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Using Aluminum Extrusions to Meet the Challenge 

of Sustainable Buildings 

Aluminum Extruders Council 

1000 N Rand Rd, Suite 214 

Wauconda, IL 60084 

 
Provides an overview of evolving green/energy codes and their impact on the specification of 

aluminum extrusion-based building components; presents alternative thermal management 

technologies and illustrates how aluminum extrusions can contribute to “green” commercial 

structures. Note: This course is not intended to be a primer on aluminum extrusions. Basic 

information about extrusions and the extrusion process can be found in the course “Aluminum 

Extrusions.”  

 

To ensure the accuracy of this program material, this course is valid only when listed on AEC 

Daily’s Online Learning Center. Please click here to verify the status of this course.  

If the course is not displayed on the above page, it is no longer offered.  

This course is approved by other organizations. Please click here for details. 

The American Institute of Architects · Course No. AEC832 · This program qualifies for 1.0 LU/HSW Hour. 

 

AEC Daily Corporation is a Registered Provider with The American Institute of Architects Continuing Education Systems (AIA/CES). Credit(s) 

earned on completion of this program will be reported to AIA/CES for AIA members. Certificates of Completion for both AIA members and non-

AIA members are available upon request. This program is registered with AIA/CES for continuing professional education. As such, it does not 

include content that may be deemed or construed to be an approval or endorsement by the AIA of any material of construction or any method 

or manner of handling, using, distributing, or dealing in any material or product. Questions related to specific materials, methods, and services 

will be addressed at the conclusion of this presentation. 

 

Presented by:  

Description: 

https://www.aecdaily.com/sc.php?node_id=1691968&tabidx=corporate&company=Aluminum+Extruders+Council
http://www.aecdaily.com/faculty_bio.php?parent_id=1815463
http://www.aecdaily.com/forums.php?node_id=1815463
http://www.aecdaily.com/course.php?node_id=1815463&tabidx=viewcoursedetails&company=Aluminum+Extruders+Council
http://www.aecdaily.com/course.php?node_id=1815463&tabidx=viewcoursedetails&company=Aluminum+Extruders+Council


©2015 ∙ Table of Contents 

 

• About the Instructor                                                    • About the Sponsor                                                         • Ask an Expert 

Slide 3 of 87 < > 

AEC Daily Corporation has met the standards and requirements of 

the Registered Continuing Education Program. Credit earned on 

completion of this program will be reported to RCEP at RCEP.net.  

A certificate of completion will be issued to each participant. As 

such, it does not include content that may be deemed or construed 

to be an approval or endorsement by the RCEP. 
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Purpose and Learning Objectives 

Purpose: Provides an overview of evolving green/energy codes and their impact on the 

specification of aluminum extrusion-based building components; presents alternative 

thermal management technologies and illustrates how aluminum extrusions can contribute 

to “green” commercial structures. Note: This course is not intended to be a primer on 

aluminum extrusions. Basic information about extrusions and the extrusion process can be 

found in the course “Aluminum Extrusions.”  

 

Learning Objectives: 
 

At the end of this program, participants will be able to: 
 

• identify the impact of the “new generation” of energy and green construction codes on 

the required thermal performance of extrusion-based building components 

• assess alternative thermal management approaches for aluminum extrusions 

• quantify the sustainable characteristics of extruded aluminum building products, and 

• present extrusion-based solutions to some of today’s building design challenges in light 

of the increasing demand for green buildings. 
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How to Use This Online Learning Course 

• To view this course, use the arrows at the bottom of each slide or the up and down 

arrow keys on your keyboard. 

 

• To print or exit the course at any time, press the ESC key on your keyboard. This will 

minimize the full-screen presentation and display the menu bar. 

 

• Within this course is an     exam password that you will be required to enter in order to 

proceed with the online examination. Please be sure to remember or write down this 

exam password so that you have it available for the test. 

 

• To receive a certificate indicating course completion, refer to the instructions at the end 

of the course. 

 

• For additional information and post-seminar assistance, click on any of the logos and 

icons within a page or any of the links at the top of each page. 
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Extrusion in Commercial Buildings 
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Introduction 

Aluminum extrusions are one of the 

preferred materials for commercial 

construction due to their unique 

combination of attributes, including: 

• lightweight strength 

• design flexibility 

• longevity 

• low maintenance, and 

• sustainability (recyclability and high 

recycled content potential). 

 

With this highly workable material, 

architects can create—not choose—

shapes that yield functionality and 

aesthetics, while providing superior 

cost effectiveness and sustainability. 

 

 

 

 

Image 1: The Michael Lee-Chin Crystal building, an 

addition to Toronto’s Royal Ontario Museum. Over 18 

miles of aluminum extrusions (90,000 square feet) were 

used in the structure.  
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Applications 

Whether they arrive on site as part of a building 

element produced by others, or as a custom 

component designed to create a unique statement, 

aluminum extrusions find a wide range of 

applications in commercial buildings. A review of 

some of these applications follows. 
 

Fenestration 

• Window and door applications (including 

hurricane-, forced entry-, tornado- and blast-

resistant systems) 

• Store fronts and curtain walls 
 

Energy Management 

• Sun shades and louvers 

• Light shelves 

• Photovoltaic (PV) panel framing and mounting 

• Rainscreen mounting 
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Applications 

Skylights and Canopies 

• Sunrooms 

• Atriums and enclosures 

• Observatories 

• Gates and archways 

 

Structural 

• Bridge decks 

• Space frame systems 

• Garages and parking 

covers 

• Geodesic domes and 

structures 

 

 
Image 2: Top left 

Image 3: Middle right 

Image 4: Bottom left 
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Applications 

Interior Elements 

• Panel systems and cubicles 

• Elevator cab framing  

• Light housings and grids 

• Demountable interior walls  

• Railing systems 

• Decorative screens 

 

While aluminum extrusions are often a 

predetermined element in a building 

product, custom shapes can pique the 

imagination of designers and architects. 

 

 

 

Image 5: Top 

Image 6: Bottom 
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Why Extrusion? A Few Facts 

Lightweight 

 

Aluminum is lightweight (low density)—about ⅓ of the weight of copper or steel—yet it is 

one of the strongest construction materials available.  

 

Aluminum’s high strength-to-weight ratio means that less of a building’s structure is spent 

supporting its own weight. It also means that relatively slim extruded sections can support 

wide spans of glass, yielding narrow sight lines. 

 

Buildings in seismic zones benefit even more from reduced weight, since seismic forces 

are proportional to the structure’s weight. 

 

Aluminum also offers undiminished structural integrity over a long service life. 
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Why Extrusion? A Few Facts 

Structural Strength 

 

Aluminum’s structural strength and stability is consistently strong, even under extreme 

conditions and temperature changes. Where plastics may become brittle at low 

temperatures, aluminum actually becomes even stronger at extremely cold temperatures, 

which is why NASA chooses it for many aerospace applications. 

