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Using this Guide 
These guidelines provide an integrated approach to the cost-effective design of perimeter zones 
in new commercial buildings and existing building retrofits. They function as a quick reference 
for building designers, through a set of easy steps and rules-of-thumb, emphasizing “how-to” 
practical details. References are given to more detailed sources of information, should the reader 
wish to go further. 

The design method used in this document emphasizes that building decisions should be made 
within the context of the whole building as a single functioning system rather than as an 
assembly of distinct parts. This integrated design approach looks at the ramifications of each 
individual system decision on the whole building. For example, the decision on glazing selection 
will have an effect on lighting, mechanical systems, and interior design. Therefore, the entire 
design team should participate and influence this glazing decision—which typically rests with 
the architect alone. The benefit of an integrated design approach is a greater chance of success 
towards long-term comfort and sustained energy savings in the building. 

Basic Guidelines 
No guidelines can answer all possible questions from all types of users. However, this document 
addresses the most commonly occurring scenarios. The guidance here is limited by the medium; 
short paper documents can only go so far in assisting a designer with a unique project. This 
document has been carefully shaped to best meet the needs of a designer when time does not 
permit a more extensive form of assistance. 

These guidelines are primarily applicable to typical commercial buildings with office-like 
occupancy (including schools, laboratories, and other working environments), standard 
construction, and windows as the primary source of natural light (skylights are not addressed). 

These guidelines are distinguished from existing materials in their how-to focus and their 
explicit support of design integration. Background material (basic principles, for example) is not 
included. 

The design professional is ultimately responsible for all design decisions. The user is assumed to 
have a basic knowledge of lighting and daylighting principles.  

Advice is given in a simplified, rule-of-thumb format. More detailed and accurate assistance is 
best provided by an expert consultant or an advanced computer tool. 
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4 Glazing Selection 
OBJECTIVE: Make an informed glazing selection from all design 
perspectives.  

Choose glazing to maximize daylight effectiveness and occupant comfort, and 
to minimize energy use, while still meeting architectural objectives.  

 KEY IDEAS 

Glazing Technology 

There are a number of glazing properties to consider when choosing a 
product. Glazing selection should be a careful process of evaluating and weighing trade-offs and 
prioritizing performance characteristics. Review all of the critical characteristics of glazing, 
listed in product brochures, for a good all-around selection. See a brief explanation of these 
properties below. For greater detail and supporting data and graphics, visit 
www.commercialwindows.org, which is a very useful reference for all of the technical issues 
referred to in this section. 

 Visible Transmittance, sometimes called “daylight transmittance,” is the percentage 
of visible light striking the glazing that will pass through. Visible transmittance values 
account for the eye’s relative sensitivity to different wavelengths of light. Glazings with a 
high visible transmittance appear relatively clear and provide sufficient daylight and 
unaltered views; however, they can create glare problems. Glazings with low visible 
transmittance are best used in highly glare-sensitive conditions, but can create both 
“gloomy” interiors under some weather conditions and diminished views; they are 
unsuitable for most daylighting applications, since they do not provide enough light for 
typical visual tasks. Note that some glazings can have a high visible transmittance but 
obscure views (e.g., frosted or patterned options). 

 U-Value (W/m2·K, Btu/h·ft2·˚F) is a measure of heat transfer through the glazing due to 
a temperature difference between the indoors and outdoors. U-Value is the rate of the 
heat flow, therefore lower numbers are better. Glazing products usually list U-Value. 
Center-of-glass U-values are generally lower than whole-window U-values, which 
account for the effect of the frame and mullions. This property is important for reducing 
heating load in cold climates, for reducing cooling load in extremely hot climates, in any 
applications where comfort near the windows is desired, and where condensation on 
glass must be avoided. 

 Solar Heat Gain Coefficient (SHGC) or Shading Coefficient (SC) are indicators 
of total solar heat gain. SHGC, which has replaced SC, is the ratio of total transmitted 
solar heat to incident solar energy, typically ranging from 0.1 to 0.9, where lower values 
indicate lower solar gain. These indices are dimensionless numbers between 0 and 1. 
These properties are widely used in cooling load calculations and are closely related to 
visible transmittance values. Generally, SC ≈ 1.15 x SHGC. 

 Visible Reflectance, or “daylight reflectance,” indicates to what degree the glazing 
appears like a mirror, from both inside and out. It is the percentage of light striking the 
glazing that is reflected back. Most manufacturers provide both outside reflectance 
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(exterior daytime view) and inside reflectance (interior mirror effect at night). All 
smooth glass is somewhat reflective; various treatments such as metallic coatings 
increase the reflectance. High reflectance brings with it low visible transmittance and all 
the interior disadvantages that may be associated with that characteristic. 

 Ultraviolet Transmittance indicates the percentage of ultraviolet radiation (a small 
portion of the sun’s energy) striking the glazing that passes through. Ultraviolet radiation 
(UV) is responsible for sunburn of people and plants, and it contributes to fabric fading 
and damage to artwork. Many energy-efficient glazings also help reduce UV 
transmission. 

 Spectral Selectivity refers to the ability of a glazing material to respond differently to 
different wavelengths of solar energy; in other words, to admit visible light while 
rejecting unwanted invisible infrared heat (Figure 18). Newer products on the market 
have achieved this characteristic, permitting much clearer glass than previously available 
for solar control glazings. A glazing with a relatively high visible transmittance and a low 
solar heat gain coefficient roughly indicates that a glazing is selective. Spectrally selective 
glazings use special absorbing tints or coatings, and are typically either neutral in color 
or have a blue or blue-green appearance. 

 Glazing Color affects the appearance of view (bronze will dull a blue sky, for example) 
and the appearance of interior finishes. Examine carpet, fabric, and paint samples in 
daylight that comes through the intended glazing to be sure colors are not changed 
undesirably. Glazing color is also a dominant determinant of the exterior appearance of 
the building facade. Color is the property that often dominates glazing selection and can 
thus unnecessarily constrain or complicate daylighting design. For example, a strong 
color preference for gray or bronze may make a good glazing selection more difficult. 
Staying more flexible with respect to color will keep more opportunities open. 

 Sound Transmission is an important glazing system property in some projects, and 
many energy-efficient glazings deliver improved acoustic performance as a side benefit. 
Outdoor-to-indoor transmission class (OITC) is the property used to express sound 
attenuation characteristics. The higher the OITC rating, the better the unit will insulate 
against sound. Multilayer assemblies, especially those with a laminated layer, generally 
have high OITC ratings.  
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Figure 18: An ideally spectrally selected glazing admits only the part of the sun’s energy that is 
useful for daylighting. 

Selection Process 

 Choose an insulating glazing. This is the first decision in glazing selection. Almost 
all glazings today are double glazed or better, and many have low-E coatings (a double 
glazing with low-E coatings has a similar U-value to a triple-glazed unit without, and a 
triple with low-E is even better). Therefore, it is important to refer to the U-value of the 
window and not only its construction. Although higher in first cost, low-E double- and 
triple-pane insulating glazing typically reduces mechanical loads in buildings with large 
window-to-wall ratios and in climate zones that have a significant range in diurnal 
and/or seasonal temperature. Double glazing is typically more cost effective and is 
appropriate across a greater range of conditions, and at present it offers greater 
flexibility in product selection. There are exceptions where single glazing is an acceptable 
option, but most new energy-efficient buildings should use insulating glazing, and in 
most climates this will be a code requirement. For more technical information on 
selecting multiple glazing panes, visit www.commercialwindows.org. 

 Choose a spectrally selective glazing. Select a moderate visible transmittance for 
glare control (the range of 40%–70% is a good starting point, depending on visual tasks, 
window size, and glare sensitivity; the larger the windows or the more critical the glare 
control, the lower the desirable visible transmittance). Examine manufacturer literature 
for good glazing candidates. Find the product tables for insulating or single-pane units, 
depending on your initial selection, and look for products with your desired visible 
transmittance and the lowest possible solar heat gain coefficient. 

