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Presentation Notes
Thank you for your interest in learning about how low-e coatings can improve building performance. The information in this course will show you how high-performance architectural glass can significantly improve the energy efficiency of buildings while reducing their operating costs and carbon emissions.
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Best Practices

Vitro Architectural Glass is a registered Provider with the American Institute of
Architects Continuing Education Systems. Credit earned on completion of this
program will be reported to CES Records for AIA members. Certificates of
Completion for non-AlA members are available upon successful completion of
this course.

This program is registered with the 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 AlA 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.



Presenter
Presentation Notes
Vitro sponsors this learning unit provided by BD&C, a registered provider with the American Institute of Architects (AIA) Continuing Education Systems (CES). Credit earned upon completion of this program will be reported to CES Records for AIA members. Certificates of Completion for non-AIA members are available upon successful completion of this course. 

This program is registered with the 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
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This presentation is protected by U.S. and international copyright laws.
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written consent of the sponsor is prohibited.

© 2018 Vitro Architectural Glass.
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The reuse of any content in this presentation is prohibited without written consent of Vitro Architectural Glass.


Understanding Low-E Coatings

Learning Objectives

At the conclusion of this presentation, you will
understand:

e The solar energy spectrum and common glass
performance measures

e The manufacturing processes for pyrolytic and
magnetron sputter vacuum deposition (MSVD)
low-e coatings

e How passive and solar control low-e coatings differ
and impact glass performance measures

e Commercial energy usage and how low-e coatings
can improve energy efficiency and earn LEED®
credit contributions
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By the end of this presentation, you will understand:
The solar energy spectrum and common glass performance measures
The manufacturing processes for pyrolytic and MSVD low-e coatings
How passive and solar control low-e coatings differ and can impact glass performance measures, and
Commercial energy usage and how low-e coatings can improve energy efficiency and earn LEED® credit contributions



Understanding Low-E Coatings

3 NEMOURS/ALEREDIEDUPONIFHOSEITALEORICHI DR EN]
¥ iy ﬁ ARGHITEGT: FKPJARGHITECTS
i ¥

UPMGIEAST; SAN FRANCISCO PUBLIC UTILITIES
ARGHITECTHBEH DESIGN COMMISSION
ARCHITECTKMDARCHITECTS

BILL & MELINDANKGAN]
ARCHITECT:NBBJ:

s
i 3

L

il

4 Ll L
o



Presenter
Presentation Notes
You’ll also have a basic understanding of how to prioritize and balance the unique aesthetic and performance needs of your project—no matter how big or small. 

Although aesthetics is typically the first priority, making low-emissivity (low-e) coating selections is critical to executing building performance strategies. Using clear, low-iron and performance-tinted glass can also help you provide your client with a high performing building—all while still meeting code. 
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The Solar Energy Spectrum
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First, we’ll review how the solar energy spectrum works, including short- and long-wave energy, and most importantly, how it impacts the performance of glass. 


The Solar Energy Spectrum
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To understand the performance of low-e glass, it helps to have a basic understanding of the solar energy spectrum. As you can see from this chart, ultraviolet (UV) light, visible light and infrared (IR) light all occupy different parts of the solar spectrum. They are delineated according to their wavelengths.

UV light, which is a major contributor to the fading of interior materials, such as fabrics and wall coverings, has wavelengths of 300 to 380 nanometers. UV light occupies 3% of the total solar energy spectrum.

Visible light occupies the part of the spectrum with wavelengths measuring from about 380 to 780 nanometers. Visible light occupies 44% of the total solar energy spectrum.

Infrared light, which is transmitted as heat into a building, begins at wavelengths of about 780 nanometers. Infrared light occupies 53% of the total solar energy spectrum.

Glass coatings have been developed to minimize the impact of UV and IR wavelengths that can pass through glass while minimizing the reduction of visible light transmittance.
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As you can see, short-wave energy is energy that comes directly from the sun. Short wave-energy, depicted in the straight lines, arrives to the building exterior in the form of infrared light, visible light and ultraviolet light. 

Long-wave energy is not emitted from the sun but re-radiated off of other surfaces, both interior and exterior, such as sidewalks, floors, furniture and walls.
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This illustration shows the benefits of energy-efficient glazings. As you can see, energy-efficient glass blocks a significant portion of UV and infrared light (heat), while still permitting a high percentage of visible light.

For projects where cooling costs are dominant, a glass that permits high levels of visible light while limiting solar heat increases a building’s energy efficiency. It also means low infrared heat gain; ample natural visible light; less artificial lighting; reduced long-wave heat gain or loss; and increased comfort and productivity. The end result is an overall reduction in energy usage, including lower cooling bills and less reliance on energy-consuming artificial light.

For projects where heating costs are dominant, a glass that permits high levels of visible light while retaining solar heat within the interior of the building increases a building’s energy efficiency. This means reduced infrared heat transfer, resulting in overall reduction of energy usage in the form of lower heating bills and less reliance on energy-consuming artificial light. 

Later in this presentation, we’ll show you how glass performance is measured according to visible light transmittance and solar heat gain. As you will see, there is a performance range across the different types of architectural glasses. These differences can have a profound impact on a building’s energy performance, both in terms of how much energy it consumes and how much heating and cooling equipment it needs. This is why it’s important to select the right glass for each project—one size does not fit all.


The Solar Energy Spectrum

Understanding Emissivity

e The ratio of the thermal energy radiated from a material's surface to the thermal
energy radiated from a blackbody (a perfect emitter), at the same temperature and
wavelength, under the same conditions.

e Thermal heat that is not radiated away is either absorbed or transmitted through the
glass.

e The lower an object’s emissivity, the better it is at reflecting away heat.

e Emissivity works in all seasons and in all climates, always working to slow the
transfer of heat. In cold seasons or climates, it reflects heat back into the interior of
the building; in warm seasons or climates, it reflects heat back to the outside of the
building.

e Reduced emissivity improves a window’s insulating properties. Uncoated clear
glass has an emissivity of 0.84 while a solar control low-e glass might have an
emissivity as low as 0.02.

e All uncoated glasses have the same emissivity. The addition of a well-engineered
low-e coating reduces the emissivity and increases the reflectance of thermal
energy. Low-e coatings do not necessarily increase the visible reflectance of the
glass and can actually be less visibly reflective than uncoated clear glass.
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Before we talk about how low-emissivity or low-e glass works, let’s begin by defining what emissivity is. 

Emissivity is the ratio of the thermal energy radiated from a material's surface to the thermal energy radiated from a blackbody (a perfect emitter), at the same temperature and wavelength, under the same conditions.

Thermal heat that is not radiated away is either absorbed or transmitted through the glass. The lower an object’s emissivity, the better it is at reflecting away heat. 
 
Emissivity works in all seasons and in all climates, always working to slow the transfer of heat. In cold seasons or climates, it reflects heat back into the interior of the building; in warm seasons or climates, it reflects heat back to the outside of the building. 

Reduced emissivity improves a window’s insulating properties. Uncoated clear glass has an emissivity of 0.84 while a solar control low-e glass might have an emissivity as low as 0.02.