 

Aluminum: 

• is 34 times stronger than vinyl 

• is 43 times stronger than wood, and 

• when appropriately alloyed and treated, can be stronger than some steels, with 

ultimate tensile strengths as high as 80,000 psi to 90,000+ psi. 
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Why Extrusion? A Few Facts 

Tensile Strength 

 

Aluminum’s tensile strength and structural stability and rigidity mean that extruded 

aluminum building components are more resistant to deformation caused by 

environmental changes and building movement. Aluminum’s unique enduring properties 

guarantee long-term performance with minimal maintenance. 

 

• Structural integrity is judged based upon the ability of a material to withstand loads—

i.e., its strength. 

 

• Tensile strength determines maximum load a material can carry under tension (when 

stretched).   

 

The structural stiffness and strength of aluminum combine with its light weight and ease 

of fabrication to form an ideal building material. 
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Why Extrusion? A Few Facts 

Modulus of Elasticity (E-value)  

 

The modulus of elasticity (E-value) indicates rigidity (stiffness) or resistance to bending. 

 

In terms of E-value, aluminum has greater resistance to deformation than either wood or 

vinyl; aluminum is 72 times more rigid than wood, and 23.2 times more rigid than vinyl 

(PVC). 

 

By using extruded aluminum for window frames and curtain walls, manufacturers can 

design slimmer, more elegant framing without sacrificing strength and rigidity. Slimmer 

frames mean larger glass areas and more natural daylighting.  
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Why Extrusion? A Few Facts 

Extrusions Offer Design Flexibility at a Modest Cost  

 

Aluminum is ductile and easily formable, and can be extruded into a vast array of shapes, 

including complex, multi-void hollows, and customized designs. Extrusions provide for the 

placement of metal precisely where it’s needed. Tight tolerances, even on thin-walled 

extrusions, can be consistently maintained. And both costs and lead-times for aluminum 

extrusion tooling are usually substantially less than for other processes (often a few 

weeks versus 12–20 weeks for alternatives).  
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Why Extrusion? A Few Facts 

Resists the Ravages of Time and 

Temperature 

 

Aluminum retains its physical properties over 

time. It’s also impervious to humidity, 

temperature and warping, or becoming 

brittle; that translates to a longer service life. 

Because aluminum doesn’t absorb moisture, 

it won’t swell, shrink, split, crack, rot, or rust. 

 

 In terms of appearance, aluminum’s corrosion resistance means that a building’s façade 

will retain the finishes and visual appeal envisioned by the designer through decades of 

wear.  

 

As previously mentioned, extruded aluminum building components resist deformation 

caused by climate changes and building movement. Thus, extrusions retain their basic 

structure, strength, stability, and durability, and preserve their resistance to water and air 

infiltration. 
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Why Extrusion? A Few Facts 

Aluminum is Sustainable 

 

Recyclability: 

• Aluminum is 100% recyclable with high scrap value. 

• Aluminum can be repeatedly recycled, retaining the 

same material physical properties. 

• 73% of all the aluminum ever produced is still in use 

today. 

 

Recycled aluminum retains value: 

• At the end of its life, aluminum is 100% reusable.  

• In a 2004 study, the Delft University of Technology 

found that “95% of the aluminum used in building and 

construction is recycled at the structure’s end-of-life.” 

• During deconstruction, aluminum is extracted for scrap 

value, rather than disposed into landfills, thereby 

reducing its environmental impact. 

https://www.aecdaily.com/sc.php?node_id=1691968&tabidx=corporate&company=Aluminum+Extruders+Council
http://www.aecdaily.com/faculty_bio.php?parent_id=1815463
http://www.aecdaily.com/forums.php?node_id=1815463


©2015 ∙ Table of Contents 

 

• About the Instructor                                                    • About the Sponsor                                                         • Ask an Expert 

Slide 19 of 87 < > 

Today’s Challenges for Commercial Buildings 
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Today’s Challenges for Commercial Buildings: 

Introduction 

This section of the course begins with a discussion of 

some of today’s architectural and design challenges 

involving commercial building performance, followed by 

a review of the pay-offs of sustainable design. 

 

Architectural Challenges: 

• Reducing energy and resource consumption 

• Increasing code adoption and enforcement 

• Increasing stringency of the energy codes  

• Growing demand for sustainable buildings  

• Greater focus on occupant health 

• LEED® certification 

• Impact resistance requirements 
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This chart provides an overview of energy use in 

the U.S. in various sectors, including commercial 

and residential buildings. 
 

Listed below are some facts pertaining to energy 

consumption. 

• Buildings use over 40% of ALL  

U.S. energy consumed, up from about 34% in 

1980. 

• 72% of all electricity and 54% of all natural gas 

in the U.S. is consumed in buildings.  
 (U.S. Department of Energy - http://energy.gov/)  

• Buildings use 40% of the world’s raw 

materials—3 billion tons per year. 
(Worldwatch Institute - http://www.worldwatch.org/) 

• 170 million tons of U.S. building-related 

construction and demolition debris is generated 

every year. (U.S. Environmental Protection Agency - 

http://www.epa.gov/) 

 

Challenge: Reducing Energy & Resource 

Consumption 

Source: EIA, Annual Energy Outlook 2014 
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To expand on the chart on the previous slide, 

buildings are monopolizing our energy resources, 

more so than the transportation industry. 

Consequently, it is important to specify green 

solutions and products for our built environment. 

Green design and building technologies lower 

construction costs, reduce operating expenses, 

and conserve our natural resources.  

 

Aluminum extrusions can be part of a sustainable 

solution, offering many positive sustainability 

benefits. Often their greatest environmental 

benefit comes in use (i.e., from the reductions in 

environmental impact realized from more efficient 

products). 
 

 

Challenge: Reducing Energy & Resource 

Consumption 
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U.S. commercial* energy codes are dominated by two national model codes: 

• ASHRAE 90.1 “Energy Standard for Buildings Except Low-Rise Residential Buildings” 

• IECC - International Energy Conservation Code (also gives the builder the option to 

use ASHRAE 90.1) 

 

Although the national model codes are the major driving force for building energy 

efficiency, they have no power until they are adopted by the local jurisdiction. Adoption 

and enforcement policies differ significantly across the country. 

 

It is important to note that local codes will vary. In addition, states and cities have been 

establishing policies around building energy use; these can include requiring buildings to 

achieve certain energy efficiency benchmarks or mandating that buildings disclose their 

energy consumption. 

 

 

 
*Note: “Commercial” also includes mid-rise and high-rise residential buildings over three stories and all hotels. 

 

 

 

 

Challenge: Increasing Code Adoption & 

Enforcement 

https://www.aecdaily.com/sc.php?node_id=1691968&tabidx=corporate&company=Aluminum+Extruders+Council
http://www.aecdaily.com/faculty_bio.php?parent_id=1815463
http://www.aecdaily.com/forums.php?node_id=1815463


©2015 ∙ Table of Contents 

 

• About the Instructor                                                    • About the Sponsor                                                         • Ask an Expert 

Slide 24 of 87 < > 

This map shows commercial state energy code status as of February 1, 2015. 