 Balance the conflict between glare and useful light. A physical model 
studied outdoors is a good tool to assess glare qualitatively. If glare is an 
anticipated problem, and if an architectural solution to glare (moving windows 
out of the field of view, using deep reveals, shading systems, and other physical 
modifiers) is not possible, then select a glazing visible transmittance that is a 
compromise between glare and light. A visible transmittance as low as 25% 
may still provide adequate daylight. 
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 Big windows require better glazing. The bigger the window, the lower the required 
solar heat gain coefficient and visible transmittance, and the greater the need for 
insulating glazing. Large areas of inefficient glazing bring major comfort and energy cost 
penalties and cooling system penalties, and may not be permitted by building codes. 

 Don’t assume that dark glass provides good solar control. Many dark glazings 
block more light than heat, and therefore only minimally reduce cooling load. Dark glass 
can produce a gloomy interior atmosphere and may affect productivity and absenteeism. 
Consult product brochures or manufacturer representatives to be sure you are aware of 
the range of product choices today. Dark glass not only reduces daylight, it also increases 
occupant discomfort on a sunny day, particularly in single-glazed form. The glass 
absorbs solar energy and heats up, turning it into a virtual furnace for anyone sitting 
near it. Today, solar control is available in clear glazings. 

 Don’t count on glazing alone to reduce heat gain and discomfort. If direct solar 
beams come into the building, they still create a mechanical cooling load and discomfort 
for occupants in their path. Exterior shading combined with a good glazing selection is 
the best window strategy. Interior shading options can also help control solar heat gain. 

 Vary glazing selection by facade, if possible. A lower solar heat gain coefficient on 
the south, east, and especially west windows will reduce the cooling load. There may be a 
trade-off with the window size involved in this decision, depending on latitude. 

 INTEGRATION ISSUES 

Architecture 

Prioritize glazing properties that are important to the design, as this will also influence the 
optimization of the building mechanical systems. A good glazing for daylighting, with a 
relatively high visible transmittance, will appear fairly transparent from the outside. A desire for 
an opaque or mirrored facade is often not compatible with daylighting. 

Interior 

Glazing color strongly affects color rendering of interior finishes in daylighted areas. 

Color and visible transmittance affect the nature of the view out and occupants’ sense of 
connection with the outdoors. High-transmittance glass in a neutral or soft color help make 
windows effective links to the world outside. 

Low-transmittance glazing makes interiors feel gloomy when overcast or sunlight levels are low, 
and can make the outdoors look gloomy, even on a clear, sunny day. 

HVAC 

Glazing characteristics are a significant factor in heating and cooling loads. A 
mechanical engineer should help determine optimal glazing properties for an efficient 
mechanical system. High-performance glazing generally reduces annual energy use, 
peak loads, individual zone fluctuations, wide differences in coincident zone loads, and 
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occupant complaints. Insulating glass may also eliminate the need for a perimeter heating 
system. 

Examine equipment downsizing opportunities with glazing improvements. Model the entire 
fenestration system correctly when calculating cooling load and optimum glazing properties. In 
particular, include any exterior shading in the model, as this reduces the importance of a low 
glazing solar heat gain coefficient. 

Simplified mechanical load calculations do not accurately model the energy behavior of 
windows, due to the complexity of that behavior and the oversimplification inherent in 
commonly used glazing properties. Do not rely on these calculations in making a decision; use 
them as guidelines only. 

Remember that modeling software is a crude approximation of the complex physical behavior of 
buildings. Rough approximate mechanical calculations may indicate that single-pane glazing is 
more desirable than insulating glazing for commercial buildings in some climates; for example, 
California. This has not been empirically supported. 

Lighting 

Visible transmittance determines how much daylight will be admitted once the window size is 
set. Meet and discuss desired light levels with the owner if possible, as this may affect your glass 
selection (i.e., the owner may be willing to either go below the IES surface level 
recommendations, or may be open to achieving them in a different way (such as overhead 
lighting and task lighting). The lighting designer must assess expected daylight levels before 
final glazing selection. If daylighting levels are not satisfactory, choose an alternate glazing with 
a different visible transmittance or increase the glazing area. 

Glazing color affects color temperature of the daylight, and should be considered when matching 
electric sources in daylighted zones. 

Cost Effectiveness 

High performance glazings are now the norm for modern buildings, and they pay for themselves 
in four ways: reduced energy bills, reduced first costs in mechanical equipment, increased 
occupant productivity, and avoided future retrofit costs (in added mechanical equipment or 
window fixes, due to commonly unanticipated occupant discomfort). Mechanical load 
calculations can provide an estimate of the first two savings opportunities. Case study and 
anecdotal evidence supports the second two benefits. 

Really high performance windows can carry a higher price tag, but there are often higher 
performance options in the same price range, especially when considering the range of possible 
locations, settings, and designs. A designer should spend plenty of time identifying and 
assessing the most promising options before making a final selection. 

Occupant Comfort 

Single-pane glass or low-quality double glazing (without a thermal break) near an 
occupant can create a hot or cold sensation regardless of interior air temperature. 
When it is cold outdoors, the body radiates heat to the cold glass surface and is chilled. 



40 

 

Sun striking glass, especially a tinted unit, heats the unit up well above skin temperature, which 
then radiates heat to the body and induces a sense of overheating. The mechanical system 
cannot easily overcome these situations, since it typically adjusts air temperature only and not 
the temperature of the glass. 

Cold glass will also induce a chilly downdraft. 

When windows will be near occupants, insulating glazing is the best choice for comfort. Tinted 
glass in an insulating unit does not cause the radiation problem described above, since the tinted 
piece is in the outboard pane. 

Glazing with a high visible transmittance can cause glare if preventive measures are not taken. 
Some examples of glare avoidance discussed elsewhere in these guidelines include user-
operated shading devices, architectural modifiers, and balancing window brightness with other 
light sources. 

 PROVISOS 

 Renovations in historic buildings typically need extra care in glazing selection, as historic 
preservation rules usually require the look of the facade to remain the same. This means 
any new glazing must appear the same as the original; in most cases, clear. Select an 
advanced, insulating, spectrally selective glazing for an efficient, comfortable, and 
daylighted renovation. 

 Some tinted glazings cannot tolerate partial shading due to the thermal stresses caused 
by a large temperature range across a single piece of glass. Consult the glazing 
manufacturer regarding the building’s shading scheme. 

 A strong desire for extremely dark or mirrored glazing is not normally compatible with 
daylighting design. 

 Consult glazing suppliers for information on structural aspects of glazing. Specific 
applications may require tempered, laminated, or other glazings to meet performance 
requirements. 

 TOOLS & RESOURCES 

 LEED requirements that simulation be used to demonstrate that 75% of all regularly 
occupied spaces receive a minimum of 25 fc and a maximum of 500 fc on September 21 

at 9 a.m. and 3 p.m. sets some boundaries for glazing selection. 
 Manufacturer Technical Literature and Product Representatives are free 

sources of information and assistance. Most manufacturers will readily supply samples 
(typically 12" by 12" or smaller). Some manufacturers will also perform energy 
calculations for you.  

 The National Fenestration Rating Council (NFRC) compiles a directory 
of window products with associated thermal, solar, and optical properties. 
While the emphasis is on residential applications, much of the information is 
useful for commercial buildings. NFRC data and window labels provide a 
consistent and accurate way to compare product properties (similar to 
refrigerator labels). Visit www.nfrc.org.  
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 International Glazing Database is a publicly available online directory of more than 
4,000 glazing products from around the world, and is a valuable reference for designers. 
It is a reference data set for several daylighting design tools, such as WINDOW and 
RADIANCE. Visit http://windows.lbl.gov/materials/IGDB to find out more. 

 The Windows for High-Performance Commercial Buildings Windows 
website contains useful information for the concept development stage of a project 
design and an early stage design tool that allows quick and easy assessment of glazing 
options, at www.commercialwindows.org.  

 Software. Mechanical engineer’s standard calculations are useful for comparing peak 
loads and annual energy use with different glazing options. Remember that this software 
can only approximate the behavior of glazings and buildings. The WINDOW program is 
public domain software that accurately analyzes the thermal properties of fenestration 
products. It is widely used in the glazing industry, but is intended to serve designers as 
well when choosing between different product options. It is available through the 
National Fenestration Ratings Council at www.nfrc.org and at http://windows.lbl.gov.   