All uncoated glasses have the same emissivity. The addition of a well-engineered low-e coating reduces the emissivity and increases the reflectance of thermal energy. Low-e coatings do not necessarily increase the visible reflectance of the glass and can actually be less visibly reflective than uncoated clear glass.
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Thermos® lllustration

e Silver lining reflects the temperature
of the drink it contains back in.

e Temperature is maintained because
of the constant reflection that occurs.

e Air space provides additional benefits.

e |ow-e glass is composed of extremely
thin layers of silver.

e The same theory applies.
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Here’s an illustration that explains how low-e glass works in the same way as a Thermos®.

When the interior heat energy tries to escape to the colder outside, the low-e coating reflects the heat back to the inside, reducing the radiant heat loss through the glass. 

The air space also provides insulating properties. 

A Thermos has a silver lining, which reflects the temperature of the drink it contains back inside. The temperature is maintained because of the constant reflection that occurs, as well as the benefits the air space provides. Since low-e glass is composed of extremely thin layers of silver, the same theory applies. 

The silver low-e coating reflects the interior temperatures back inside, keeping the room warm or cold, depending on the climate, and increases the insulating value of the window. 
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Passive and Solar
Control Low-E Coatings
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Now that you have a basic understanding of how solar energy works, it’s important to understand how these concepts relate to both passive and solar control low-e coatings. 


Passive and Solar Control Low-E Coatings

Types of Coated Glass

e Low-E Glass

®  Solar Control Low-E: Blocks solar radiation to
reduce cooling costs. Higher-performing glasses
are applied or produced by a magnetron
sputtered vacuum deposition (or MSVD) soft
coat process.

®  Passive Low-E: Transmits solar radiation for
passive heating applications. Reduces heating
costs. Applied on products by a pyrolytic or
MSVD soft coat process.

e Non-Low-E Glass
= Tinted Glass
= Reflective Glass
= Anti-Reflective Glass
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There are two main categories of coated glass: low-e glass and non-low-e glass. 

Solar control low-e coated glasses block solar radiation to reduce cooling costs and reduce related energy consumption. Higher performing solar control low-e glasses are MSVD “soft coat” glasses. 
Passive low-e coated glasses transmit solar radiation for passive heating applications to reduce heating costs. They are pyrolytic, or MSVD “soft coat” glasses. 
Non-low-e coated glasses represent a wide range of glasses with varying degrees of color, reflectivity and performance. These include tinted glasses and glasses with other functions, such as reflective glass, anti-reflective glass and shower glass. 

In terms of energy-efficiency, however, the most important difference for specifiers is between passive low-e and solar control low-e coated glasses. Understanding how these types of coatings are applied is critical to understanding their performance.
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The Float Glass Process
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The glassmaking process begins in the batch house, where all of the raw materials are offloaded onto a conveyer and sent to their respective storage silos. 

In the next step, the batch materials are combined with cullet (which is basically crushed glass) and melted to form molten glass. 

The firing process is next. During this step, the bubbles that are formed during the melting process rise to the surface and escape into the chamber atmosphere. The glass then moves from the chamber through a canal into what is known as the bath. The molten glass floats as it hardens in a bath of liquefied tin. The glass then moves through toothed wheels, known as stretch machines, to alter the thickness and width of the glass. It then is cooled, using a series of water coolers. 

The next parts of the glass making process are focused on cutting and shipping. Once the glass has been cooled, it is cut by scoring it with carbide cutting wheels and broken out to remove edges and produce final shipping size. 

The glass, now in final shipping size, proceeds from the main line to the packing lines, where it is transferred by vacuum off the main conveyer and placed onto a finished stack. 
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CVD Coating (or “Hard Coat”) Process

Furnace
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We’ll start our explanation of glass coating applications with the pyrolytic, or chemical vapor deposition (CVD) process, because this process takes place during the glassmaking process.

In the CVD process, the vaporized coating is deposited onto the glass ribbon while it is being produced on the float line, typically between the bath and the annealing lehr, while the glass is still at temperatures of approximately 1,100 to 1,300 degrees Fahrenheit. 

The coating then “fuses” to the hot glass surface, creating a strong thermal bond or “hard coat” that is very durable during fabrication. The glass is then cut into stock sheets of various sizes for shipment to fabricators.
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CVD Coating (or “Hard
Coat”) Process

e On-line process where the coating is applied in the
bath

e Stands up very well to further processing and
fabrication

e Has an unlimited shelf life

e Limited ability to achieve high-performance solar
control levels

BROOKHAVEN NATIONAL LABS
ARCHITECT: H.D.R. ARCHITECTURE, INC., OF ALEXANDRIA, VIRGINIA
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As a result, glasses coated through the CVD process stand up very well to the rigors of further processing and fabrication that are required to make them part of a finished product, such as an insulating glass unit, also called an IGU, or a curtain wall.

In addition, CVD or “hard coats” have an almost unlimited shelf life prior to fabrication, which means they can sit in a warehouse for a long time without losing any of their low-e properties.

Historically, this has been the process through which passive low-e glasses were produced. Today, some solar control low-e glasses are produced with this method. However, limitations of process make it less suitable for high-performing solar control low-e products. 
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Sprayed-On Coatings (Spray Pyrolysis)
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Pyrolytic coatings are sprayed-on coatings, which are applied in an on-line process called spray pyrolysis. The pyrolytic coatings are sprayed onto the hot glass just after it exits the tin bath portion of the glass-making furnace.

When sprayed onto the hot glass, the liquid suspension of various metal oxide materials reacts with the surface, forming a bonded and durable coating.
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Sprayed-On Coatings (Spray Pyrolysis)
e Application is considered an on-line process.

e Pyrolitic coatings are sprayed onto hot glass just after it exits the tin bath.

e Liquid suspension of various metal oxides reacts with surface, forming
bonded and durable coating.

e May impart color to the substrate glass.

® Increases reflectivity while reducing light transmission through glass.
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This coating is typically used to impart color to the substrate glass or increase the level of reflectivity to improve solar control performance.

This process is typical for non-low-e coatings, like heat-reflective glass. 
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MSVD Coating Process

Finished Glass

Suction Cup Lifter
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Magnetron sputtered vacuum deposition or MSVD coatings also may be known as “sputtered” glass or “soft coat.” Most solar control low-e glasses are produced with the MSVD coating process, except for MSVD coatings that are engineered for a passive strategy. MSVD or sputtered glass is considered an off-line process because the coating is applied to float glass after it has been manufactured, cooled and cut to size. 

Generally, the MSVD process is performed in a coater having multiple coating zones. A typical MSVD coater has between four and 20 zones. Each zone includes one or more metal targets for depositing a specific type of material onto a glass substrate. 

In the MSVD process, metal targets in the vacuum chamber are bombarded with electrically charged ions under a vacuum, which releases atoms that deposit on the glass and form a microscopically thin coating. The specific metal atoms deposited on the glass surface will determine its ultimate performance properties. 
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MSVD Coating Process

Considered an off-line coating process.

Total thickness of low-e coating is 150 nanometers.

¥,

Applied to pre-cut glass in vacuum chamber
at room temperature.

Most solar control low-e glasses are MSVD.

Depending on materials used, most should be sealed in an
IGU or laminated.

Enables lower emissivity and superior solar control
performance.