 

 

Challenge: Increasing Code Adoption & 

Enforcement 
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This graph illustrates the U.S. commercial sector floor space covered by energy 

benchmarking, or disclosure requirements, as of January 1, 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Challenge: Increasing Code Adoption & 

Enforcement 

Developments in 2014 included: (i) Montgomery County (MD) passing a bill requiring 

annual benchmarking for large non-residential buildings; and (ii) Cambridge (MA) city 

council approving an ordinance to require benchmarking and disclosure of building 

energy performance for large commercial, institutional, and multifamily buildings. 

 
Source: Bloomberg. “Sustainable Energy in America, 2015 Factbook.” 
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The energy use of a 

building constructed to 

ASHRAE 90.1 has been 

cut in half since its 

inception. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Challenge: Increasing Stringency of the Energy 

Codes  

Trend in Code Stringency for Overall Buildings – ASHRAE 90.1 
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As the stringency of overall building 

codes has increased, so has the 

stringency in commercial window 

performance. 

 

For example, for a commercial 

building in Chicago (zone 5) over the 

last 10 years: 

• There has been a 25% reduction in 

U-factor in ASHRAE 90.1. 

• There has been a 33% reduction in 

U-factor in IECC, and 

• The maximum solar heat gain 

coefficient (SHGC) has remained 

stable at 0.40 (0.25 in southern 

regions). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Challenge: Increasing Stringency of the Energy 

Codes  

Note: These are for metal-framed products. Non-metal 

product requirements are different. All U-factors are 

whole assembly including the framing, not just center-of-

glass. 
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Energy codes are all 

around us.  

 

Each state, county, or city 

has building codes that 

also include requirements 

for building energy 

efficiency. This includes 

requirements for the 

thermal performance of 

windows, doors, and 

skylights, based upon 

location or climate zone.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Challenge: Increasing Stringency of the Energy 

Codes  

Climate zones used by the International Energy Conservation Code (2015) 

and ASHRAE 90.1-2013. 

 

Note that a revised map will be used in ASHRAE 90.1-2016 where some 

climate zone boundaries move, based on updated weather data. 
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This table shows the recent evolution in U-factor requirements for windows, curtain walls, 

storefronts, and glazed doors under the two major energy efficiency standards.  

 

                   Base Energy Code U-factors – Vertical Fenestration/Commercial 

 

 

 

 

 

 

 

 

 

 

 

 

 

Challenge: Increasing Stringency of the Energy 

Codes  
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And the new green codes go one step further as shown in the chart below. 

                        

Green Code U-factors – Vertical Fenestration/Commercial 

 

 

 

 

 

 

 

 

 

 

 

We will consider what these numbers mean in terms of real window technologies further 

in the presentation, but it is important to note that high-performance aluminum-framed 

windows can meet these requirements in all zones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Challenge: Increasing Stringency of the Energy 

Codes  
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There is an increasing pressure for building materials to be sustainable, recyclable, and 

supported by environmental impact studies, such as life cycle analysis. 

 

The demand for sustainable buildings is rising worldwide, with a focus on energy 

efficiency. The U.S. government is aggressively encouraging more efficient buildings 

through its ENERGY STAR® and Net Zero programs. 

 

ENERGY STAR 

• To be eligible for ENERGY STAR certification, a building must earn an ENERGY 

STAR score of 75 or higher, indicating that it performs better (relative to energy 

efficiency) than at least 75% of similar buildings nationwide. 

 

• Certification is given on an annual basis, so a building must maintain its high 

performance—as verified by a licensed Professional Engineer (PE) or Registered 

Architect (RA)—to be certified year to year. 

 

  

Challenge: Growing Demand for Sustainable 

Buildings  
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Challenge: Growing Demand for Sustainable 

Buildings  

Source: Bloomberg. “Sustainable Energy in America, 2015 Factbook.” 

ENERGY STAR-Certified Floor Space in U.S. Non-Residential Buildings 

This chart shows the dramatic increase in ENERGY STAR-certified floor space since 

2006. 

  

https://www.aecdaily.com/sc.php?node_id=1691968&tabidx=corporate&company=Aluminum+Extruders+Council
http://www.aecdaily.com/faculty_bio.php?parent_id=1815463
http://www.aecdaily.com/forums.php?node_id=1815463


©2015 ∙ Table of Contents 

 

• About the Instructor                                                    • About the Sponsor                                                         • Ask an Expert 

Slide 33 of 87 < > 

  

Challenge: Growing Demand for Sustainable 

Buildings  

Presented below is the ENERGY STAR-certified floor space and total floor space for 

various types of U.S. commercial buildings for 2014. 

Source: Bloomberg. “Sustainable Energy in America, 2015 Factbook.” 

ENERGY STAR-Certified Floor Space by Sector and Size 2014 
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Net Zero 

• The Department of Energy (DOE) has set a goal that 100% of new commercial 

buildings will be “net zero”—generating as much or more energy than they consume—

by 2025. 

 

• Net zero will also require the use of the building façade for energy efficiency and 

generation, because few buildings have sufficient roof space for the needed volume of 

PV panels. 

 

• Vertical façade PV applications can generate 70–75% of the energy/sq. ft. as 

horizontal rooftop PV. 

 

• Façade elements can include PV infill panels, glazed units with integral PV strips, and 

PV-faced louvers and sun-shades (which can be angled to generate power equivalent 

to rooftop panels). 

 

  

Challenge: Growing Demand for Sustainable 

Buildings  
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Challenge: Growing Demand for Sustainable 

Buildings  

New High-Performance Green Building Codes 
 

In addition to ENERGY STAR and federal goals for net zero 

buildings, new green building codes and standards have 

evolved. These include LEED®, ASHRAE 189.1-2011 and 

2014, as well as 2012 and 2015 International Green 

Construction Code (IgCC). 
 

ASHRAE 189.1 and IgCC incorporate similar concepts as 

LEED (including those listed at right); however, they are 

presented in a code/standard format, rather than a point 

system. 
 

Aluminum-framed products can meet the thermal 

performance requirements of these codes in every zone with 

increased use of thermal barriers, low-e glass, and triple 

glazing. Aluminum windows help satisfy daylighting 

requirements, aluminum sunshades help meet shading 

requirements, and all aluminum products contribute to the 

sustainable material requirements. 

 

• Site selection 

 

• Water use 

 

• Material use, 

recycled content 

 

• Energy efficiency 

 

• Daylighting 

 

• Indoor air quality 

 

• Commissioning, 

maintenance 
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Challenge: Growing Demand for Sustainable 

Buildings  

The commercial installation of PV electrical power generation capacity has significantly 

increased, driven by LEED, green building codes, renewable energy standards, and a 

50% reduction in installed cost. 

U.S. Small-Scale Solar Development Best-in-Class Global Capex for  

Commercial-Scale PV 

Source: Bloomberg. “Sustainable Energy in America, 2015 Factbook.” 

G
W

 

$
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Challenge: Growing Demand for Sustainable 

Buildings  

American businesses have added—and continue to add—solar capacity. 

MW                                                  Source: SEIA                                              
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Challenge: Growing Demand for Sustainable 

Buildings  

In addition to roof-top systems, 

photovoltaic electricity-

generating cells can be fixed 

onto a building’s louver blades, 

framed and mounted with 

aluminum extrusions. These 

systems may be fixed, or may 

be powered by a 

thermohydraulic sun tracking 

device, without expensive or 

complex electro-mechanical 

control systems. 