 The EnergyPlus software is an advanced building simulation package. Because it has a 
variety of features to accurately model glazing and shading properties, dynamic window 
management, and daylighting effects, it is one of the best software tools available to 
assist in energy-efficient design, although it requires time and expertise (or hiring a 
consultant). Use this program to make an optimal glazing selection. Versions of 
EnergyPlus can be downloaded from the U.S. Department of Energy (DOE) website at 
http://apps1.eere.energy.gov/buildings/energyplus/. COMFEN uses the EnergyPlus 
engine to analyze facades and glazings performance for typical rooms or zones in a 
building: download at http://windows.lbl.gov.  

 Scale Model. A model studied outdoors can be an accurate and easy way to anticipate 
glare potential and evaluate daylight levels and direct sun control. See Section 3, 
ENVELOPE AND ROOM DECISIONS, for information on measuring daylight in a 
model. 

 Books. There are only a few up-to-date materials available to designers on glazing. The 
best source for timely information may be the architectural journals, which occasionally 
run glazing articles in their technical sections. 

ASHRAE Handbook of Fundamentals (American Society of Heating, Refrigerating and 
Air Conditioning Engineers 2011) is a source for technical information and generic 
glazing properties. Visit www.ashrae.org. 

Window Systems for Commercial Buildings by John Carmody, Stephen Selkowitz, 
Dariush Arasteh, Eleanor Lee, and Todd Wilmert (Norton, 2004) provides good insight 
into the technical issues of glazing. It can be found at 
www.csbr.umn.edu/research/commbook.html. 

 Utility Company. Inquire at your local utility about possible design assistance or 
financial incentives. 

 CHECKLIST 

1. Review and document your fenestration design decisions to date, as these will 
guide the glazing selection. Since there are many conflicting performance goals 



42 

 

(e.g., glare control versus daylight admittance), it is best to document the rationale for a 
particular selection as it is made. 

2. Use the effective aperture target as discussed to determine the range of desirable visible 
transmittances, based on your window-to-wall ratio. 

3. Decide between insulating glazing options (or in rare circumstances, single glazing). 
Mechanical engineer’s calculations, comfort concerns, and construction budget data will 
help in this decision. 

4. Identify to what extent color, reflectance, UV transmittance, and sound will influence 
glazing selection, and then decide what glass types are appropriate for each floor of your 
building/facade orientation. 

5. Determine via mechanical engineer or building code requirements the desirable range of 
values for U-Value and solar heat gain coefficient. If the building has good exterior 
shading, glazing solar control becomes less critical. 

6. Review product literature and select candidate glazings that meet the above criteria. 
7. Evaluate glare potential, ideally with a physical model, and take preventive measures if 

necessary. Use a COMFEN model to evaluate different glazing types for different facade 
orientations.  

8. Contact product representatives for samples, further information, assistance, and 
pricing. 

High‐Performance Glazing  
Good Practice 

1. Size windows for a 30% window-to-wall ratio. 
2. Specify glazing with visible transmittance 50%–70%, solar heat gain coefficient 0.50 or 

lower (or to code maximum, whichever is lowest), and U-Value to meet code. Choice of 
color may be limited. 

3. Present above criteria to glazing representatives from two or more manufacturers for 
further assistance in finding products that match. Request representatives to perform 
(free) energy calculations for you if undecided between products. Consult the project 
engineer on heating/ cooling system sizing issues. 

Better Practice 

1. See glazing brochures from product vendors, then call specific glazing representatives for 
more information, pricing, and free performance calculations for your project. 

2. For a broader range of options, determine a set of alternative scenarios (different-sized 
windows, different potential glazings), perhaps with a mechanical engineer’s assistance. 
An engineer can evaluate these alternative designs using standard load software and 
derives optimum values for U-value, solar heat gain coefficient, and visible 
transmittance. Present these values to glazing representatives for a product 
match. 

Best Practice 

1. Determine an optimum set of values for U-value, solar heat gain coefficient, 
and visible transmittance through more rigorous computer modeling with 
software such as DOE-2 that can compute energy savings from daylighting in 
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addition to standard building performance energy calculations. This usually requires 
hiring an energy consultant with EnergyPlus experience. 

2. This consultant should also assist in predicting occupant satisfaction (comfort) and in 
fine-tuning the proposed window area. The consultant could also prepare building code 
compliance documentation. Present results of this optimization study to glazing 
representatives for a product match, or select glazing yourself from Sweets brochures.  
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5 Shading Strategy 
OBJECTIVE: Control intense direct sunlight to ensure a 
comfortable workspace.  

 This is critical for occupant visual and thermal comfort and for 
minimizing mechanical cooling loads. 

 Direct sun is more acceptable in less-demanding spaces (e.g., 
circulation zones, lobbies, eating areas), although its impact on 
cooling should be carefully assessed. 

 To progress towards net-zero energy, incorporation of external 
shading is recommended. 

 Increase the time during which interior blinds are open, establishing 
a beneficial connection to the outdoors. 

 KEY IDEAS 

Exterior Devices 

 Use exterior shading, either a device attached to the building skin or an extension of 
the skin itself, to keep out unwanted solar heat. Exterior systems are typically more 
effective than interior systems in blocking solar heat gain. Figure 19 illustrates some 
exterior shading options. Making these operable for occupants provides the greatest 
potential benefit in terms of occupant satisfaction (and, potentially, energy savings). 

 Use a horizontal form for south windows. For example, awnings, overhangs, and 
recessed windows. Also somewhat useful on the east and west. Serves no function on the 
north. 

 Design the building to shade itself. If shading attachments are not aesthetically 
acceptable, use the building form itself for exterior shading. Set the window back in a 
deeper wall section or extend elements of the skin to visually blend with envelope 
structural features.  
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Figure 19: Far left, a standard horizontal overhang shade, and other shading options with 
reduced projection from the envelope 

 Use a vertical form on east and west windows. For example, angled vertical fins 
(Figure 20) or recessed windows. Also useful on the north to block early morning and 
late afternoon low sun. 

 

Figure 20:Vertical louvers or fins for east, and especially west, facades 

 Give west and south windows shading priority. Morning sun is less serious in 
terms of contribution to heat gain. If your budget is tight, invest in west and south 
shading only. Zone secondary spaces that may not require views on western exposures.  

 Design shading for glare relief as well. Use exterior shading to reduce glare by 
partially blocking occupants’ view of the too-bright sky. Exterior surfaces also help 
smooth out interior daylight distribution. 

 

Figure 21: The use of louvers in place of a solid dropped edge (left) or solid overhang 
(right) provides diffuse natural light while still shading. 
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 The shade’s color modifies light and heat. Exterior shading systems should be 
light-colored if diffuse daylight transmittance is desired, and dark colored if maximum 
reduction in light and heat gain is desired. 

 Fixed versus movable shading. Use fixed devices if your budget is tight. Use 
movable devices for more-efficient use of daylight and to allow occupant adjustment; 
first cost and maintenance costs are higher than with fixed devices. Use movable devices 
that are automatically controlled for the best energy savings. Reliable systems have been 
in use around the world for years and have only recently become available as cost- 
effective options in the United States. 

 Influence of shading on design of building mechanical systems. Astute shading 
design may result in significant costs savings associated with reduction in first cost and 
operating costs of mechanical systems. Integrating design of shading and HVAC systems 
may offer the optimum solution in terms of cost benefit, comfort, and energy efficiency. 
Reduction in HVAC system cost can help pay for the shading. 

 Avoid thermal bridging between shading elements and internal space. Ensure 
that the building interior is appropriately thermally isolated from external shading 
system infrastructure. 

 Consider permeability/openness of the shading system if natural ventilation 
is being considered. The openings in the building envelope must support the flow of 
adequate air volumes. To facilitate this, minimize the reduction of effective cross-
sectional area of openings as far as possible. Consider wings on building facades placed 
near openings and operable windows that shade windows but also help funnel air into 
the occupied spaces. 

 Consider subdividing exterior shading system to preserve views in the view 
zone. Glare in the view zone can be addressed with interior shading. 