BANK OF AMERICA
ARCHITECT: COOK+FOX ARCHITECTS LLP
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Because MSVD coatings are applied off-line (and therefore are not thermally bonded to the glass) these coatings are much “softer” and less durable than pyrolytic coatings, which is why they are sometimes referred to as “soft-coat.” This soft coat makes them more susceptible to damage during handling and fabrication.

Silver is the dominant metal used in the production of MSVD low-e coatings. The coating needs to be hermetically sealed to prevent corrosion. This is why it needs to be on surface #2 or #3 of a double insulating unit or laminated. 

The advantage of using MSVD coated glass is that these coatings generally offer lower emissivity and superior solar control performance compared to pyrolytic coatings, which can mean lower long-term energy costs and improved occupant comfort. 
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Understanding the potential performance benefits of passive and solar control low-e glass starts with understanding how insulating glass units or IGUs work. 

Each glass surface in the IGU is numbered sequentially from the building exterior to the building interior.

Standard two-pane insulating glass units provide four potential coating surfaces:
The first (#1) surface faces outdoors.
The fourth (#4) surface faces directly indoors. Only low-e coatings specifically engineered for “interior surface” should be used on the #4 surface. 
The second (#2) and third (#3) surfaces face each other inside the insulating glass unit and are separated by an air space and an insulating spacer.

In a triple-glazed IGU:
The #6 surface is the surface facing directly indoors.
The #5 surface in a triple-glazed IGU is the outermost surface of the room-side lite. 

There are numerous strategies at your disposal for utilizing these surfaces. 
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Defining Your Low-E Coating Strategy

Factors that may influence your low-e coating selection and placement strategy include:

e Heating or Cooling dominated climate
e Energy performance

®  Building codes

®  Project HVAC requirements
e Aesthetic objectives

e Site characteristics

e Additional design factors
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Low-e coating selection and placement are strategies that may change from building to building based on each project’s unique aesthetic needs, performance requirements, the features of the building site and the various design factors that must be considered. 

Low-e coatings can be applied to clear, performance-tinted and low-iron glasses to achieve a range of aesthetic effects. The type of low-e coating that you choose—passive or solar control—will impact the energy performance of a building by reducing its reliance on heating, cooling and artificial lighting. 

In cooler, “heating-dominated” climates, a passive low-e is sometimes preferred to harvest solar energy from the sun and reduce heating costs.  In warmer, “cooling-dominated” climates, a solar control low-e reduces solar heat gain, thereby reducing cooling costs.

In addition, the features of the building site are also primary considerations in defining your strategy. Is the site located in a ravine, where it sees very little sunlight and reduced solar heat gain? If so, a passive low-e strategy may be advantageous. If the site is in a precipice with abundant direct sunlight, a solar control low-e strategy might be best to reduce solar heat gain. Other site features like longitude and the orientation of the building should also be considered before deciding between passive and solar control low-e strategies. 

Finally, the major design elements of the building should also help define the coating strategy. The use of sunshading devices, recessed windows, landscaping and daylighting requirements should all influence whether to use a passive or solar control strategy.  

In all cases, it’s critical to choose a low-e coating that reflects the unique needs of your specific project—and there are a number of ways in which you can improve glass performance with a well-defined low-e coating strategy. 
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Double-Pane

Solar Control Low-E
Coating Placement
Strategy

e Apply solar control low-e coating to #2
surface of the IGU to maximize solar
control performance.

e A second low-e coating (engineered for
“interior surface”) can be placed on
surface #4 to optimize insulating
performance.

e Only one low-e coating should be in an
airspace for best performance.
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Now, we’ll discuss strategies for placing low-e coatings while executing a solar control strategy in a double-pane IGU. 

To optimize solar control performance on a double-glazed IGU, it is typically best to place a solar control low-e coating on the #2 surface, closest to the sun.  

To optimize insulating performance, place another low-e coating, engineered for “interior surface,” on surface #4 on a double-pane IGU. The additional coating will be most effective when it is not placed in the same airspace as the first coating. As you’ll see, this same philosophy also applies to triple-glazing. 
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Triple-Pane

Solar Control Low-E
Coating Placement
Strategy

e Apply a solar control low-e coating to the
#2 surface and a second low-e coating to
the #4 surface of the IGU to optimize solar
control performance.

e Placing a third low-e coating engineered
for “interior surface” (surface #6) of a
triple-pane IGU will further enhance
insulating performance.

Triple-Pane IGU
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On a triple-glazed IGU, which has six surfaces available, the same philosophy applies. Placing a solar control low-e coating on surface #2 and a passive or solar control low-e coating on surface #4 optimizes performance. An additional room-side coating engineered for “interior surface” also could be placed on the #6 surface to increase U-value and improve insulating performance in a triple-glazed IGU. 

It is possible to have multiple combinations of coatings in a triple-glazed IGU, as long as two coatings do not share an airspace—this will generally not provide an improvement in performance. 
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Compared to solar control low-e coatings, passive low-e coatings allow more of the sun’s short-wave infrared energy to pass through the glass into the building and help heat the building interior. 
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Double-Pane
Passive Low-E Coatings

e Apply passive low-e coatings to the surface of
the innermost lite of glass, which are the #3 or
#4 surfaces.

e The further away from the sun a passive low-e
coating is placed, the more solar heat will be
transmitted into the building.
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So, when it comes to passive low-e glass in a double-pane IGU, placing coatings for optimal performance works much differently. The further away from the sun a passive low-e coating is placed, the more solar heat will be transmitted into the building. It is typically best to place passive low-e coatings on the surfaces of the innermost lite of glass. In a double-pane IGU, these are surfaces #3 and #4. And unlike solar control low-e coatings, coating more than one surface does not have a significant impact on performance. 

In climates where heat gain is desired, the coating is most recommended on the surface #3 or surface #4 of a 1-inch IGU, which is the air-space side or interior side of the innermost lite. A passive low-e coating on the third surface will allow more heat to pass through the glass during the day, while providing the added benefit of low-e performance. When paired with a tinted or reflective glass, insulating performance can be improved by up to 30 percent when the passive low-e coating is placed on the #4 surface of a 1-inch IGU. 
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Triple-Pane Passive
Low-E Coatings

e [or optimal performance, place the low-e
coating on surface #5.

® For additional insulating performance, the
low-e coating can be moved to surface #4
and a second low-e coating engineered for
“interior surface” can be added to surface #6.

e Marginally improve insulating performance by
adding a second passive low-e coating to
surface #3.
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For a triple-lite IGU, the same idea applies: place the passive low-e coatings on one of the surfaces on the innermost lite of glass. 

For the optimal passive low-e performance on a triple-glazed IGU with one coating, place the passive low-e coating on surface #5.

For additional insulating performance, the low-e coating can be moved to surface #4 and a second low-e coating engineered for “interior surface” can be added to surface #6.  Due to the nature of low-e coatings and manufacturing processes, a piece of glass can typically only have a low-e coating on one surface.

Adding a passive low-e coating on more than one surface can result in a marginal performance improvement. That said, U-value and insulating performance can be improved by adding a second passive low-e coating to surface #3.  
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Definitions & Comparisons of
Glass Performance Measures
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In this next section, the presentation will focus on defining the key glass performance measures and the relationships between them, including how they differ and how they can impact glass performance. 
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Recall this illustration from the beginning of this course, which demonstrates the difference between short-wave energy and long-wave energy. Short-wave energy, as indicated by the straight lines, is energy that emanates directly from the sun in the form of sunlight. 

