• Aluminum: energy-intensive to 

manufacture but has long life span
• Wood: can be sourced from 

sustainably-managed forests
• Composites: often use recycled materials 

or by-products
• Vinyl: hazardous chemicals required for 

manufacture, harmful emissions can 
result. Also potential negative end-of-use 
issues.

An important aspect of sustainability is the source of the materials and the impacts of the manufacturing process. Some 
manufacturers publish environmental product declarations, or EPDs, which include information about the life cycle impacts of their 
products. These can help specifiers weight the environmental impacts with other aspects, such as durability and energy 
performance.

For example, the production of aluminum is energy intensive; however, the material is easily recycled and lasts a long time. Wood 
is a renewable resource, and it’s possible to ensure the wood used in window products is sourced from forests that are being 
responsibly managed. 

Composites are often made with recycled materials, or with the by-products, such as wood fiber, from other manufacturing 
processes. The proportion of recycled content can vary from one manufacturer to another.

Vinyl is a problematic material in that it is not only energy intensive, but produces harmful emissions during the manufacturing 
process, or when it is incinerated.
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Sustainability: recyclability

• Aluminum Easy to recycle
• Steel
• Glass
• Wood
• Composites
• Polyvinyl Chloride (PVC) 
• Fiberglass  Difficult to recycle

When evaluating total life cycle impacts, it’s important to consider what will happen to the window products once they have 
reached the end of their service life. Many frame and cladding materials can be easily recycled, especially metals. Wood is a 
renewable resource, can be re-purposed or composted as it is biodegradable; however, the presence of stains or paints may make 
it harder to recycle. Composites can be recycled, though access to facilities that do so may be challenging. Vinyl is the most difficult 
and costly material to recycle.
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Right Window, 
Right Application

• Aesthetics and architectural context
• Environmental conditions
• Climate zone
• Total life cycle costs
• Environmental impact

When selecting windows, there are many criteria to consider and balance. Obviously, aesthetics and the architectural context are 
important, and the products must meet the relevant codes for that jurisdiction. But it’s important to go “beyond code” and 
consider the specific environmental conditions to which the windows will be exposed, both on a daily basis and during extreme 
events. 

Consider the climate zone. An aluminum window might not be a good choice for a cold climate where condensation can be an 
issue, or on the coast, where corrosion can compromise the material, but it may be appropriate for a commercial building in 
another climate. Similarly, all-wood windows may be a good option for a building in an historic district, but not in a coastal zone. 

Consider not only the first cost, but the life cycle cost of the windows, including how they will impact building energy use. Consider 
the product’s environmental impact, and consider favoring manufacturers who have a proven track record when it comes to 
environmental responsibility and transparency. It’s a complex process, but fortunately, there are many available resources to help 
ensure you choose the right window for the right application. 
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AIA/CES Presentation 
Thank you for your time!

This concludes The American Institute of 
Architects
Continuing Education Program.

Andersen Windows, Inc. 
www.andersenwindows.com

For further information contact:

Andersen Windows, Inc. 

www.andersenwindows.com

Steve Berg   or   Blaine Haywood AIA

651.264.5150



Resources
• https://www.fema.gov/media-library-data/20130726-1707-25045-9020/chapter10.pdf

• https://www.energy.gov/energysaver/window-types-and-technologies

• http://energy.gov/energysaver/articles/energy-performance-ratings-windows-doors-and-skylig
hts 

• http://www.energystar.gov/index.cfm?c=windows_doors.pr_ind_tested

• http://energy.gov/energysaver/articles/window-types

• http://www.aamanet.org/upload/file/2603-2604-2605_Comparisons_4-6-11.pdf
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