In the Window Plane 

 Use exterior shade screens for a smooth facade. Exterior shade screens (Figure 
22) are highly effective on all facades and permit a filtered view. These can be insect 
screens, perforated metal scrims, or roller shades. The openness of shades determines 
the effectiveness of shading. Moveable roller shades provide greater energy efficiency. 

 

Figure 22: An exterior shade screen fits neatly within window framing, a bit away from the glass. 
Design for easy removal, to ease cleaning. 

 Use roller shades for a movable alternative. Open-weave exterior shades are not 
as effective, but acceptable. 
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 Don’t rely on dark glazing to control beam sunlight. Glazing treatments 
(reflective coatings, heavy tints, and reflective retrofit film) can be effective at reducing 
heat transfer, but they still allow direct sun penetration. Even with reduced intensity this 
may not be an effective shading strategy from an occupant’s perspective. The 
transmittance must be very low (e.g., 1%) to control glare from the orb of the sun. Fritted 
glass, with a durable diffusing or patterned layer fused to the glass surface, can also 
provide some degree of sun control, depending upon the coating and glass substrate 
properties, but it may also increase glare. 

 Between glass systems. Several manufacturers offer shading systems (e.g., blinds) 
located between glazing layers. Some are fixed and others are adjustable. These systems 
reduce heat transfer, and are more effective than systems installed within the envelope. 
See related comments on interior devices below.  

Interior Devices 

 Interior shading alone has limited ability to control solar gain. All interior 
systems are less effective than a good exterior system because they allow the sun’s heat to 
enter the building. They also depend on user behavior, which can be variable. Interior 
shading products include shades, blinds, and draperies. 

 

Figure 23: Shades can be used to control solar gain, but their effectiveness relies on whether or 
not users employ them consistently. 

 If interior devices are the only shading, specify light colors facing outward in 
order to reflect the sun’s heat back out. Light-colored blinds or louvers are best. Light-
colored woven or translucent shades are acceptable, but may not control glare under 
bright summer conditions. Tighter weaves provide more solar heat gain control and 
block beam sunlight but reduce access to daylight. 

 Interior shading is best used for glare control and backup shading. Supply 
user-operated devices that occupants can easily adjust to their individual comfort needs. 

 Use devices that still allow daylight in. Blinds and open-weave shades are good 
choices for filtering, but not blocking, all light. 

 Don’t use dark devices unless exterior shading is used. Dark-colored 
interior devices provide glare control but offer only small energy savings. 
Open-weave shades are easiest to see through if their interior surface is dark, 
but they perform best if their exterior surface is light-colored. 

 Consider using an upper and lower shading solution on separate 
high clerestory windows and lower vision windows. The ideal solution 
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allows them to be independently managed to control glare and solar gain but to admit 
daylight, as shown in Figure 24 . 

 
Figure 24: Left, the normal top-down shade obscures the view to block direct sun whereas 

pulling shade up from the bottom, right, opens up the view. 

 INTEGRATION ISSUES 

Architecture 

Exterior shading projections work well with an articulated or layered facade and can integrate 
well with structural members. 

Exterior shading elements can add dynamics to the appearance of different facades over the 
course of the day. 

Exterior screens can make windows look dark. 

If interior devices are the only shading, many occupants will always keep them closed. This can 
mean the window is no longer transparent. 

Use exterior shading to avoid the facade clutter of variously adjusted interior coverings by 
reducing the periods during which occupants feel they need to have interior blinds down. 

Interior 

Choose light-colored window coverings for best energy savings and comfort. 

Choose interior window treatments that allow occupants to make adjustments for individual 
comfort needs.  

Bottom-up interior blinds versus top down can increase the daylight distribution 
within interior spaces and increase energy savings from daylight dimming. 

HVAC 

Good permanent shading provides cooling-load reductions and may significantly 
reduce capital cost if some HVAC systems can be downsized or eliminated. The 
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mechanical engineer and shading designer should work together to identify balanced systems 
that offer the best value in terms of life-cycle cost and energy reductions. 

The mechanical engineer should perform iterative calculations that incorporate the designer’s 
estimates on performance of moveable shading systems, whilst acknowledging that systems may 
not be deployed when needed. 

Lighting 

Shading devices modify the intensity and distribution of daylight entering the space. The 
lighting design scheme and placement of control zones may be affected. 

Cost Effectiveness 

Proper shading devices can be partially or fully paid for by reduced cooling equipment and 
cooling energy costs. However the likelihood of proper use by occupants must be considered. 
The mechanical engineer should calculate these savings and compare them to any additional 
construction costs for the shades, calculating the simple payback for the shading. 

Automated movable systems can have an added maintenance cost and a higher first cost relative 
to other shading schemes. However, the operation should be more reliable than with manually 
operated systems. Careful calculation of expected energy savings are needed to determine cost 
effectiveness for this approach. 

Occupant Comfort 

Direct sun in the workplace is almost always a comfort problem, particularly for net-zero energy 
buildings where low-energy cooling strategies are being used, such as natural ventilation or 
radiant technologies. Uncomfortable occupants will be less productive, close their window 
coverings, bring in energy-using portable fans, and reduce the thermostat setting if possible. 
Good shading means occupants will have minimal complaints. 

Shading reduces glare. Exterior elements partially shield occupants’ view of the bright sky, as 
well as direct sun. Screens, glazing treatments, and shades reduce the brightness of the window. 
Exterior elements and venetian blinds reduce contrast by sending some light deeper into the 
space (improving distribution). 

 PROVISOS 

Use of sunlight to illuminate building interiors may be appropriate in some cases. 

Direct sunlight:  

 Aids the growth of plants. 
 Provides strong illumination that enhances details, texture, shape, and color. 
 Gives a dynamic vitality to a space through its daily variation—especially 

beneficial in relieving institutional monotony in schools, hospitals, and public 
buildings. 

 Provides a visual and emotional link to the outdoor world. 
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 Provides a real and suggested warmth in winter. 

Direct sunlight may be more appropriate in circulation areas, transition areas, and other spaces 
that do not contain critical visual tasks. Be sure to account for the peak cooling and annual 
cooling cost of such designs. 

Balance the needs for sun control against the usefulness of daylight admittance. Some sun-
control strategies may severely reduce daylighting opportunities. 

 TOOLS & RESOURCES 

 LEED requirements that simulation be used to demonstrate that 75% of all regularly 
occupied spaces receive a minimum of 25 fc and a maximum of 500 fc on September 21 

at 9 a.m. and 3 p.m. sets some boundaries for shading selection. 
 Do some quick and easy shading analysis using the Facade Design Tool on the 

www.commercialwindows.org. This supports testing of pre-design stage concepts 
and ideas and quantifies their knock-on effects in terms of operation of other systems 
and overall energy impact. 

 COMFEN can be used to do a more detailed evaluation of a range of facade 
configurations, in order to understand the impact of different design variables on facade 
performance.  

 Use software such as Sketch-up or Ecotect to visualize shadows within interiors. 
 Sizing Equations. Use the equations given on page later in this section for a simple 

start at sizing overhangs and fins. 
 Pilkington Sun Angle Calculator. A more thorough and accurate method uses this 

easy manual tool (Figure 25, available online for $25 from the Society of Building 
Science Educators at www.sbse.org/resources/sac). The instruction manual is also 
available for free download on the SBSE website. Similar software tools can now be 
found on the web. 

 

Figure 25: For more exact sizing, use the Pilkington Sun Angle Calculator 

 Shading Masks. Use this simple graphic method to both study and document 
shading device performance over the entire year, all captured in a single 
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diagram that is easy to construct. See Architectural Graphic Standards for instructions. 
Online versions are now also available. 

 Engineering Software. Once the shading scheme is established (the geometry of 
exterior elements is determined or an interior system is selected), use mechanical 
engineer’s software, such as EnergyPlus, to calculate the cooling load with and without 
the proposed shading. The mechanical engineer or energy consultant must accurately 
model the impacts of the shading scheme. Computed savings can then be compared to 
added costs for the shading, for a simple payback calculation. This will be a conservative 
estimate, as there is no credit taken for savings associated with comfort (unshaded 
occupants will turn down thermostats or bring in electric fans). 