Long-wave energy, indicated by the squiggly lines, results when short-wave energy (sunlight) is reradiated from glass, metal, water or another surface. Long-wave energy is being deflected or reradiated by a low-e coating, which is depicted by the layer in the airspace of the IGU.


Definitions & Comparisons of Glass Performance Measures

Important Measurements

There are four important measurements of glass
performance. They are:

e Visible light transmittance (VLT)
e Solar heat gain coefficient (SHGC)
e Winter nighttime u-value

e Lightto solar gain (LSG)

FRONTRUNNER SYSTEMS
ARCHITECT: EKASH ASSOCIATES
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There are four important measurements of glass performance. They are:
Visible light transmittance (VLT)
Solar heat gain coefficient (SHGC)
Winter nighttime u-value
Light to solar gain (LSG)



Definitions & Comparisons of Glass Performance Measures

Coated Glass Terms

e U-Value: A measure of the insulating characteristics of the glass or how much
heat loss it allows. U-values generally range from 0.2 (very little heat loss) to 1.2
(high heat loss).

e Visible Light Transmittance (VLT): A measure of how much light passes
through a window. VLTs range from O (no light) to 1 (all light).

e Solar Heat Gain Coefficient (SHGC): Measures how well a window blocks the
heat from sunlight. SHGC is the fraction of solar radiation transmitted through a
window or skylight, as well as the amount that is absorbed by the glass and
reradiated to the interior. SHGC is expressed as a decimal between 0 and 1. The
lower a window's SHGC, the less solar heat it transmits and the greater its
shading ability.

e Lightto Solar Gain (LSG): Measures the ratio of visible light to solar heat gain
(LSG = VLT + SHGC).
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U-value is a measure of the insulating characteristics of the glass or how much heat flow occurs through the glass due to the difference between indoor and outdoor temperatures. The U-value of a window is measured by the number of BTUs that will pass through each square foot of area per degree of temperature difference from one side of the window to the other. U-values can tell you how well your windows will hold in heated or cooled air. The lower the number, the better the insulating performance. U-values generally range from 0.2 (very little heat loss) to 1.2 (high heat loss). 

Visible light transmittance or VLT is a measure of the percentage of light a glass transmits into a home or a building. VLTs range from 0 (no light) to 1(all light). 

Solar heat gain coefficient (SHGC) measures heat transmittance – or more specifically, the ability of the glass to block solar heat. It is a fraction of incident solar radiation admitted through a window, both directly transmitted and absorbed and subsequently released inward. SHGC is expressed as a decimal between 0 and 1. The lower a window's solar heat gain coefficient, the less solar heat it transmits.

Light to Solar Gain (LSG) measures the ratio of visible light to solar heat gain and is calculated by dividing VLT by SHGC. 


Definitions & Comparisons of Glass Performance Measures

Visible Light Transmittance (VLT)
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To explain VLT, we’ll begin by defining the characteristics of visible light:
Visible light transmission (VLT) is the percent of the visible spectrum of sunlight that is passing through a piece of glass.
VLT is expressed as a figure between 0 and 100. A glass with VLT of 0 would transmit no sunlight whatsoever, while a glass with a VLT of 100 would transmit all of the sun’s light. 
There is no glass that has a VLT of either 0 or 100 percent. Nevertheless, VLT gives architects a useful tool for measuring one important aspect of a glass’ performance--its ability to transmit light or, in other words, to facilitate “daylighting.”
A higher VLT is required to achieve maximum daylighting.
The management of VLT is important because too much light can cause glare. 


Definitions & Comparisons of Glass Performance Measures

Solar Heat Gain Coefficient (SHGC)
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While visible light transmittance (VLT) measures light transmittance through a glass, solar heat gain coefficient (SHGC) measures heat transmittance—or, more specifically, a glass’ ability to block solar heat. 
As with VLT, SHGC is measured in values from 0 to 100, with 0 representing an impenetrable wall against solar heat and 100 representing direct exposure to the sun’s heat. 
The lower a window's SHGC, the less solar heat it transmits and the greater its shading ability. The SHGC is similar to the shading coefficient, but also accounts for absorbed, convected and inwardly radiated solar energy.
Expressed more directly, a glass with SHGC of 0.27 allows only 27 percent of the sun’s incident solar energy to pass through, which means it blocks 73 percent. Glass with SHGC of 0.27 blocks more infrared energy (heat) than one with SHGC of 0.28 or higher.
Solar heat gain coefficient is also a measurement referenced in ASHRAE standards 
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Additional Ways to Reduce Heat Gain

e Darker glass/multiple glass types

e Overhangs

e |[nterior shading devices ===

e Switchable technologies

e Ceramic frit

. . Sverh
e White laminate verhang

Darker glass

Interior shading
device

|[|
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Other ways to augment low-e coatings to reduce heat gain include:
Using darker glass or multiple glass types. Heat gain can come from both the infrared and visible parts of the light spectrum. While most low-e coatings are designed to reduce heat from infrared light, darker-colored glasses, such as tinted glasses, can reduce both heat gain and visible light while also reducing glare. 

In addition:
Installing overhangs that provide a degree of shading
Adding interior shading devices like blinds or window shades
Using switchable technologies where the technology modulates the amount of light coming through the glass in response to changing light levels outside
Adding a ceramic frit 
Using a white laminate


Definitions & Comparisons of Glass Performance Measures

Winter Nighttime U-Value
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Winter nighttime u-value is a measure of a glass’ insulating value and its ability to retain heat within the building interior. Specifically:
U-value is a measure of the insulating characteristics of the glass or how much heat gain or loss occurs through the glass due to the difference between indoor and outdoor temperatures. 
The lower the number, the better the insulating performance. This number is the reciprocal of the R-Value. 
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Ways to Reduce U-Values & Improve
Insulating Performance

e Utilize low-e coatings

e Use double-or triple-glazing

e Optimize gas cavity

e Use a noble gas (Argon or Krypton) fill

e Specify warm-edge spacers

e Apply low-e coatings within air cavity and to interior surfaces
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Some of the ways U-values can be reduced and insulating performance improved are:

Utilize low-e coatings. 
Using double or triple-glazed glass panels, which allow a high level of solar heat gain, along with a low U-values to keep the heat in.
Optimize the gas cavity between lites of glass. ½” airspace between lites is the optimum. Airspaces that are too wide or too narrow have lower R-values, which means they allow too much heat transfer.
Using a noble gas in the airspace, such as argon or krypton. Filling the space with a less conductive, more viscous or slow-moving gas minimizes the convection currents within the space. Conduction through the gas is reduced, which reduces the overall transfer of heat between the inside and outside.
Specifying warm-edge spacers that create an effective thermal barrier. 



Definitions & Comparisons of Glass Performance Measures

Light to Solar Gain (LSG)
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Light to Solar Gain (LSG) measures the ratio of visible light to solar heat gain and is calculated by dividing VLT by SHGC. 

The purpose of the LSG ratio is to help architects measure a glass’ relative environmental performance via its combined ability to both transmit light and block heat.  