 

 
 Image 7 
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Challenge: Greater Focus on Occupant Health 

 
Green building codes and programs now look at the overall interior environmental quality 

(IEQ) of a building in addition to energy efficiency; this includes the benefits of daylighting 

and views to building occupants.  

 

 

Source: Browning, W. et al. “The Economics of Biophilia: Why Designing with Nature in Mind makes Financial 

Sense.” Terrapin Bright Green LLC, 2012.  

 

Productive Salaries and Benefits 

 

86% 

  Energy       Rent                    Presenteeism          Absenteeism 

  0.8%         8.9%                 1.3%                      2.7% 

 

Productivity Costs are 112 Times Greater Than Energy Costs in the Workplace 
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Challenge: Greater Focus on Occupant Health 

 
Studies have shown that spaces 

with improved daylight and/or 

views offer the following benefits 

listed at right. 

 

The high strength and thin profile 

of aluminum extrusions facilitate 

daylighting and enlarged views. 

 

 

 

Source: Velikov, Kathy et all. “The Benefits of Glass.” 

University of Michigan Taubman College of 

Architecture and Urban Planning, 2012. 

 

• Increased real estate value, rental rates 

• 20% increase in office worker cognitive test rates 

• 39 additional work hours per year in office worker 

productivity 

• 9–16% improved performance on visual memory tests 

(glare decreased it by 17%) 

• 15% decreased absenteeism in office workers 

• Decreased office worker turnover 

• 21% increase in student test scores 

• 6% increased retail sales 

• 22% reduced development of surgical post-op 

delirium 

• Reduced length of hospital stay by 2.6 days 

• 22% less pain medication in post-spinal surgery 

patients 

• Reduced depression, improved sleep 
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Overview: LEED® Certification 

The U.S. Green Building Council (USGBC) is a 501(c)(3) non profit organization composed 

of leaders from every sector of the building industry working to promote buildings and 

communities that are environmentally responsible, profitable and healthy places to live and 

work. USGBC developed the LEED (Leadership in Energy and Environmental Design) 

green building certification program, the nationally accepted benchmark for the design, 

construction, and operation of high performance green buildings.  

 

LEED credit requirements cover the performance of materials in aggregate, not the 

performance of individual products or brands. Therefore, products that meet the LEED 

performance criteria can only contribute toward earning points needed for LEED 

certification; they cannot earn points individually toward LEED certification. 

 

For detailed information about the council, their principles 

and programs, please visit www.usgbc.org.  
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Challenge: LEED® Certification 

An ever-increasing number of construction projects, whether new or retrofitting 

construction, are being specified to meet LEED certification. In fact, LEED-certified 

projects are becoming more of a requirement rather than an option.  

 

A few facts about LEED: 

• According to the U.S. Green Building Council (USGBC), as of March 2015: 

• More than 12.4 billion square feet of building space were participating in the 

suite of LEED rating systems around the world. 

• Nearly 30,000 commercial buildings had been certified in over 150 countries 

and territories. 

• McGraw-Hill estimates that LEED will comprise 50% of U.S. construction by 2016.  

 

These facts confirm that the demand for LEED construction projects continues to grow. 

 

 

 

Source: USGBC http://www.usgbc.org/articles/about-LEED (Accessed Sept 2015) 
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Challenge: LEED® Certification 

LEED v4, the latest update to LEED, was launched in 2014, and numerous projects have 

already been registered. Projects can continue to be registered under LEED 2009, the 

prior version, until October 31, 2016. LEED v4 addresses additional facility types and 

increases technical rigor.   

 

LEED v4:  

• Takes a life cycle approach to materials—a focus on materials that goes beyond how 

much is used to get a better understanding of what’s in the materials we specify for 

our buildings and the effect those components have on human health and the 

environment 

• Takes a more performance-based approach to indoor environmental quality to ensure 

improved occupant comfort 

• Brings the benefits of smart grid thinking to the forefront with a credit that rewards 

projects for participating in demand response programs 

• Provides a clearer picture of water efficiency by evaluating total building water use 

 

 

 

 

 

Source: USGBC http://www.usgbc.org/LEED (Accessed Sept 2015) 

https://www.aecdaily.com/sc.php?node_id=1691968&tabidx=corporate&company=Aluminum+Extruders+Council
http://www.aecdaily.com/faculty_bio.php?parent_id=1815463
http://www.aecdaily.com/forums.php?node_id=1815463
http://www.usgbc.org/LEED
http://www.usgbc.org/LEED


©2015 ∙ Table of Contents 

 

• About the Instructor                                                    • About the Sponsor                                                         • Ask an Expert 

Slide 44 of 87 < > 

  

Challenge: LEED® Certification 

In LEED v4, the attributes of aluminum extrusions are primarily addressed under the 

Materials & Resources category. 

 

 

 

 

 

The following Materials & Resources Building Product Disclosure and Optimization 

elements are most relevant: 

• Environmental Product Declarations (possible 2 points) – see “Sustainability & 

Aluminum Extrusions” section  

• Sourcing of Raw Materials (possible 2 points) – see “Sustainability & Aluminum 

Extrusions” section 

• Material Ingredients (possible 2 points)  

Building elements that are manufactured with aluminum extrusions—such as light 

shelves, sun shades, and window frames—contribute to LEED 2009 and LEED v4 

credits.  

 

 

 

 

 

“The changes to the Materials & Resources category move from rewarding single product attributes to 

life cycle thinking across the board, focusing on holistic decision making. The life cycle approach is 

used to organize credits into four key areas: resource reuse, assessment and optimization, human and 

ecological health, and waste management. This revision offers organized, actionable credits around 

key concepts while maintaining effective credits established in previous versions of LEED.”  
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Challenge: Impact Resistance Requirements 
 
Many states mandate the use of impact-resistant products for certain buildings in wind-

borne debris regions. These regions (represented in yellow) stretch from Texas, around 

the Gulf Coast, up the entire Eastern Seaboard and include the Hawaiian Islands.  
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Challenge: Impact Resistance Requirements 

Aluminum extrusions are commonly used in the design of 

impact- and blast-resistant windows and doors. The 

strength of aluminum framing members makes this 

material a viable choice for impact-resistant products. 

Aluminum is an effective material for blast hazard 

mitigation due to its high yield strength, which has been 

tested to 40,000 psi without steel reinforcement.* Blast 

loads require fenestration material to bend, but not break, 

to absorb energy, which is easily accomplished with 

aluminum extrusions.  

 

Aluminum also meets testing standards and protocols. 

Aluminum fenestration products that have been 

successfully tested for blast hazard mitigation include: 

curtain walls, store front entrances and framing, and 

windows in a variety of types and configurations. 