 Manufacturer Technical Literature and Product Reps are free sources of 
information or assistance. 

 Books 
Sun, Wind, and Light by G. Z. Brown and Mark DeKay (Wiley, 2013) offers more 
thorough explanations of some tools and ideas described here, in a friendly format and 
available from several online outlets. 

Architectural Graphic Standards John Hoke ed. (Wiley, 1999) has a section on shading 
masks, with instructions. It is available from many online bookstores.  

ASHRAE Handbook of Fundamentals (American Society of Heating, Refrigerating, and 
Air Conditioning Engineers, 2009 or any older edition) is a highly technical source for 
generic solar heat gain coefficient data and all other aspects of building and fenestration 
energy behavior. 

SCALE MODELS AND SUNDIALS 
Scale models can be studied outdoors under direct sun or indoors using a lamp as a simulated 
sun. The primary benefit is to determine when and where sun penetration will occur. To position 
the model accurately relative to the sun, place a sundial beside the model and adjust the model 
position until the desired time is shown on the sundial. 

1. Determine the objective of the study (e.g., sunlight penetration, glare assessment) to help 
determine the model requirements. Build a simple model with accurate geometry. You 
can study the whole building or just a portion of the facade. 

2. Select the sundial with latitude closest to your site (use 28° for Southern States, 36° for 
Central, 44° for Northern). Mount a copy of the sundial on your model. It should be 
horizontal, oriented properly with true south on the model, and in a position where it 
will not be shaded by the model (roof or southern portion of model base are good 
places). Note that true north is typically depicted on city property line zoning maps, not 
magnetic north. 

3. Make a peg the length shown in Figure 26 and mount it on the cross mark just under the 
June 21 curve (a straight pin works well for this). 

4. Take the model in the sun and tilt it so that the end of the peg’s shadow falls at 
various intersections of the time and day lines. For example, when the model is 
tilted so that the peg shadow ends at the intersection of the 3 p.m. line and the 
October 21/February 21 curve, then the sun and shadow affects you observe are 
exactly as they will be at that time on both those days. You can now quickly see 
how well your shading scheme works all year round. 
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5. Take some photographs. Adjust design details as necessary. 

 

Figure 26: Sundial for 36°N 

Source: G. Z. Brown, Sun, Wind and Light: Architectural Design Strategies, Wiley & Sons, 1985 
(newer edition listed above) or find sundials for your latitude online. 

 

SIZING OVERHANGS AND FINS 
Figure 27 shows the elements that need to be accounted for when sizing overhangs and fins. Use 
the solar geometry equations below to find starting dimensions for shading elements. Do the 
calculations to find either: 

 the depth required for a shading element, or 
 the extent of shadow cast by a shading element with given depth. 

 

Figure 27: Sizing of fins and overhangs 
 

1. For each facade, select a critical 
month and time for shading. 
You should try to reflect peak 
incident sun energy, so we 

suggest for south windows use September noon, for east use September 10 
a.m., and for west use September 3 p.m. Alternatively, ask a mechanical 
engineer for an estimate of peak cooling time in east, south, and west zones. 
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2. Find solar altitude and azimuth for the target month and hour from the sun path 
diagram (page 54). 

3. Use the formulas below to size overhang, fin, or both. Results are a minimum starting 
point. 

4. If the overhang is too big, try breaking it into several smaller elements or dropping part 
of it down for an equivalent depth, as suggested in Key Ideas above. 

5. If sizing an overhang for an east or west window, you may notice that a fin must be 
added for adequate shading; otherwise the overhang becomes unreasonably deep. 

6. Test the solution with a physical model and sundial. 
7. Improvements: Extend the ends of the overhang wider than the window or use a 

continuous element. Make the overhang deeper or add another horizontal element 
partway down the window. Add vertical elements to the scheme. 

 

 For total shade at your target month/hour, set h to height of the window from sill to head 
and solve for D, required overhang depth. 

 For partial shade, set h to the acceptable height of the shadow (perhaps 2/3 of window 
height) and solve for D, required overhang depth. 

 With a given overhang, set D to its depth and find h, the height of shadow it will cast at 
your target month/hour. 

 

 Solve for either w (width of shadow) or D (depth of fin), as with the overhang equation. 

‡ Be sure to observe the proper signs. If both solar and window azimuths are on the same side of the 
south vector, then both values are positive. If they are on opposite sides of the south, then set one 
azimuth as negative. For example: solar azimuth - (-window azimuth) = solar azimuth + window 
azimuth. Referring to Error! Reference source not found. when reading this description may be 
helpful. 

Source: David Ballast, The Architect’s Handbook of Formulas, Tables, and Mathematical 
Calculations, Prentice Hall, 1988. 

SUN PATH DIAGRAMS 
This diagram gives you the solar altitude and azimuth for any hour and day off the year. Choose 
the sun path with latitude closest to your site (use 28° for Southern States; 36° for Central, such 
as that shown in Figure 28; and 44° for Northern). Find the intersection of the two curves 
corresponding to the month and hour of interest. From this point, read the solar 
altitude from the scale at right, and read the solar azimuth from the scale below. This 
is the sun’s position at that month and hour. 
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Figure 28: Sun path diagram for 36° north  

Source: Claude Robbins, Daylighting: Design and Analysis, Van Nostrand Reinhold, 1986, or 
available online: search for “sun path diagram by latitude.” 

 

 CHECKLIST 

1. Characterize your shading needs. Long axis running east-west: shading is relatively 
simple (overhang or deep reveal on south may be all that’s needed). Large area of glazing 
on west: shading becomes more critical and more difficult if daylight is to be maintained. 
Budget design time accordingly. You must know your true north orientation. 

2. Review options for shading and select a basic approach (e.g., exterior versus interior, an 
architectural projection, an off-the-shelf attachment, blinds, drapes, shades). 

3. For exterior schemes, calculate preliminary size of projections. Use rules of thumb given 
here or use the Pilkington Sun Angle Calculator method. 

4. Refine with Pilkington Sun Angle Calculator (if you are still working on paper), through 
quick physical model studies (for easier 3-D analysis), or through use of appropriate 
simulation programs, such as COMFEN. 

5. Select an interior shading product and get solar heat gain coefficient data from 
manufacturer literature or product reps. See the ASHRAE Handbook of Fundamentals 
2009, Chapter 17, for tables of generic products or check the product libraries in 
COMFEN. 

6. Get solar heat gain coefficient data for preliminary glazing selection from manufacturer 
literature, product reps, or the generic table in Section 4, GLAZING SELECTION, or in 
the ASHRAE Handbook of Fundamentals 2009, Chapter 17. COMFEN has a database 
with the optical properties of virtually all glass sold in the United States. 

7. Have a mechanical engineer calculate cooling load, accounting for exterior 
shading elements and proper solar heat gain coefficients for glass plus interior 
coverings. For venetian blinds, see the ASHRAE Handbook of Fundamentals 
2009, Chapter 17, for proper treatment of an angle-dependent solar heat gain 
coefficient. 

8. A mechanical engineer can provide a rough estimate of savings due to shading, 
realized through reducing (a) cooling plant capacity, and (b) annual 
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mechanical systems operation. Get a preliminary first-cost estimate for shading and 
compute the simple payback. 

9. Provide description of the shading scheme to the lighting designer. 

Approach to Shading  
Good Practice 

1. Minimize window area on east and west. 
2. Use sizing rule of thumb for a horizontal projection or reveal on south windows. 
3. Use sizing rule of thumb for a vertical projection or reveal on west windows. 
4. If no exterior shading is possible, a lower solar heat gain coefficient for the glazing will be 

mandatory (see Section 4, GLAZING SELECTION), and interior shading will be required 
as well. 

5. For the best occupant comfort, provide either a light-colored venetian blind or light-
colored translucent shade on all windows in occupied areas. For energy savings, these 
are desirable to include even with exterior shading; they are mandatory if there is no 
exterior shading. 

Better Practice 

In addition to the above: 

1. Use the LOF Sun Angle Calculator method for preliminary sizing of exterior projections 
instead of rule of thumb, or to refine schematic design after using rule of thumb. 