Definitions & Comparisons of Glass Performance Measures

Benefits of Double- and Triple-
Glazing

Double-glazing

e Energy efficient

e Thermal insulation benefit

Triple-glazing

e More surfaces available for additional low-e coatings
e More energy efficient

e Thermal insulation benefit

Acoustic performance
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As mentioned, one way to improve u-values is to specify insulating glass units (IGUs) which combine multiple “lites” or panes of glass. 

Generally, the benefits of double-glazing are:
Energy efficient
Thermal insulation benefit

The benefits of triple-glazing are:
More surfaces available for additional low-e coatings
More energy efficient
Thermal insulation benefit
Acoustic performance


Triple-glazed glass units are more energy-efficient than double-glazed units due to the additional pane of glass and gas-filled cavity. In fact, with a triple-glazed window, the winter nighttime U-value is .31 – a 34% improvement over the double-glazed window. The thermal efficiency of triple-glazed units ensures that cold spots are eliminated and can deliver excellent thermal acoustic performance, minimizing noise levels from outside. 
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Optimizing
Glass Cavity

e |[nsulating glass units, or IGUs, are
designed to keep buildings warmer in
the winter and cooler in the summer.

e 15" |s the optimal cavity size for air-filled
units.

Gas Space, Inches
(Window 4.0, Ti = 70°F, To = 0°F)
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Insulating glass units are designed to keep buildings warmer in the winter and cooler in the summer. As we discussed previously, an IGU consists of two lites of glass with four surfaces, and sometimes even three lites of glass with six surfaces.

The optimal gas space width for air is ½-inch. By using a double-glazed window with 6mm glass lites, you can achieve a winter night-time U-value of .47 without the use of a low-e coating. Low-e coatings and the use of noble gasses, such as Argon, can lower this number further.

Remember, a lower U-value means a slower rate of heat flow through the IGU. 
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Using a Noble Gas
(Argon or Krypton)

e Performance can be improved by
filling the space between the two
lites with a noble gas, such as
argon or krypton.

e 90% argon gas-fill insulating value
can be improved by up to 16%.

e Krypton can improve the insulating

value in a low-e IGU by up to 27%.

Gas Space, Inches
(Window 4.0, Ti = 70°F, To = 0°F)
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Performance can also be improved by filling the space between the two lites with a noble gas, such as argon or krypton. These gases are denser than air and reduce the amount of heat transfer through the IGU. 

When 90 percent argon gas-fill is used in a low-e IGU instead of air, the window’s insulating value can be improved by up to 16 percent. Krypton can improve the insulating value in a low-e IGU by up to 27 percent.

While argon gas is relatively cheap, using it can result in a slower cycle time in fabrication, which also adds to increased costs. 

Krypton performs much better than argon, but it can be very expensive – up to 1,000 times more than argon. Plus, you have the same added fabrication time and costs that you find with Argon.

However, even with that performance differential, gas-filled IGUs are more widely used for residential windows than for large commercial buildings. Unlike homes, large commercial buildings can save the most energy by preventing solar heat radiation from even entering the building because by doing so it helps contain air conditioning costs. It is for this reason that commercial glass design has focused more on reducing the solar heat gain coefficient than on increasing insulating properties; however, this is evolving to greater emphasis on both areas.

According to the National Glass Association, if 80 percent of the gas remains in spite of gradual leakage over time, a window can be expected to maintain its properties and effectiveness.  That means that, even if 1 percent was leaking out per year, the window would still be effective in 20 years.

If the breach is significant, however, the window will no longer be an effective thermal barrier and may require replacement. Condensation or fog inside the window unit indicates that the gas fill has escaped and been replaced with moisture-laden air. Leaks can be detected only with special gas-detection equipment.  But leaked argon or krypton poses no health hazards to a building’s occupants.

Due to molecular differences between argon and the principal components of air—nitrogen and oxygen—argon under pressure to escape a window unit may exit the seal faster than it can be replaced with air. Under this circumstance, the glass will bend inward to accommodate the gradual reduction in pressure within the window. This phenomenon is quite rare, however, especially in newer windows with superior seals.


Definitions & Comparisons of Glass Performance Measures

Specifying
Warm-Edge Spacers

Create an effective thermal barrier at the
edge of the IGU to help reduce heat
loss.

Can strengthen the glazing system
better retain insulating gases.

BUILDING BUILDING
EXTERIOR INTERIOR
e——Air, argon or
other gas fill
#1 Surface #3 Surface
#2 Surface #4 Surface
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Spacers also can improve the insulating efficiency, or U-value, of the glazing system. In an IGU, the lites of glass are separated by a spacer material and sealed together at the edges. The insulating airspace is filled with air or a noble gas. 

Certain spacers are considered "warm-edge" spacers, which create an effective thermal barrier at the edge of the IGU to help reduce conducted heat loss through the window unit. These types of spacers often make the glazing system stronger and better at retaining insulating gases than conventional designs.



How Low-E Coatings Improve Energy Efficiency

Key Glass Performance Measures
(in 1-inch IGU + Clear Glass)

Low-e, ¥2" airspace, ¥%4" clear

Clear (Uncoated) 0.47 79% 0.70
Passive Low-E 0.32 76% 0.60
Double-Silver Solar Control Low-E 0.29 70% 0.39
(High VLT/Low Reflectance)

Triple-Silver Solar Control Low-E 0.28 64% 0.27
(High VLT/Low Reflectance)

Quad-Silver Solar Control Low-E 0.29 51% 0.23

(High VLT/Low Reflectance)

*Specific manufacturers’ values may vary slightly
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Visible light transmittance (VLT), solar heat gain coefficient (SHGC) and winter nighttime U-values can vary widely from one individual glass product to the next, depending on any number of variables, from what type of coating is specified to whether its surface is tinted or clear. 

These measures also can hinge on whether the glass is specified as a monolithic (single) pane of glass or is incorporated into an insulating glass unit (IGU). 
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Tradeoffs Between VLT and SHGC for
Coated Glass
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Likewise, in this chart, you can see that advances in low-e coating technology have improved both VLT and SHGC performance. Quad-silver coated low-e glass, a newly introduced low-e coating, improves on its predecessor, triple-silver coated low-e glass, by more than 10 percent in VLT and almost 5 percent in SHGC. 
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Tradeoffs Between VLT and SHGC
for Tinted Glass
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Data based on a 1-inch IGU of tinted glass + clear.
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This chart illustrates the tradeoffs between visible light and solar heat gain coefficient. For example, darker tints block more solar heat but also block more visible light. 

Lighter, less color-intense tints tend to allow more visible light but do little to block solar heat. 

When using any tinted glass, low-e coatings are usually recommended, as tinted glasses typically don’t perform well enough independently. 
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How Low-E Coatings Improve Energy
Efficiency
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Now that you have an understanding of how low-e glass works and impacts key performance measures, we’ll now review how low-e glass improves energy efficiency and supports sustainable design objectives. 


How Low-E Coatings Improve Energy Efficiency

Energy and Environmental Performance
for Glazing

Low-e, ¥2" airspace, ¥%4" clear

Clear (Uncoated) 0.47 79% 0.70
Passive Low-E 0.32 76% 0.60
Double-Silver Solar Control Low-E 0.29 70% 0.39
(High VLT/Low Reflectance)

Triple-Silver Solar Control Low-E 0.28 64% 0.27
(High VLT/Low Reflectance)

Quad-Silver Solar Control Low-E 0.29 51% 0.23

(High VLT/Low Reflectance)

*Specific manufacturers’ values may vary slightly
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The energy and environmental impacts that the different types of low-e coatings have on buildings come in the form of energy consumption for heating, cooling and artificial lighting. 