 

 

 

 

*Source: CSBR, Windows and Daylighting Group. “Performance: Energy & Cost.” Windows for 

High-Performance Commercial Buildings. http://www.commercialwindows.org/energy.php 

(Accessed May 2012) 

 

  Image 8 
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Challenge: Impact Resistance Requirements 

Extruded aluminum thermally-broken window framing is rated for 

high-missile impact and hurricane zone requirement areas, such 

as Dade County, Florida. Described below are the requirements 

for large and small missile-resistant tests. 

 

 

 

 

The Impact Test 

The High Velocity Hurricane Zone section of the Florida Building Code requires that every exterior opening—residential 

or commercial—be provided with protection against wind-borne debris caused by hurricanes. Such protection could 
either be shutters or impact-resistant products. 

There are two types of impact-resistant products: large missile-resistant and small missile-resistant. 

A. Large missile-resistant test 
A product exposed to various impacts with a piece of lumber weighing approximately 9 pounds, measuring 2" x 4" x 9' in 

size, traveling at a speed of 50 feet per second (34 mph). Then the product is subjected to hurricane loading of 9,000 
wind cycles, positive and negative. 

B. Small missile-resistant test 

A product that has been exposed to various impacts with 10 ball bearings traveling at a speed of 80 feet per second (50 

mph). The product is then subjected to wind loads for 9,000 cycles. If the doors and windows are more than 30 feet 
from the ground, then they must be either large or small missile-compliant. 
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Today’s Challenges for Commercial Buildings 

As a result of its light weight, low cost, and structural integrity, aluminum sets itself apart 

from other materials. While there is a host of challenges for today’s commercial building 

professionals, aluminum extrusions can facilitate meeting them. 

 

 

 

 

Challenges Aluminum Extrusions  

Reducing energy and resource 

consumption 

 

• Thermally-improved framing for energy efficient windows and doors  

• Improved energy management via louvers and sun shades  

Increasing code adoption and 

enforcement 

• Aluminum-framed windows have evolved with the code, and will satisfy 

code requirements in all climate zones 

Increasing stringency of the energy 

codes  

• Aluminum-framed products can meet the thermal performance requirements 

of the energy codes 

Increasing demand for sustainable 

buildings and green building 

standards 

• Aluminum is a sustainable, infinitely recyclable, non-flammable, non-toxic, 

carcinogen-free material 

Greater focus on occupant health • Provide enhanced daylighting and views 

LEED® specification • Can contribute to LEED certification 

Impact resistance requirements • Offer superior structural performance 
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Sustainable Commercial Buildings Pay Off 

A recent study by the University of Cambridge shows that the effort to create sustainable 

buildings pays off; buildings with a higher sustainability rating produce a higher 

return on assets and a higher return on equity. Further, there is a significant link 

between sustainability ratings and the stock market performance of real estate 

investment trust (REIT) owners.  

 

 

 

The Study GRESB’s Seven Core Aspects 

56,000 buildings owned by 637 listed and private real 

estate companies and valued at $ 2.1 trillion were 

benchmarked 

Management (sustainability implementation and strategy) 

The Global Real Estate Sustainability Benchmarking 

(GRESB) metric was used to benchmark the properties 

Policy & Disclosure (reporting) 

 

Risks & Opportunities (sustainability risk assessment) 

Monitoring & EMS (Environmental Monitoring System) 

Performance Indicators (collection and measurement of 

environmental data) 

Building Certification (e.g., LEED) 

Stakeholder Engagement (e.g., tenant satisfaction) 

Source: Carbon War Room 
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Sustainable Commercial Buildings Pay Off 

The same study concludes that both return on 

assets (ROA) and return on equity (ROE) were 

shown to have positive correlation with 

GRESB scores. 

 

• ROA was shown to increase by ~1.3% for 

every 1% increase in GRESB score 

 

• ROE was shown to increase by ~3.4% for 

every 1% increase in GRESB score 

 

When adjusted for risk, a positive effect on 

stock market returns and GRESB scores was 

found.  
 

 

 

 

 
 

Source: Carbon War Room 
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Thermal Management in  

Extrusion-Based Components 
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Thermal Management in  

Extrusion-Based Components: Introduction 

This section of the course will address approaches to improving the thermal performance 

of extrusion-based products.  

 

Any discussion of the impact of the preceding challenges on extrusion-based building 

elements starts with the key criteria with which windows are evaluated. These apply to 

other glass-framed elements (like skylights) as well.  

 

• U-factor (Btu/hr-ft2-F): overall heat transfer coefficient for entire unit (glass and 

frame); lower U-factor = more insulating 

• Solar Heat Gain Coefficient (SHGC): the fraction of incident solar radiation entering 

the building 

• Visible Transmittance (VT): the fraction of visible light entering the building 

• Air Leakage (cfm/ft2) 

• Window Area: affects daylighting, view, and energy performance 

 

It is important to note that all properties are for the whole assembly, including the glass 

and framing. 
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Commercial Window Performance 

As previously mentioned, as the stringency of overall building codes has increased, so 

have the demands of commercial window performance.  

 

As a result: 

• Low-e glass is typically required in all zones (for U-factor in the north, for SHGC in the 

south) 

• Thermally-broken frames are required in most of the U.S. (higher performance 

thermal breaks are needed in the north) 

• There has been an increased use of argon and structural warm-edge spacers 

• IECC requirements mandate triple glazing in the north (does not apply to ASHRAE 

90.1). To satisfy IECC requirements, double glazing with two low-e coatings (#2 

traditional low-e, #4 interior low-e) can be used 

 

Aluminum-framed windows have evolved with the code, and will satisfy code 

requirements in all climate zones. 
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Improving Thermal Performance 

This cross-section shows a typical 

aluminum-framed window.  

 

Key thermal improvements reduce 

this window’s U-factor from 0.78 to 

0.41. The thermal barrier alone 

represents nearly half of the U-factor 

improvement. Adding argon, or a 

similar gas, between the insulated 

glass unit’s panels allows extruded 

aluminum fenestration products to 

meet and exceed an overall U-factor 

of 0.38, making a highly efficient 

thermal barrier system. Nearly 50% 

of U-factor improvement comes from 

the thermal barrier.  
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Fenestration Innovation Timeline 

Fenestration systems manufacturers have responded to increased performance 

requirements with continuous innovation. This timeline demonstrates that aluminum 

products have led in energy savings, improving product efficiency dramatically. 
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Energy Transfer 

There are three forms of energy transfer—radiation, convection, and conduction—within 

a framed window system that must be considered, whether the focus is on reducing the 

impact of a hot summer exterior on a cooled interior (left image) or reducing the impact of 

a frigid winter day on interior comfort (right image). 

 

 

 

 

 

 

 

 

 

 
 

    Image 9 

Warm Climate Cold Climate 
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The Implications for Framing 

Over 90% of commercial buildings use aluminum framing due to its many attributes we’ve 

discussed and because it offers wide spans with narrow sight lines.  

 

However, “unbroken” aluminum frames have high thermal conductivity, ranging from 500 

to 1,000 times that of thermal break materials. 

 

 

 

 

 

 

Conductivity Values of Framing Materials 

Aluminum 1109.36 Btu-in/hr-ft2-F  

Polyurethane and Polyamide Thermal Barriers 0.84–2.08 Btu-in/hr-ft2-F  
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The Implications for Framing 

The solution: introduce thermal 

barriers of low conductivity material. 

