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Lighting and 
Daylighting  
OVERVIEW 

This Overview introduces lighting and daylighting in schools and reviews important design criteria. This 
is followed by a primer on daylighting and a primer on electric lighting. The primers review principles and 
concepts that may not be familiar to all readers. The guidelines listed below then follow this material. 
The guidelines include both daylighting guidelines and electric lighting guidelines, presented in that 
order. 

 Guideline LG1: View Windows 

 Guideline LG2: High Sidelighting—Clerestory 

 Guideline LG3: High Sidelighting—Clerestory with Light Shelf or Louvers 

 Guideline LG4: Classroom Daylighting—Wall Wash Toplighting 

 Guideline LG5: Central Toplighting  

 Guideline LG6: Patterned Toplighting 

 Guideline LG7: Linear Toplighting  

 Guideline LG8: Tubular Skylights 

 Guideline LG9: Classroom Lighting—Conventional Teaching 

 Guideline LG10: Multi-Scene Classroom Lighting 

 Guideline LG11: Teaching Board Lighting 

 Guideline LG12: Lighting Controls for Classrooms 
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 Guideline LG13: Gym Lighting 

 Guideline LG14: Corridor Lighting 

 Guideline LG15: Lighting for a Multi-Purpose Room 

 Guideline LG16: Lighting for a Library or Media Center 

 Guideline LG17: Lighting for Offices and Teacher Support Rooms 

 Guideline LG18: Lighting for Locker and Toilet Rooms 

 Guideline LG19: Outdoor Lighting 

Some of the material that would otherwise be repetitious in the guidelines is included in the Overview, 
such as information on codes and standards and references.  

Daylighting is the cornerstone of energy efficient, sustainable, and high-performance school design.  
Windows and skylights, if properly designed, can provide high quality interior illumination without 
excessive solar heat gain, and they can also be used to provide natural ventilation.  Electric lighting 
systems can then be extinguished or dimmed for most school hours, saving significant electric lighting 
and cooling energy and extending the useful life of the electric lighting components. In addition to energy 
benefits, daylit schools have been shown to improve 
learning (see the Daylighting Primer below).  

Daylight is provided via windows and glazed doors, 
and skylights. These glazed openings are referred to 
as "fenestration." See the Building Envelope chapter 
for information on fenestration performance criteria. 
The placement, design, and selection of fenestration 
are extremely important and can tip the balance 
between a high- and low-performance school. 
Fenestration has an impact on building energy 
efficiency by affecting cooling loads, heating loads, and 
lighting loads. Visual comfort is strongly affected by the 
window location, shading, and glazing materials. Well-
designed windows can be a visual delight. But poorly 
designed windows can create a major source of glare. 
Thermal comfort can also be compromised by poor 
fenestration design. Poorly insulated windows add to a 
winter chill or summer sweat, while windows with low 
U-values keep glass surface temperatures closer to the interior air temperature, improving thermal 
comfort. In addition, east-west windows and unshaded south windows can cause excessive cooling 
loads. And although windows and skylights provide opportunities for natural ventilation, they must be 
designed to ensure a safe, secure, and easily maintained facility.  

 

 

Classroom with Balanced Illumination 

Central toplighting from a saw tooth monitor with sun 
baffles is combined with view windows to provide 

balanced illumination in a classroom. Source: Barbara 
Erwine 
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Moreover, daylighting provides opportunities for architectural creativity, such as the creation of 
structures and shapes that produce filtered or indirect daylighting while serving as visually stimulating 
elements of the design. 

Daylighting design today is very similar to electric lighting design.  Rather than selecting fenestration 
simply for view or aesthetics, architects must now carefully consider the amount and distribution of 
daylight. Some daylighting techniques have limted applications and often it is best to combine two or 
more daylighting techniques to achieve a good design. Selection criteria for some common daylighting 
strategies are summarized in Table 10. A guideline is provided later in this chapter for each of the 
referenced daylighting patterns. 