2. Browse through online catalogs for ideas on shading strategies and products. 
3. If undecided on best shading approach to take, a mechanical engineer’s simple 

calculations can help compare cooling reductions with different options. 
4. Explore shading options with COMFEN. 

Best Practice 

In addition to the above: 

1. Begin with COMFEN or equivalent modeling of energy-related performance. 
2. Mechanical engineer takes special care to properly model shading elements and solar 

heat gain coefficients with more sophisticated computer calculations. 
3. If there is a large area of east or west glazing, have the mechanical engineer perform 

more complex calculations to determine cost effectiveness of an automated exterior 
system. The mechanical engineer can help to explore opportunities for cooling 
equipment downsizing or elimination through optimum shading. Refine shading design 
to yield the smallest possible cooling equipment. 

4. In some cases, a scale model might help show the interplay of different 
daylight and sunlight sources. 
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12 Tools and Resources Summary 
 
Section Target User 

Group(s) 
Integrated Design 
 
ENERGY STAR A joint program of U.S. Environmental Protection 
Agency and U.S. Department of Energy that aims to promote energy-
efficient products and practices. The program offers incentives for 
decreasing energy use through adapting energy-efficient windows and 
skylights. The website is a good resource for current U.S. standards 
and to find examples of buildings that meet energy efficient goals. 
www.energystar.gov/ 
 
DesignBuilder A whole-building model that can be used also as a 
learning/teaching tool due to its simple operation. The software can 
produce daylight contour plots and daylight factor calculations based 
on the RADIANCE raytracing software. A feature of the program is 
generating reports for eligibility to various daylighting credits. The 
software can be integrated with EnergyPlus for more sophisticated 
lighting controls and energy savings calculations. For more 
information, visit www.designbuilder.co.uk/. 
 
Energy Plus and Simergy 
A whole-building energy simulation program used by researchers and 
professionals to model energy and water use in buildings. The tool can 
model lighting control, glazing, shading, and dynamic window 
management and daylighting effects. Learning to manipulate the 
program takes time, and an expert might be consulted and hired to 
perform the simulations. The program has the ability to optimize 
building features in order to reduce water and energy consumption. A 
new easier-to-use graphical user interface to EnergyPlus, Simergy, 
was released late in 2012. For more information, visit 
http://apps1.eere.energy.gov/buildings/energyplus/. 
 
Federal Green Construction Guide for Specifiers 
www.wbdg.org/ccb/  
 
IES Advanced Energy Design Guides (various building types). 
For more information, visit www.ies.org/store/AEDG.cfm/. 
 
PECI Advanced Energy Retrofit Guides (various building types). 
For more information, visit www.peci.org/advanced-energy-retrofit-
guides/.  
 
United States Green Building Council for details of current 
LEED requirements related to daylighting and seminars by your local 
chapter on daylighting design. Visit new.usgbc.org/.  

 
Building 
Owner/Operator, 
Engineer 
 
 
 
 
 
Energy Modeler, 
Engineer, Lighting 
Designer 
 
 
 
 
 
 
 
Energy Modeler, 
Engineer 
 
 
 
 
 
 
 
 
 
Architect 
 
 
Architect, Building 
Owner/Operator, 
Engineer 
Architect, Building 
Owner/Operator, 
Engineer 
 
Architect, Building 
Owner/Operator, 
Engineer 
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Daylight Feasibility 
 
Advanced Lighting Guidelines now online, the New Building 
Institute resource for guidelines on lighting for commercial buildings, 
visit www.algonline.org/ 
 
COMFEN, short for commercial fenestration, is a single-zone 
facade analysis tool that can be used to evaluate a range of facade 
configurations in order to understand the impact of different design 
variables on facade performance. After defining a building type, 
location, and zone properties (dimensions and loads from equipment 
and people and fenestration layout), several additional scenarios can 
be quickly created and compared side-by-side. Orientation, window-
to-wall ratio (WWR), glazing type, and/or shading can easily be varied 
in order to assess their impact on energy use, peak loads, daylighting, 
and thermal and visual comfort. Some Radiance analysis can be 
completed from within COMFEN to assess glare. Visit 
http://windows.lbl.gov/software/comfen/comfen.html. 
 
Daylighting Pattern Guide This tool was developed by the New 
Buildings Institute to guide commercial building designers and 
professionals in planning daylit spaces. The guide consists of visual 
aids showing the effects of design variables to daylight distribution. 
Results are developed from case studies and simulation of different 
daylit spaces throughout the country. The key design choices 
compared in the guide include orientation, glazing layout, area, 
shading strategies, and more. For more information, visit 
http://patternguide.advancedbuildings.net/. 
 
DAYSIM Daylighting analysis tool based on RADIANCE that can 
calculate the annual availability of daylight in buildings. The program 
considers occupant behavior and how they control the space lighting 
and blinds. The tool can be used to calculate savings from automated 
lighting controls such as occupancy sensors and daylight dimming. 
The tool can also calculate annual glare and useful daylight 
illuminance. For more information, visit www.daysim.com/. 
 
ECOTECT A 3-D design tool that incorporates lighting, solar 
radiation, and cost analysis features developed by Autodesk. The 
software can interface with Radiance, EnergyPlus and other analysis 
tools. The software is used for whole-building analysis to model total 
energy and water use; in terms of daylighting the software can 
simulate illuminance levels, daylight factors, and incident solar 
radiation on building surfaces. For more information, visit 
http://usa.autodesk.com/ecotect-analysis/. 
 
Integrated Environmental Solutions Virtual Environment 
An integrated building simulation program that supports whole-
building modeling and also detailed focus on individual building 
systems. For more information, visit www.iesve.com/. 

 
Architect, Lighting 
Designer 
 
 
Architect, Building 
Owner, Engineer  
 
 
 
 
 
 
 
 
 
 
 
Architect, Lighting 
Designer 
 
 
 
 
 
 
 
 
Architect, Lighting 
Designer 
 
 
 
 
 
 
Architect, Lighting 
Designer 
 
 
 
 
 
 
 
Architect, Lighting 
Designer, Engineer 
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IEA Task21 This technical guide and accompanying website are a 
excellent general resource for information and data on daylighting 
design and provides detailed technical guidance on controls, 
performance evaluation, and design tools. For more information, visit 
http://archive.iea-shc.org/publications/downloads/8-8-
1%20Application%20Guide.pdf.   
 
RADIANCE A suite of programs to analyze and visualize light levels 
used for lighting design. It translates scene geometry, luminaire data, 
and material properties into radiance values. This tool can be used to 
simulate concept designs before construction. For more information, 
visit http://radsite.lbl.gov/radiance/framew.html. 
 
SOLAR TOOL This parametric software supports sizing and 
placement of exterior shading systems such as overhangs, blinds, and 
louvers, and is therefore a useful precursor to some of the more 
detailed modeling software options. For more information, visit 
http://apps1.eere.energy.gov/buildings/tools_directory/software.cfm
/ID=376/. 
 
VECTORWORKS This software allows visualization of effects of 
direct solar radiation for any location or time of year. It also supports 
the understanding of daylight distribution and light levels 
(illuminance and luminance). For more information, visit 
www.vectorworks.net/. 
 

 
Architect, Lighting 
Designer 
 
 
 
 
Architect, Lighting 
Designer 
 
 
 
 
Architect, Lighting 
Designer 
 
 
 
 
 
Architect, Lighting 
Designer 
 

Envelope and Room 
 
Window Systems for High Performance Buildings - Facade 
Design Tool This tool allows the user to compare annual energy, 
peak demand, daylight illuminance, and other performance metrics 
for different design choices. Design parameters included in the tool 
are facade orientation, window area, daylight controls, interior 
shades, and window type. For more information, visit 
www.commercialwindows.org/fdt.php. 
 

 
Architect, Lighting 
Designer, Energy 
Modeler, Engineer 
 

Shading 
 
ParaSol A design tool to determine the effects of shading and glazing 
to solar radiation and to the building’s energy load. The results show 
the total and direct solar energy per month, energy demand, and 
maximum heating and cooling load, which can be saved into a 
spreadsheet. For more information, visit www.parasol.se. 
 