Thermally-broken aluminum frames 

improve thermal performance while 

maintaining structural performance. 

 

How It Works: 

Thermal conductivity is minimized by 

thermally separating both the window 

sash and the main frame using an 

outer extruded frame, a central 

insulating core material, and an inner 

extruded frame. The structural core 

acts as a barrier to heat flow in winter 

from the warm interior to the cold 

exterior, and vice versa in summer. 

 

Note warmer frame 

as depicted by the 

thermograph  
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Thermal Barrier Categories 

The National Fenestration Rating Council (NFRC) breaks down the thermal barrier 

description into two of the most widely used thermal barrier product categories. 

 

• Thermally-improved member is described as a product that enhances efficiency due 

to design or thermal materials used, although it may not offer the highest energy 

efficiency available.  

 

• Thermally-broken member is a product that can be used to gain further energy 

efficiency. 

 

A description of the thermal barrier categories is presented on the following slide. 
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Thermal Barrier Categories 

Thermal Barrier Categories 

Thermally-Improved 

Member 

• System members with a >1.6mm (0.062 in.) separation provided by 

a material where the conductivity is <0.5 W/m*K (3.6 

Btu*in/hr.*ft2*F), or open air space between the interior and exterior 

surfaces.  

 

• Such systems include members with exposed interior or exterior trim 

attached with clips and all skip debridged systems.  - NFRC 100  

Thermally-Broken Member • System members with a >5.3mm (0.210 in.) separation provided by 

a low-conductance material where the conductivity is <0.5 W/m*K 

(<3.6 Btu*in/hr.*ft2*F), or open air space between the interior and 

exterior surfaces.  

 

• Such systems include pour-and-debridge urethane systems, 

crimped-in-place polyamide systems, and pressure-glazed systems 

with intermittent fasteners.  - NFRC 100 
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Thermal Barrier Technologies 

There are two alternative thermal break technologies commonly employed: polyamide 

strip thermal barriers and pour-and-debridge polyurethane thermal barriers. 

Thermal Barrier 

Pour-and-Debridge Polyurethane Thermal Barrier Polyamide Strip Thermal Barrier 

Image 10 
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Polyamide Strip Thermal Barriers: The Process 

Image 11 

Step 1: A knurling wheel is used to 

produce “teeth” between 0.15 mm 

and 0.30 mm long in pockets of the 

inner and outer extruded profiles 

that will be joined by the strip to 

comprise the frame. The “teeth” 

bite into the strip during the 

crimping process to ensure 

adequate strength for the 

composite profile. 

Step 2: One of a variety of polyamide 

strips is inserted into the extrusion profiles, 

either manually or using specialized 

equipment. 

Step 3: Wheels rotate the 

extrusions onto the strip and 

mechanically lock the 

components together.  

Over 1,300 pounds of pressure is 

applied in stages, and the 

resulting extrusion/strip assembly 

will then act as a load-bearing 

composite.  
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Pour-and-Debridge Thermal Barriers: The Process 

Image 12 

Step 1: A single aluminum profile is 

designed and extruded with a 

channel to encapsulate an 

insulating polymer. The channel 

surface is conditioned with special 

equipment to create a “mechanical 

lock.” 
Step 2: A two-part polyurethane 

is dispensed into the channel as 

a liquid, then hardens into a 

strong structural insulating 

element. 

Step 3: The metal “bridge” is 

mechanically removed from the 

bottom of the channel, eliminating the 

conductive aluminum element and 

producing a non-metal-to-metal 

thermal barrier. 

https://www.aecdaily.com/sc.php?node_id=1691968&tabidx=corporate&company=Aluminum+Extruders+Council
http://www.aecdaily.com/faculty_bio.php?parent_id=1815463
http://www.aecdaily.com/forums.php?node_id=1815463


©2015 ∙ Table of Contents 

 

• About the Instructor                                                    • About the Sponsor                                                         • Ask an Expert 

Slide 64 of 87 < > 

  

Thermal Simulation Tools & Software 

Thermal simulation tools and software include: 

 

• WINDOW and THERM simulation software: developed by Lawrence Berkeley 

National Laboratory* to calculate the thermal performance of windows and window 

components. 

• WINDOW is used to calculate the overall thermal transmission of window 

systems.  

• THERM is a 2D simulation tool used to analyze conduction and radiation heat 

transfer based on the finite element method. 

 

• SOLIDWORKS Flow Simulation is a general 3D computational fluid dynamics (CFD) 

software used to optimize aluminum profile design with thermal breaks. It is able to 

analyze fluid flow and heat transfer in real-world conditions. 

 

 

*WINDOW and THERM are approved by the NFRC and available for free download at http://windows.lbl.gov/software/. 

(Accessed Sept 2015) 
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Thermal Performance of Alternative Curtain Wall 

Constructions  

 
 

 

 

 

Image 13 

The addition of a thermal 

break (right illustration) 

reduces the overall U-factor 

by over 30%, resulting in 

higher interior temperatures. 
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Improving Thermal Performance 

 
 

 

 

 

Image 14 
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Empire State Building: Case Study 

In this real-world example, the Empire State Building’s 6,400 windows were retrofitted 

with extruded aluminum window framing with thermal barriers. A computer program 

calculated the dramatic savings in heating and cooling costs with the thermal barrier 

system versus the non-thermal barrier windows.  

 

 

 

 

Original steel windows, single glaze $1,000,000/year 

New windows with thermal barrier $222,230/year 

ENERGY SAVINGS $777,770/year 

Lifespan (30 years) $23,000,000 
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Sustainability & Aluminum Extrusions 
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Sustainability & Aluminum Extrusions: Introduction 

Did You Know? 
 

• As an elemental metal, aluminum is unique in that it can be recycled over and over without any 

degradation in physical properties. 

• Over 1 billion tons of primary aluminum has been produced since 1888: 75% of it is still in 

productive use. 

• In total, recycling represents roughly 35% of global aluminum production. 

• Recycling aluminum requires only about 8% of the energy required for primary aluminum 

production. 

• Each ton of aluminum recycled, rather than produced from ore, saves: 

• 24 barrels of crude oil equivalents 

• over 15 tons of fresh or sea water, and 

• more than 9 tons of CO2 equivalents. 

• Substituting aluminum for other materials has substantial in-use benefits, saving energy and 

reducing CO2 emissions. 

• The emissions savings from increased aluminum usage in transportation is so great that the 

aluminum industry should become “greenhouse gas neutral” in the next decade (i.e., the global 

warming impact from aluminum production will be more than offset by the carbon dioxide 

reductions from its use in transportation. 
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Aluminum Production 

Primary, or virgin, aluminum is produced by the 

electrolysis of alumina, which in turn is refined from 

bauxite ore, a natural material mined in various global 

locations. Much of the world’s bauxite comes from 

Jamaica, Guinea, and Brazil where is it extracted from 

open-pit mines. 

 

Aluminum ingots are also produced via recycling, the 

re-melting of aluminum scrap, often referred to as 

“secondary” aluminum production. 