You can see from these typical performance measures how different types of low-e glass—passive and solar control—differ in terms of their ability to transmit light (VLT) and heat (SHGC) as well as retain interior temperatures (U-Value). 

For example, passive low-e options have a higher U-value and solar heat gain coefficient.  On the other hand, solar control low-e glasses have a lower U-value and much lower solar heat gain coefficients. 

One other point that this table illustrates is that solar control low-e glass performance varies by technology. As solar control low-e coatings have advanced since their introduction in the 1980s, by adding functional layers of silver, solar control performance has improved dramatically. 
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HVAC, Ventilation and Artificial Lighting

* 61% of a building’s energy use

« Higher-performing low-e glasses quickly recoup upfront investment

Commercial Facility Primary Energy Use Splits

Water Heating, 7%

[CATEGORY NAME]

Computers, 4%
Cooking, 2%

b Other, 14%

Cooling, Ventilation
& Lighting, 61%

Space Heating, 13%

U.S. DOE, Office of Energy
Efficiency and Renewable A

Energy (2012) 2011 Buildings Electronics, 8%
Energy Data Book.
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Sixty-one percent of a building’s total energy use consists of HVAC, ventilation and artificial lighting costs—all areas in which glass can make significant, long-term cost savings contributions. It’s important to note that while higher performing low-e glasses typically cost more upfront, they also greatly facilitate downsized mechanical equipment costs and reduced energy costs for continuous, long-term savings. Typically, the investment in a higher performing low-e coating will return its investment relatively quickly. 

Not surprisingly, commercial buildings use lots of energy. According to the U.S. DOE, Office of Energy Efficiency and Renewable Energy (2012) 2011 Buildings Energy Data Book, they consume 48 percent of all the energy used in the U.S., including an astounding 76 percent of all the electricity.

As you can see from this pie chart, this energy is used in the two areas most directly influenced by glass specification – HVAC equipment operation and interior lighting. 

The lesson this chart spells out is clear: The more architects specify energy-efficient glass, the more profoundly they can effect energy use in the United States. 

This chart also demonstrates why architectural glass manufacturers are working so diligently to advance glass technology, and why energy-efficient glass can play an integral role in helping a building become LEED-certified.
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Commercial Electricity Prices

By Sector Real® Prices, 2005-2014
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As we all know, the U.S. is focused on ways to improve energy efficiency because of increasing costs. This chart from the U.S. Energy Information Administration, Annual Energy Review illustrates the fluctuations in the price of electricity over the decade.

Obviously, the cost of electricity is a burden on Americans’ pocketbooks, but our level of electricity consumption also places an enormous burden on the environment. This is especially true in certain parts of the country, where electricity comes primarily from the burning of coal, which releases large amounts of greenhouse gases into the atmosphere.


How Low-E Coatings Improve Energy Efficiency

1U.S. DOE, Energy Information Administration (EIA) (2012) Annual Energy Review 2015. 2EIA (2016) 2012 Commercial
Buildings Energy Consumption Survey. 3 EIA (2012) Annual Energy Outlook 2012.

Potential Impact
of Energy-Efficient Glazing

Most buildings in the country are not clad with the most ‘*’1
efficient glass available.

Commercial buildings consumed 19% of all energy in the
U.S.in 2012.1

There are approximately 5.6 million commercial buildings
comprising 87 billion square feet of built environment in the
U.S.2

By 2035 that figure is expected to climb to 103 billion square
feet.3

If this new development incorporates the most efficient
glass technology available, significant upfront and long-term
savings will result.

MCGILL UNIVERSITY, SCHULICH SCHOOL OF MUSIC
ARCHITECT: MENKES SHOONER DAGENAIS LETOURNEUX; SAUCIER + PERROTTE ARCHITECTES
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Let’s consider the potential impact energy-efficient glazing can have on the environment, beginning with the current state of America’s built environment. 

Unfortunately, as you might expect, most buildings in the United States are clad with low-performing glass technology, such as monolithic glass or dual-pane tinted windows. Commercial buildings consumed 19% of all energy in the U.S. in 2012.

Currently, there are approximately 5.6 million buildings in the U.S., comprising 87 billion square feet of built environment. It is estimated that by 2035, that figure is expected to climb to 103 billion square feet. If this new development incorporates the most efficient glass technology available, significant upfront and long-term savings will result. 
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IECC®. Mapping Performance Needs

e |ECC® prescribes energy performance requirements.
e Eight U.S. regions with patterns of annual heating/cooling demands.

e Glass and window products can be specified based upon their “fit” for the region in
which they will be installed.
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The International Energy Conservation Code® (IECC) prescribes energy performance requirements to allow for energy-efficient choices when specifying glazing. IECC requirements are centered around a map that includes eight U.S. regions, with distinct patterns of annual heating/cooling demands. Glass and window products can be specified based upon their “fit” for the region in which they will be installed. 
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Commercial Energy Code Status

As of November 2017
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Il 1ects or exceeds ASHRAE 90.1-2010 or equivalent (17) [ No statewide code or predates ASHRAE 90.1-2004 (11)

Il 1eets or exceeds ASHRAE 90.1-2007 or equivalent (15)
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In recent years, there have been three overarching trends related to energy efficiency and sustainability codes. 
First, starting with the 2009 IECC, there has been increased state adoption of energy codes due to federal incentives, as well as federal funding to improve enforcement. But there are places that haven’t updated their energy code or don’t enforce it. Even there, you will still see recent performance changes in the energy and green codes represented in specifications and new product offerings.
Second, the increased focus in energy efficiency has led to significant increases in stringency of the main energy codes, both for overall buildings and glazing, as will be shown in the following slides.
Third, there has been an expansion of green programs, not only with the newest version of LEED becoming required as of Oct. 31, 2016, but also the “green codes” of ASHRAE 90.1 and the International Green Construction Code, which are written in more code format. The U.S. Army already incorporates many aspects of ASHRAE 90.1 and several state and city jurisdictions refer to IECC or 90.1 for publicly funded buildings.
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Increasing Stringency — ASHRAE 90.1
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This chart shows the stringency of the ASHRAE 90.1 standard over time as measured through Energy Use Intensity (EUI), as a national average. EUI is calculated by dividing the total energy consumed by the total gross floor area of a building. 

Since its inception in 1975, the energy use of a building built to ASHRAE 90.1 has been cut approximately in half. That’s significant. And even recently, the most recent 2016 version has reduced the energy use by 42 to 43 percent compared to the 2004 version.
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Increased Stringency for Windows

U-factor has seen steady decrease. Example in zone 5 (Chicago):

e For ASHRAE 90.1, 7%-9% reduction from 2010 to 2013 and then another 8%-10%
reduction from 2013 to 2016.

e |ECC made the jump all at once — 16%-18% reduction from 2009 to 2012, then stayed
same for 2015.

SHGC has been more stable. From 2007-2016:
e (.25 in south, higher in central and northern zones (0.36 to 0.45).
e Credit given for exterior shading from overhangs, sun shades.

e 90.1 includes additional requirements encouraging proper building orientation, and
lower SHGC or shading on west and east.