Polar Sun Chart Path Program This website will plot the sun 
paths that apply to your building project. 
http://solardat.uoregon.edu/PolarSunChartProgram.php. 
 

 
Architect, Energy 
Modeler, Engineer 
 
 
 
 
Architect, Lighting 
Designer 
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Sustainable by Design A web-based interface that shows a visual 
representation of external shading designs and solar design 
parameters. The interface is simple and can be used for quick 
references and to visualize the effects of common design decisions 
such as overhang width and height. The tool does not contain energy 
or cost metrics. For more information, visit www.susdesign.com/. 
 
SketchUp A software tool that is a simple, accessible route to 
creating a project design, and allows the user to incorporate all 
necessary architectural details relating to provision of good quality 
daylight through the use of shading design. For more information, 
visit www.sketchup.com/. 
 
SunTools (for SketchUp) A software plug-in that provides further 
support to the SketchUp software suite by allowing the user to 
understand the impacts of building at different latitudes, using sun 
path, sun position, and sun penetration algorithms. Available as a free 
download from several websites: search on “Sun Tools” to find the 
latest version. 
 

Architect, Lighting 
Designer 
 
 
 
 
 
 
Architect, Lighting 
Designer 
 
 
 
 
Architect, Lighting 
Designer 

Glazing 
 
Commercial Windows An online facade design tool, which allows 
users to pick from numerous facade options, varying window area, 
glass types, shading systems etc. Based on COMFEN, results are 
reported in terms of energy savings, peak demand, cost savings and 
reductions in emissions. For more information, visit 
www.commercialwindows.org/. 
 
FENSIZE A user-friendly tool that quickly calculated the thermal 
and solar properties of windows, skylights, and other fenestration 
products. The tool can be used as a quick reference to fenestration 
properties and to generate standard project and product reports. The 
tool can also target window properties that would meet building codes 
and Energy Star criteria. Whole-building properties are not part of the 
analysis.  
For more information, visit www.fenestration.com/index.php. 
 
Frame Simulator The program is used to analyzed the heat flow 
through the window system, glazed area and frame. The program can 
calculate surface temperatures which is related to condensation 
problems. For more information, visit 
www.dartwin.it/en/sw/frame-simulator/. 
 
Optics This software supports detailed analysis of glazing using the 
optical and radiative properties of specified glazing units, and other 
add-ons such as solar coatings or tinted treatments. For more 
information, visit 
http://windows.lbl.gov/software/optics/optics.html. 

 

 
Architect, Lighting 
Designer, Energy 
Modeler, Engineer 
 
 
 
 
Architect, Lighting 
Designer, Energy 
Modeler, Engineer 
 
 
 
 
 
 
Energy Modeler, 
Engineer 
 
 
 
 
Architect, Lighting 
Designer 
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THERM A two-dimensional building model for heat-transfer for 
building components such as windows. The program is used to 
evaluate the energy efficiency of building materials and their 
temperature patterns. Other software use THERM as a basis for their 
energy models. For more information, visit 
http://windows.lbl.gov/software/therm/therm.html. 
 
Window This program calculates the thermal performance indices of 
windows, such as U-value, solar heat gain coefficient and visible 
transmittance, and can be used in the project design process of for the 
development of new products. For more information, visit 
http://windows.lbl.gov/software/window/window.html. 
 

Energy Modeler, 
Engineer 
 
 
 
 
 
Architect, Energy 
Modeler, Engineer 
 

Lighting Coordination 
 
DIALux A software program used to simulate outdoor and indoor 
building lighting systems. The software can import and export files to 
CAD programs. The software has a wide database of international 
regulations and standards for different countries. This program is free 
and easy to learn and can be used for architectural and technical 
lighting design. For more information, visit 
www.dial.de/DIAL/en/dialux-international-download.html. 
 
NECA/IES: Installing Indoor Commercial Lighting Systems: 
www.necanet.org/store/products/index.cfm/NECA%20500R-06  
 

 
Architect, Lighting 
Designer 
 
 
 
 
 
 
 
Architect, Lighting 
Designer 

Sensors and Controls 
 
IES TM-23-11 Lighting Control Protocols: this is a reference 
document for lighting design teams that are also specifying integrated 
controls on their projects. www.ies.org/PDF/Store/TM-23-
11_FINAL.pdf 
 
LCA The Lighting Controls Association is a resource for switching 
and dimming controls. Leading manufacturers of control systems are 
members of this association. The website has up-to-date publication 
and information about current lighting control technology. 
http://lightingcontrolsassociation.org/ 
 
Sensor Placement and Optimization Tool (SPOT) An online 
tool to assist with the placement of daylight harvesting sensors 
according to the type of daylighting systems will be operated, selection 
of appropriate algorithms and control system setting, with reporting 
in terms of light levels and energy savings. For more information, visit 
www.archenergy.com/SPOT/download.html. 
 

 
Engineer, Lighting 
Designer 
 
 
 
Engineer, Lighting 
Designer 
 
 
 
 
Architect, Engineer, 
Lighting Designer 

Calibration and Commissioning 
 
International Energy Agency - Daylighting Buildings in the 21st 
Century:  

 
Lighting Designer 
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http://archive.iea-shc.org/publications/downloads/8-8-
1%20Application%20Guide.pdf.   
 
National Electrical Contractors Association: Guide to 
Commissioning Lighting Controls: 
www.necanet.org/files/ACF363E.pdf  
 
International Performance Measurement and Verification 
Protocol: www.evo-world.org/  
 
See SPOT in the Sensors and Controls section above. 
 

 
 
 
Engineer, 
Commissioning 
Agent 
 
Engineer, 
Commissioning 
Agent 
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13 Glossary 
Altitude  The vertical angular distance of a point in the sky (usually the sun) above the horizon. 
Altitude is measured positively from the horizon (0˚) to the zenith (the point in the sky straight 
overhead, 90˚). 

Ambient Lighting  General illumination, typically used to define lighting requirements for 
non-task specific areas, e.g., circulation areas. 

Azimuth  The horizontal angular distance between the vertical plane containing a point in the 
sky (usually the sun) and true south. In other words, the angle of sun from true south as seen in 
plan view. In some cases, this angle is defined relative to true north. 

Baffle  A single opaque or translucent element used to shield a source from direct view at 
certain angles. 

Ballast  Electrical device which supplies proper voltage, current, and wave form conditions to 
start and operate discharge lamps (fluorescent, mercury, high-intensity discharge). 

Brightness  The subjective perception of luminance. 

Brightness Glare  Glare resulting from high luminances or insufficiently shielded light 
sources in the field of view. Also called direct glare. 

Candela (cd)  A common unit of light output from a source, a measure of luminous intensity. 

Candlepower  The intensity of light produced by a source, measured in candelas. 

Candlepower Distribution Curve  A diagram plotted on polar coordinates which represents 
the variations in light output of a source throughout the directions into which the source emits 
light. Commonly used in lighting product brochures. 

Color Rendition  The effect of a light source on the color appearance of objects. 

Commissioning  A set of activities conducted during or after the construction phase aimed at 
verifying that the building, or pieces of its systems, function as designed. This is a 
comprehensive process of reviewing design documentation, verifying installation, testing 
equipment and system performance, training building operators, and analyzing the operation of 
building systems. 

Contrast Glare  Glare resulting from a large brightness difference in the field of view. 

Cost/Benefit Analysis  Any technique intended to relate the economic benefits of a solution 
to the costs incurred in providing the solution. 

Cut-Off Angle  The critical viewing angle beyond which a source can no longer be seen because 
of an obstruction, such as a baffle or overhang. 

Daylight Factor  The ratio of daylight illuminance on a horizontal point indoors to the 
horizontal illuminance outdoors, expressed as a percentage. Direct sunlight is excluded. 



127 

 

Deadband The thermal range within which mechanical systems are not operating. 

Diffuse Lighting  Indirect light (the source is often not visible) that comes from a variety of 
angles or directions. 

Diffuser  Any device that disperses light from a source, e.g., translucent glass. 