 

Most of the environmental burdens of aluminum 

products occur during the resource extraction, raw 

material production, and product semi-fabrication (i.e., 

the conversion of aluminum into foil, sheet, or 

extrusion) stages. The industry has long been 

committed to minimizing its environmental impact, 

starting with bauxite mining. 
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LCA & EPD 

For over 20 years, the North American 

aluminum industry, through the Aluminum 

Association, has been documenting the life 

cycle impact of its products. The initial Life 

Cycle Assessment (LCA) was based on 1991 

data and was a cradle-to-grave assessment of 

aluminum beverage cans. This was followed by 

a 1995 assessment of auto components and a 

2006 study of beverage cans.  

 

The most recent LCA is based on 2010 data 

and contains—for the first time—data specific 

to extrusion. Data from extruders responsible 

for nearly 60% of North American production 

was collected and analyzed. This data also 

forms the basis for the 2014 EPD 

(Environmental Product Declaration) for 

Extruded Aluminum.  

The EPD, and the most recent LCA, can be found at: 

• Life Cycle Assessment Report, December 2013: 

http://www.aluminum.org/sites/default/files/LCA_Re

port_Aluminum_Association_12_13.pdf (Accessed 

Sept 2015) 

• Environmental Product Declaration, Fall 2014: 

http://www.aluminum.org/extruded-aluminum 

(Accessed Sept 2015) 
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Energy Demand/GHG Emissions 

Since 1991, the energy required for producing primary aluminum has been cut by over 

25%, and greenhouse gas emissions (GHG) by nearly 50%. Recycling saves 92% in 

energy and GHG emissions compared to primary production. 

Source: Aluminum Association Life Cycle Assessment Report: December 2013. 

http://www.aluminum.org/sites/default/files/LCA_Report_Aluminum_Association_12_13.pdf (Accessed Sept 2015) 
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Recycling Aluminum 

Currently, “secondary” aluminum, based 

on re-melting scrap, accounts for about 

70% of U.S. production.* 

 

For example: 

• Over two-thirds of beverage cans are 

recycled. 

• It is estimated that about 95% of 

aluminum components in autos and 

buildings are recycled at end of life. 

 

*NIC imports 

Source: Bloomberg. “Sustainable Energy in America, 2015 Factbook.” 

Note that due to alloy differences, beverage cans are not recycled into auto bumper 

beams or building components, for example, but are reused for cans that are back on the 

store shelves within 60 days of prior use.  
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Recycling Aluminum 

Extrusions are sustainable and fully recyclable. 

 

• The extrusion process itself only represents 

~11% of the primary energy demand and 

global warming potential in creating an 

extruded component. Production of the 

aluminum feedstock represents the vast 

majority of the environmental footprint. 

 

• North American extrusion is manufactured 

in 34 states and four Canadian provinces. 

This, combined with an extensive network 

of re-melt locations for metal production, 

minimizes the environmental impact of 

transit.  

Re-melt locations: Aluminum Extruders Council (AEC) 

members 
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Recycling Aluminum 

Even if finished with paint or anodizing and fitted 

with thermal barriers, extrusions can be recycled 

repeatedly without degradation of properties.  

 

Extrusions often contain >50%, and as much as 

80%, recycled content.   

 

In 2010, extrusions produced in North America 

contained 53% recycled content. 

 

Source: Aluminum Association Life Cycle Assessment Report: December 2013. 

http://www.aluminum.org/sites/default/files/LCA_Report_Aluminum_Association_

12_13.pdf (Accessed Sept 2015) 
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Recycled content includes plant, 

customer-, and post-consumer 

scrap (e.g., door and window 

frames, truck wheels, etc.) that is 

carefully characterized, segregated, 

and tested with subsequent addition 

of needed alloying elements. 

 

 

What Recycled Content Is …. and Isn’t 

 

 

 

 

 

 

 

 
 

This is NOT recycled content for 

extrusions—nor are beverage cans, 

siding, gutters, engine blocks, etc., due to 

alloy and process challenges. These 

items are recycled into other products. 
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Benefits of Aluminum Recycling 

Let’s look at the benefits of aluminum recycling. 

 

Annually: 

• About 70 million barrels of crude oil equivalent of energy is saved—enough oil to feed 

U.S. consumption for three days, or nearly one day of the world’s oil supply. 

• Approximately 2.4 million square meters of land is saved. 

• More than 45 million tons of fresh and sea water use is avoided—enough water to 

provide for the needs of New York City’s eight million people for ten days. 

• Approximately 7.5 million tons of solid waste is avoided. 

• About 27 million tons of CO2
 equivalent of greenhouse gas emissions is avoided—

equivalent to eliminating five large (1,000 MW) coal-fired power plants. 

 

Total Life Cycle Impact: Recycling Is Key 

 

 

 

 
Source: The Aluminum Association. “Aluminum: The Element of Sustainability.” September, 2011. 

http://aluminum.org/Content/ContentFolders/Miscellaneous/Aluminum_The_Element_of_Sustainability.pdf (Accessed May 2012) 
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Case Studies 
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Edith Green-Wendell Wyatt Federal Building 

Originally completed in 1974, this 512,000 sq. ft. office 

tower, located in Portland, Oregon, was seriously outdated.  

 

The 2013 renovation transformed the facility, reducing 

energy consumption by 55% and water use by 60%. 

 

This project is the recipient of the 2014 AIA COTE award 

for Top Ten Green Projects and is expected to achieve 

LEED Platinum designation (click on link for further 

information: www.gsa.gov/portal/content/252613). 

 

 

Image 15 
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Edith Green-Wendell Wyatt Federal Building 

Extrusions played a valuable role in this project: 

 

• Custom “reed-like” aluminum extrusions were 

used to shade direct sunlight on the west 

façade, as well as to provide a “trellis” to support 

vegetation for additional shading. 

 

• A roof-mount canopy was incorporated for 

photovoltaic and rainwater collection, generating 

200,000 kWh/yr. and providing water for toilets, 

irrigation, and mechanical makeup. 

 

• East and south façade light shelves were 

installed to provide daylighting 16 feet inward. 

 

• Extruded piping was utilized for the solar thermal 

hot water system. 
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Perkins + Will, 1315 Peachtree Street  

Perkins + Will’s office building on 1315 

Peachtree St. in Atlanta, GA demonstrates how 

aluminum extrusions are instrumental in 

achieving a high-performance building that 

meets ambitious sustainability goals.  

 

Key extruded aluminum components of the 

project include: 

• exterior curtain wall 

• horizontal and racked shading airfoils 

• caps for glass terrace rail, and  

• interior demountable wall structures, bench 

seating systems, and light fixture housings.   