IMPORTANT: Code requirements are for the whole assembly including both the framing
and glazing, not just center-of-glass only. Must be based upon NFRC technical
procedures, but does not have to be full NFRC certification, except in certain

locations, such as California and Seattle.
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Energy codes are written to create buildings that are more energy efficient and therefore, better stewards of the environment. The IECC and ASHRAE codes represent a pragmatic approach to addressing the climate zone of the building. The U-value and SHGC targets are based upon a model using 40% window and 60% wall. 
 
For example, Chicago (climate zone 5) has seen both the ASHRAE 90.1-2016 and IECC 2012, 2015 energy codes create a higher performing U-value target of 0.38 for a fixed metal fenestration. Conversely, in Florida (climate zone 2) ASHRAE 90.1-2016 requires a U value target of 0.54  and IECC 2012, 2016 requires a U-value target of 0.50. 
 
Using the same two climate zones for an SHGC discussion, you will find that the energy code takes the same pragmatic approach. In climate zone, 5 ASHRAE 90.1-2016 requires a SHGC target of 0.38 and IECC 2012, 2016 requires a SHGC target of 0.40. In climate zone 2  ASHRAE 90.1-2016 and IECC 2012, 2016 both require a SHGC target of 0.25.
 
It is important to consult local codes that may require more stringent targets.
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Energy and Environmental Performance

e The U.S. Green Building Council
= Promote energy efficiency and sustainable design
= | EED® (Leadership in Energy and Environmental Design) program
= LEED ® credits influenced by glass selection:
- Energy and Atmosphere (Energy Savings) — 18 points available
e Cradle to Cradle Certification, MBDC

e Environmental Product Declarations (EPD)

™
‘ CERTIFIED ' @

cradletocradle
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If a glass’ appearance isn’t the first consideration for an architect, its energy and environmental performance is. As a result, understanding the metrics we discussed earlier -- visible light transmittance, solar heat gain coefficient and U-value – are critical, especially as they relate to green buildings and LEED certification. 

Energy and environmental aspects to consider include: the impact to cooling and heating, natural light (daylighting), the ability to reduce greenhouse gas emissions by lowering HVAC load, LEED credits/certification from the U.S. Green Building Council, and Cradle to Cradle™ Certification, as well as issues related to safety including thermal breakage, wind load and sound attenuation.

In addition, Environmental Product Declarations (EPDs), EPDs are voluntary and transparent reports made by companies regarding the life-cycle impacts of their products on the environment. Reporting and documentation for product-specific EPDs address energy use and emissions associated with a product’s manufacture and packaging, as well as the extraction, transportation and processing of related raw materials.

The bottom line, however, is this: No matter which type of glass you choose for a building – tinted, clear or a combination of both – modern glass technology is dramatically increasing the number of options available to help architects achieve the specific look, and energy and environmental performance they want for a building.
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LEED® Overview

» Established by the USGBC in 1998
* Premier benchmark for sustainable design
e New construction after Nov. 1, 2016 requires LEED ® v4
* Older projects may be “grandfathered” to previous versions

e Must collect at least 40 points for minimum level of LEED®

Certified Silver Platinum

40-49 points 50-59 points 60-79 points 80+ points
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The recent emphasis on code requirements has led to an increase in improvements above the baseline requirements, encouraging a greater focus on LEED accreditations. All new construction after November 1, 2016 requires LEED® v.4, although older projects can be grandfathered to previous versions. 

LEED accreditation is all about designing a better building that’s going to be more environmentally responsible. 

To qualify as LEED-certified, buildings must collect 40 points to earn the minimum level of compliance. Buildings can achieve advanced levels of compliance by earning more points.
�40-49 points earns baseline LEED certification. 

50-59 points earns LEED Silver certification. 

60-79 points earns LEED Gold certification. 

80 points or more earns the highest accreditation—LEED Platinum certification. 
�
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LEED® Credit Categories
Where Glass Can Contribute

* Points can be earned across numerous credit categories:
* Integrative Process — 1 point
* Sustainable Sites — 2 points
* Material & Resources — 2 points
* Building Product Disclosure & Optimization — 1 point
* Indoor Environmental Quality — 1 point

* |nnovation — 6 points

* Energy & Atmosphere — 18 points available

“==EPD
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Through the use of low-e glass, LEED points can be earned across a number of credit categories listed here. Each of these categories has numerous sub-credits that specify the requirements needed to earn LEED points with your glass selections. 

One point can be earned through the Integrative Process category’s Applicable Requirement, Energy Modeling & Analysis. 

The Heat Island Reduction path, within the Sustainable Sites category, offers another two points toward LEED accreditation for using glass products compatible within systems with low Solar Reflectance Index, or SRI, values. 

The Material and Resources category, which incentivizes using Cradle to Cradle products or products with optimized supply chains, can provide another two points. 

Within Material and Resources, the “Environmental Product Declaration (EPD)” option under the “Building Product Disclosure and Optimization” credit, incentivizes the use of products with industry-wide or product-specific documentation that provide detailed data about the life-cycle impacts of the products. One point can be earned with this option by utilizing products with third-party verified EPDs. 

Another point can be earned within Indoor Environmental Quality’s Thermal Comfort path, which focuses on using products that meet ASHRAE or CEN standards. 

Through the Innovation category, five additional points can be earned by exceeding minimum performance requirements mandated by local energy codes. 

However, the category with the greatest opportunity to earn LEED points is Energy and Atmosphere, which offers 18 points that can be earned through glass selections. 
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Energy & Atmosphere (EA)

Credit: Optimize Energy Performance
* 18 points available

* [Intent: To achieve increasing levels of energy performance beyond the
prerequisite standard to reduce environmental and economic impacts associated

with excessive energy use.
* Applicable Requirements:

* Whole Building Energy Simulation (Option 1) — 18 points available

* Prescriptive compliance: ASHRAE Advanced Energy Design Guide (Option 2)
— 1 point available
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With 18 total points available under the “Optimize Energy Performance” credit category, the Energy and Atmosphere (EA) category approaches energy from a holistic perspective, addressing energy use reduction, energy-efficient design strategies, and renewable energy sources.

The intent of this credit is to achieve “increasing levels of energy performance beyond the prerequisite standard to reduce environmental and economic impacts associated with excessive energy use.” 

There are two paths available through which you can earn points. These Applicable Requirements are titled “Whole Building Energy Simulation” and “Prescriptive Compliance: ASHRAE Advanced Energy Design Guide.”

The “Whole Building Energy Simulation” path, which offers 18 points in total, requires that you demonstrate a percentage improvement in the proposed building performance rating compared with the baseline building performance rating. The USGBC provides calculation models on its website, USGBC.org. Under this path, 18 total points can be earned by demonstrating a 46% reduction in energy cost savings for new buildings and 42% reduction in energy cost savings for existing building renovations.  