Discount Rate  A rate used to relate present and future dollars. This is a percentage used to 
reduce the value of future dollars in relation to present dollars, to account for the time value of 
money. Discount rate may be the interest rate or the desired rate of return. 

Footcandle (fc) Unit of illuminance used in the inch-pound system. The metric unit is lux. 

Footlambert  Unit for luminance in the inch-pound system. The metric unit is the candelas per 
square meter (cd/m2). 

Glare  The sensation produced by brightness within the visual field that is greater than the 
brightness to which the eye is adapted and thus causes annoyance, discomfort, or loss in visual 
performance and visibility. 

Illuminance (fc, lux) Roughly, the amount of light falling on a surface. 

Indirect Lighting  Lighting achieved by reflection, usually from wall and ceiling surfaces. 

Kilowatt (kW) Unit of electric power (the rate at which energy is used). Equals 1,000 watts. 

Kilowatt-Hour  Unit of energy. Equals 1,000 watt-hours. 

Life Cycle  The period of time between a baseline date and the time horizon, over which future 
costs or benefits will be incurred. 

Light Shelf  A horizontal element positioned above eye level to reflect daylight onto the ceiling. 

Load shedding The process through which peak electricity requirement is reduced, normally 
through turndown in plant or component operations or shut down / switch off. 

Louver  A series of baffles used to shield a light source from view at certain angles. 

Lumen (lm) A common unit of light output from a source. 

Luminaire  A complete electric lighting unit including housing, lamp, electrical components, 
diffusers, and focusers. Also called a fixture. 

Luminance  (cd/m2) Roughly, the amount of light coming from a surface in a single direction; 
in other words, how bright it is. 

Luminance Ratio  Ratio between different brightnesses in the visual field. 

Lux  The metric unit for illuminance. The inch-pound unit is the footcandle. 
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Minimum Attractive Rate of Return  The effective annual rate of return on an investment 
which just meets the investor’s threshold of acceptability. It reflects the cost of using resources 
as well as the potential risk involved with the project. 

Payback Period  Time required for an investment to return its value to the investor. 

Photometer/photosensor  An instrument for measuring light. 

Present Worth (or Value) The current value of an amount. Typically used to represent the 
value today of a future amount, by discounting the future amount to current dollars. 

Rate of Return on Investment  An interest rate which represents a measure of profit from 
an investment. 

Reflectance  The ratio of energy (light) bouncing away from a surface to the amount striking it, 
expressed as a percentage. 

Reflected Glare  Glare resulting from mirror-like reflections off of shiny surfaces. 

Stationpoint  The preferred location for placement of sensors and meters on the basis of their 
access to natural and artificial light. 

Task Lighting  Light provided for a specific task, versus general or ambient lighting. 

Transmittance  The ratio of energy (light) passing through a surface to the amount striking it, 
expressed as a percentage. 

Thermal comfort criteria/standards  The thermal range within which a person wearing a 
“normal” amount of clothing is neither too hot nor too cold. 

U-value  The metric by which heat flow through a material is measured; lower values indicate 
lower rates of transmission. 

Veiling Reflection  A condition where light reflected from a surface masks the details of that 
surface. A common occurrence when glossy magazines are read under bright, direct lighting. 

Visual Acuity  A measure of the eye’s ability to distinguish fine details. 

Visual Comfort Probability  Rating of a lighting system expressed as a percentage of the 
people who will find it free of discomfort glare. 

Visual Field  What can be seen when head and eyes are kept fixed. 

Visual Performance  The quantitative assessment of a visual task, taking into consideration 
speed and accuracy. 

Watt  Metric unit of power. 

Watt-hour  Unit of energy corresponding to exerting one watt of power during one hour. 
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Workplane  The plane at which work is performed, usually taken as horizontal and at desk 
height (30") above the floor.  
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15 Appendix A 
First Cost and Energy Savings 

 
Year of material and labor cost data: 2011, indicative labor cost from California (which has generally higher commercial equipment / plant installation labor rates than elsewhere in the 
United States8). Cost data is on $ / square foot, energy savings quoted in $ / square foot / year for three climate zones (reference locations, Phoenix; Washington, D.C.; and 

                                                        

8 U.S. Bureau of Labor Statistics. www.bls.gov/oes/current/oessrcst.htm. 

Costs units: $/sqft

Energy units: $ /sqft /yr

Eqmt Cost 

($/sqft)

Labor Cost 

($/sqft)

Eqmt Cost 

($/sqft)

Labor Cost 

($/sqft)

Eqmt Cost 

($/sqft)

Labor Cost 

($/sqft)

Eqmt Cost 

($/sqft)

Labor Cost 

($/sqft)

Eqmt Cost 

($/sqft)

Labor Cost 

($/sqft)

Eqmt Cost 

($/sqft)

Labor Cost 

($/sqft)

0.63 0.25 0.86 0.38 1.09 0.50 0.63 1.08 0.86 2.17 1.09 4.33

1.10 0.50 1.50 0.75 1.90 1.00 1.10 1.08 1.50 2.17 1.90 4.33

1.68 0.00 2.64 0.00 6.00 0.00 1.68 0.00 2.64 0.00 6.00 0.00

6.48 0.00 6.96 0.00 7.44 0.00 6.48 0.00 6.96 0.00 7.44 0.00

0.24 0.00 3.42 0.00 9.97 0.00 0.66 0.00 4.63 0.00 13.87 0.00

1.39 2.40 5.60 2.40 11.20 2.40 1.39 2.40 5.60 2.40 11.20 2.40

13.33 4.90 16.67 4.90 20.00 4.90 13.33 4.90 16.67 4.90 20.00 4.90

0.06 0.23 0.09

0.17 0.01 0.68 0.17 0.01

3.42 9.97 0.66 4.63 13.87

0.26 0.02

21.57 24.90

8.00 13.60

External Auto / 

Motorized Shading

3.79 8.00 13.60 3.79

18.23 21.57 24.90 18.23

2.48 0.68 0.05 2.48 0.68 0.05

0.88 0.26 0.02

1.68 2.64 6.00

2.90 2.18 3.67 6.23

0.06

6.96 7.44 6.48 6.96 7.44

0.19 0.01 0.79 0.19 0.01

0.98 0.62 0.270.62 0.27

0.09

Internal Adaptive 

Shading

High Performance 

Glazing

External Static Shading

0.88

0.85

1.60

1.68

0.79

6.48

0.23

0.24

0.68

0.98

0.88

Energy Saving ($/sqft/yr)

Energy Efficiency 

Measure

Stepped Dimming

Continuous Dimming

Internal Manual 

Shading

1.23

0.56

1.59

0.51

1.71

0.85

3.02

0.56

5.42

0.51

2.25

Energy Saving ($/sqft/yr) Energy Saving ($/sqft/yr) Energy Saving ($/sqft/yr) Energy Saving ($/sqft/yr) Energy Saving ($/sqft/yr)

Total Installed Cost ($/sqft)

2.64 6.00

New Construction Retrofit

Total Installed Cost ($/sqft) Total Installed Cost ($/sqft) Total Installed Cost ($/sqft) Total Installed Cost ($/sqft) Total Installed Cost ($/sqft)

Minimum Typical Maximum Minimum Typical Maximum
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Minneapolis), cardinal point facade orientations and a range of window sizes. Maximum and minimum energy savings reflect performance in extreme climates, with “typical" being a 
calculation of the mean across all three climate zones. Energy savings estimates include impacts on electricity use for lighting and cooling and on gas use for heating.  

Table A-1: Equipment and Labor Costs and Energy Savings by System Type 

Table A-1 highlights costs and energy savings associated with each of the listed EEMs. Costs are quoted in dollars per square foot of 
serviced floor area and include equipment and labor (including installation) costs separately and in total. Energy savings are quoted 
in dollars per square foot per year. So for instance, for Stepped Dimming in New Construction (red highlighted numbers), the total 
typical installed cost is estimated at $1.23 per square foot ($0.85 for equipment and $0.38 for labor), and the typical energy cost 
savings are estimated at $0.56 per square foot. For that example, the simple payback would be less than 2.5 years. 

 