 

The renovated building is LEED Platinum 

certified. 
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Public Safety Building 

Completed in 2014, the 335,000 sq. ft. public safety 

building in Salt Lake City, UT is a showcase of 

sustainability. The building achieved net-zero 

designation and LEED Platinum certification as a result 

of a number of key sustainable features, including the 

following extruded aluminum components:  

• Serpentine exterior curtain wall  

• Light shelves 

• Sun shades 

 

Other elements contributing to sustainability: 

• Controllable task lighting 

• Rooftop photovoltaic panels and solar water heating 

system 

• Photovoltaic panels within a glass canopy extending 

from the main entrance 

• “Green” roof 

 

Image 16 
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Summary 
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Summary 

• Aluminum extrusions are an ideal material for commercial construction due to their 

unique combination of attributes, including durability, flexibility, sustainability, and 

aesthetics. 

 

• Aluminum extrusions can be utilized in a wide range of applications in commercial 

buildings, including fenestration, energy management, skylights and canopies, and 

structures. 

 

• Aluminum is 100% recyclable with high scrap value. It can be repeatedly recycled, 

retaining the same material physical properties. 

 

• The use of aluminum extrusions, as presented throughout this course, allows 

architects to meet the challenges of sustainable design and provides many benefits to 

the holistic approach of the “whole building design” concept.  

 

 
Please remember the exam password DESIGN. You will be required to enter it in order to proceed with the 

online examination. 
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AEC Members  

 
ABC Aluminium Solutions 

Aerolite Extrusion Company 

Akzo Nobel Coatings Inc. 

Albarrie Canada Limited 

Alcoa Forgings and Extrusions 

Alcoa Primary Metals 

Alexandria Industries 

Alexin LLC 

Almag Aluminum Inc. 

Almex USA, Inc. 

Al-Taiseer Aluminium Factory 

Aluminio de Centro America 

Aluminium Bahrain B.S.C, 

Aluminium Products Co. Ltd. 

AMCOL Corporation 

APEL Extrusions Limited 

Apex Aluminum Extrusions Ltd. 

Arabian Extrusions Factory 

Astro Shapes Inc. 

A.t.i.e. uno Informatica SrL 

Azon USA Inc. 

BCI Surface Technologies 

Belco Industries Inc. 

Bonnell Aluminum 

Bowers Manufacturing 

Briteline Extrusions, Inc. 

Butech Bliss 

Cardinal Aluminum Co. 

CASTOOL Tooling Systems 

Cometal Engineering S.p.A. 

Compes International 

Crown Extrusions Inc. 

Crystal Finishing Systems Inc. 

Custom Aluminum Products Inc. 

Dajcor Aluminum Ltd. 

Danieli Corporation 

Dienamex 

Drache USA Inc. 

Dubai Aluminium Co. Ltd. 

Emmebi 

ETS-Exco Tooling Solutions 

EXCO 

Extrudex Aluminum Ltd. 

Foy Inc. 

Frontier Aluminum Corp. 

Futura Industries Corp. 

Gateway Extrusions Ltd. 

General Extrusions Inc. 

Glencore Ltd. 

Granco Clark Inc. 

Gulf Extrusions Company LLC 

Houghton Metal Finishing Company 

Hulamin Extrusions  

Hydro Aluminum North America Inc. 

ILSCO Extrusions Inc. 

iNOEX LLC 

International Extrusions 

Jordan Aluminum Extrusions, LLC 

Kennametal Extrude Hone Corp. 

Keymark Aluminum Corporation 

Light Metals Corporation 

Magnode Corporation 

 

Marx GmbH & Co. KG 

Matalco Inc. 

M-D Building Products 

Metal Exchange Corporation 

Metra Aluminum Inc. 

MI Metals Inc. 

Mid South Extrusion Die Co. 

Mid-States Aluminum Corp. 

Nanshan America Co. 

National Aluminium Ltd. 

Nizi International (U.S.) Inc. 

Noranda Aluminum Inc. 

Non-ferrous Extrusion 

Ohio Valley Aluminum Co. LLC 

OMAV S.p.A. 

PanAsia Aluminium Limited 

Peerless of America Inc. 

Penn Aluminum International Inc. 

Pennex Aluminum Company 

Postle Extrusion 

PPG Industries Inc. 

Presezzi Extrusion North America 

Pries Enterprises Inc. 

Profile Extrusion Co. 

Republic Chemical Co., Inc. 

Reliant Aluminum Products LLC 

Richardson Metals 

Rio Tinto – Aluminum Product Group 

R.L. Best Company 

Sapa Extrusions 

Service Center Metals 

 

 

Sierra Aluminum 

Silver City Aluminum Corp. 

SMS Meer Service Inc. 

Southeastern Extrusion & Tool, Inc. 

Spectra Aluminum Products Ltd. 

Spectrum Metal Finishing Inc. 

Superior Extrusion Inc. 

Taber Extrusions LLC 

Technoform 

Tecnoglass S.A. 

Tellkamp Systems Inc. 

Thumb Tool & Engineering 

Tower Extrusions, LLC 

Tri City Extrusion Inc. 

Tubelite Inc. 

Turla S.r.L. 

Ube Machinery Inc. 

Valspar Corporation 

Vidrieria 28 de Julio S.a.C. 

Vitex Extrusion 

Wagstaff Inc. 

Walgren Company 

WEFA Cedar Inc. 

Werner Co. 

Werner Extrusion Solutions, LLC 

Western Extrusions Corp. 

Whitehall Industries 

YKK AP America Inc. 

Youngstown Tool & Die Co. Inc. 

 

AEC Members as of August 2015. To find a member, go to www.aec.org and choose “Find a Member.” 
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Image Credits 

Image 1: Michael Lee-Chin Crystal by Scott Norsworthy 

Image 2: Parsons Brinkerhoff, HOK and Chet Frohlich Photography 

Image 3: CST Covers 

Image 4: Laura Seitz, Deseret News 

Image 5: Wausau Window and Wall Systems 

Image 6: Wausau Window and Wall Systems and Paul Crosby 

Image 7: Colt International Licensing, Ltd.  

Image 8: Schüco International KG  

Image 9: Technoform Bautec 

Image 10: Technoform Bautec, Azon 

Image 11: Technoform Bautec 

Image 12: Azon 

Image 13: Azon 

Image 14: Azon 

Image 15: Architects: SERA/Cutler Anderson; Façade: Benson Industries; Photo: Nic Lehoux 

Image 16: Wausau Window & Wall Systems, Wayne Gillman Photography 
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Conclusion 

©2015 Aluminum Extruders Council. The material contained in this course 

was researched, assembled, and produced by Aluminum Extruders Council 

and remains its property. The LEED® Rating System was authored by and 

is the property of the USGBC. Any portion of the Rating System appearing 

in this course is by permission of the USGBC.Questions or concerns about 

the content of this course should be directed to the program instructor. This 

multimedia product is the copyright of AEC Daily. 

Questions? 

Ask an Expert – click here 

If you desire AIA/CES, state licensing or CE 

credits for another organization, please click on 

the button to commence your online 

examination. A score of 80% or better will allow 

you to print your Certificate of Completion; you 

may also go to your AEC Daily Transcript to see 

your completed courses and certificates. 

 

For additional knowledge and post-seminar 

assistance, click on the Ask an Expert link 

above. 

 

If you have colleagues that might benefit from 

this seminar, please let them know. Feel free to 

revisit the AEC Daily website to download 

additional programs from the Online Learning 

Center. 
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