The “Prescriptive Compliance” credit, which offers an additional point, requires compliance with the prescriptive measures of the ASHRAE Advanced Energy Design Guide appropriate to the scope of your project. The USGBC website outlines definitions of three scope categories: Small Office Buildings, Small Retail Buildings and Small Warehouses and Self-Storage Buildings. 
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Now, we’ll review some examples of completed projects that demonstrate the potential applications of solar control and passive low-e glass. 
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Nemours/duPont
Hospital for Children

e Location: Wilmington, Delaware

e Architect: FKP Architects
e Certification: LEED® Silver
e Strategy: Solar Control Low-E

e Products:

= Double-silver MSVD solar control low-e
glass with aqua-blue tint

=  Triple-silver MSVD solar control low-e
glass
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Located in Wilmington, Delaware, Nemours/duPont Hospital has undergone a series of expansions since its founding in the 1940s. The latest, a 450,000 square-foot addition, was designed to maintain the facility’s legacy of world-class treatment by drawing on the latest principles in health care design, including cozy, child-friendly patient rooms; welcoming, amenity-filled spaces for families and caregivers; healing gardens; and large, open areas filled with abundant natural light.

The ground floor of this LEED Silver certified building uses an advanced triple-silver MSVD solar control low-e coating to achieve a solar heat gain coefficient of 0.27 and an Light to Solar Gain ratio of 2.37. Floors 2 through 5 use a double-silver MSVD solar control low-e coating with an aqua-blue tint to achieve a SHGC of 0.28 with an LSG ratio of 1.93. The aqua-blue appearance of the double-silver product is complemented throughout the hospital by tall panels of the triple-silver MSVD solar control low-e glass and in the skylights that top the soaring central atrium. The goal with both products was to bring as much daylight as possible into occupied spaces. 
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The Tower at PNC
Plaza

Location: Pittsburgh, Pennsylvania
Architect: Gensler
Certification: LEED® Platinum

Strategy: Double-wall design with
passive low-e glass

Products:

= MSVD passive low-e on low-iron
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Opened in 2015 and planned to be one of the greenest office buildings ever built, the 33-story Tower at PNC Plaza high-rise office building appears on the surface to be a conventional glass-and-steel skyscraper, yet the sleekly polished exterior hides a second glass façade that architectural firm Gensler designed, along with a rooftop solar chimney, to create a “breathing” building that uses fresh air and solar energy to naturally cool, heat and ventilate itself for much of the year. 

A MSVD passive low-e coating was used on a low-iron glass for its ability to trap solar heat in the winter and deflect it in the summer; and the iron lass which was chosen for its exceptional transparency. To accelerate achievement of these objectives, PNC and Gensler constructed a 1,200-square-foot mock-up of the 800,000-square-foot structure using insulating glass units (IGUs). The exterior IGUs incorporated two lites of 5/16-inch low-iron glass with a laminated interlayer, while inner units were constructed of 1/4-inch low-iron glass and 1/4-inch passive low-e on low-iron glass. Argon-gas-filled air spaces sealed with warm-edge spacers provided additional insulation, as did the thermally broken aluminum framing. 

In a 1-inch insulating glass unit, the passive low-e low-iron glass configuration generates a winter U-value of 0.32 and a solar heat gain coefficient (SHGC) of 0.72, which is 13 percent better than the 0.63 SHGC attained with conventional clear glass in a third-surface configuration. 


The Terry Thomas

e |ocation: Seattle, Washington
e Architect: Weber Thompson

Certification: LEED® Gold (Core and
Shell) / LEED® Platinum (Commercial
Interior)

Strategy: Solar Control Low-E

Products:

= Triple-silver MSVD solar control
low-e glass
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The Terry Thomas is one of Seattle’s architectural jewels and one of the country’s most impressive green buildings. That’s the judgment of the American Institute of Architects (AIA) Committee on the Environment (COTE), which honored The Terry Thomas as a top-10 best green building project.

The Terry Thomas is home to Weber Thompson, the architectural firm that designed the building with the goal of making it a showcase for sustainability, an effort that was ultimately rewarded with LEED® Gold for Core and Shell certification and Platinum for Commercial Interior certification by the U.S. Green Building Council (USGBC). 

As the owner of LEED’s two highest certification designations, The Terry Thomas features countless energy-saving mechanical, design and building material highlights. The most ambitious is a passive cooling system whose performance relies in part on windows fabricated from triple-silver MSVD solar control low-e glass. The first passive cooling system for a major office building in Seattle in decades, it is designed to cut energy use by 30 percent compared to similarly sized office buildings. 

Workers overlooking the courtyard have operable windows fabricated with the solar control low-e glass, enabling them to control the temperature and environment around their workspaces. The glass is also featured on the east and west facades, where custom-designed sunshades in front of the windows provide abundant daylight and limit solar heat gain. Along the north façade, gull-winged solar control low-e glass windows allow summer breezes to permeate the entire structure.
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This concludes the continuing education
portion of the course.

Here is a quick review of the learning objectives we discussed today:

e The solar energy spectrum and common glass performance measures

e The manufacturing processes for pyrolytic and magnetron sputter vacuum
deposition (MSVD) low-e coatings

e How passive and solar control low-e coatings differ and impact glass performance
measures

e Commercial energy usage and how low-e coatings can improve energy efficiency
and achieve LEED® credits



Presenter
Presentation Notes
This concludes the education portion of this slideshow. To review, you should now understand how low-e coatings work, the differences between passive and solar control low-e coatings, how the performance of low-e coatings is measured, and how the energy, environmental and economic benefits of low-e glass have been quantified.



Thank You

For more information visit vitroglazings.com
or call 1.855.887.6457 (1.855.VTRO.GLS)

Vitro Architectural Glass is an industry leader in manufacturing architectural glass and was
the first to introduce triple-silver MSVD solar-control Low-E glass.
For more information on the study and its results you can contact Vitro
by visiting vitroglazings.com, or by calling 1-855-VTRO-GLS (887-6457).



Presenter
Presentation Notes
Closing


	Slide Number 1
	Understanding Low-E Coatings 
	Understanding Low-E Coatings 
	Understanding Low-E Coatings 
	Understanding Low-E Coatings 
	Slide Number 6
	The Solar Energy Spectrum
	The Solar Energy Spectrum
	The Solar Energy Spectrum
	The Solar Energy Spectrum
	The Solar Energy Spectrum
	Slide Number 12
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Passive and Solar Control Low-E Coatings
	Slide Number 28
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	How Low-E Coatings Improve Energy Efficiency
	Definitions & Comparisons of Glass Performance Measures
	Definitions & Comparisons of Glass Performance Measures
	Slide Number 45
	How Low-E Coatings Improve Energy Efficiency
	�How Low-E Coatings Improve Energy Efficiency�
	�How Low-E Coatings Improve Energy Efficiency�
	�How Low-E Coatings Improve Energy Efficiency�
	�How Low-E Coatings Improve Energy Efficiency�
	How Low-E Coatings Improve Energy Efficiency
	How Low-E Coatings Improve Energy Efficiency
	How Low-E Coatings Improve Energy Efficiency
	�How Low-E Coatings Improve Energy Efficiency�
	How Low-E Coatings Improve Energy Efficiency
	How Low-E Coatings Improve Energy Efficiency
	How Low-E Coatings Improve Energy Efficiency
	Slide Number 58
	Understanding Low-E Coatings 
	Understanding Low-E Coatings 
	Understanding Low-E Coatings 
	How Low-E Coatings Improve Building Performance
	Features & Benefits of Vitro Architectural Glass