Table 10—Selection Criteria for Daylighting Strategies 
Daylighting Patterns 

Design Criteria 
View 

Windows 

 
High 

Sidelight 

High Sidelight 
w/ Light Shelf 

or Louvers 

Wall 
Wash 

Toplight 

Central & 
Patterned 
Toplight 

Linear 
Toplight 

 
Atria & Light 

Well 
Tubular 

Skylights 
Uniform Light 
Distribution         

Low Glare        /  
View      /    
Reduced 
Energy Costs         

Low First Cost         
Cost 
Effectiveness         

Safety/Security 
Concerns   /     /   

Low 
Maintenance         

 Extremely good application  Good application  Poor application  Extremely poor application  Depends on space layout 
and number and distribution of daylight apertures /  Mixed benefits 

While many of California’s climate zones provide ample daylight for most school activities, there will 
always be a significant need for good quality electric illumination.  Schools are operated early in the 
morning and late in the afternoon in winter months, and during inclement weather.  Also, many schools 
are used at night in support of adult education, community activities, and other events.  While daylighting 
serves to save energy when daylight is abundant, the electric lighting system remains necessary and it 
should be of good quality overall. 

In a high performance school, electric lighting systems should: 

 Use T-8 and T-5 fluorescent lighting systems in most spaces, using the latest electronic or 
electronic dimming ballasts and efficient luminaires. 

 Use ceramic metal halide, compact fluorescent, or other efficacious sources when fluorescent 
systems can’t be used. 

 Be carefully designed to meet modern lighting design criteria while operating at lower lighting power 
density than allowed by Title 24. 

 Achieve an aesthetic appearance that is in balance with architecture and interiors elements. 
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 Address multiple function spaces with additional layers of lighting designed to achieve the right 
mood for each use. 

 Employ automatic daylight controls to “harvest” daylight whenever it is available. 

 Employ motion sensing controls to appropriately turn off electric lights in response to occupancy. 

 Employ time of day controls for public spaces that ensure lights are off when not needed. 

 Provide manual switching and dimming controls that permit teachers and staff to configure lighting 
for the needs of the room.  

 Employ carefully designed exterior lighting that prevents artificial sky glow, glare and obtrusive light. 

In order to achieve the substantial energy savings possible in high performance schools, all members of 
the design and construction teams must collaborate more than ever. For instance, in the programming 
and schematic design of the school, architects will need to seek the input of electrical and mechanical 
engineers and other consultants who traditionally become involved later in the project.  In particular, 
daylighting analysis is mostly performed in early schematics as the architect evaluates possible basic 
massing and site plan options. Proper decisions made early in the design can minimize more difficult 
choices later as the whole building energy modeling process is undertaken. 

While the design of electric lighting can be undertaken later in the process, keep in mind that the 
principal objective of integration is to turn off as many electric lights as possible.  The lighting designer 
must understand the performance of the daylighting on a daily and annual basis. Then, design lighting 
with the knowledge that specific luminaires are intended to be off or dimmed during daylight hours.  

Lighting Design Criteria 

The primary purpose of lighting, whether electric light or daylight, is to provide a visual environment that 
enhances teaching and learning, provides an appropriate mood and atmosphere and allows students 
and teachers to perform their visual tasks quickly and comfortably. In setting lighting design criteria, it is 
important to consider all of the possible issues involving lighting.  In its Ninth Edition Lighting Handbook 
(2000), the Illuminating Engineering Society of North America (IESNA) has devoted an entire chapter to 
the complex criteria that are involved in modern lighting design.  The IESNA recommends consideration 
of all of the following criteria, varying the importance of each on a project: 

 Appearance of space and luminaires. 

 Color appearance. 

 Daylighting integration and control. 

 Direct Glare. 

 Flicker and Strobe. 

 Light distribution on tasks and surfaces (illumination). 
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 Light distribution on task place (uniformity). 

 Luminance of Room Surfaces. 

 Modeling of faces or objects. 

 Points of interest. 

 Reflected glare. 

 Shadows. 

 Source/task/eye geometry. 

 Sparkle/Desirable reflected highlights. 

 Surface characteristics. 

 System control and flexibility. 

In a classroom, illumination, distribution, luminaire and daylighting integration will be among the most 
important considerations, while sparkle and highlights, which are often more important in entertainment 
and retail lighting, are significantly less important in the classroom.  A chapter in the IESNA Lighting 
Handbook is devoted to lighting in schools, and for more information, the IESNA publishes “Lighting for 
Educational Facilities,” RP-3-00.  Readers should note that the California energy efficiency standards 
and CHPS are significantly more concerned about energy efficiency and daylighting than the IESNA, so 
keep this in mind when consulting IESNA and other national and international publications.  

Light Quantity (Illumination and Uniformity) 

Visual tasks are the things we do inside our buildings that require light, such as reading, walking down a 
corridor, watching a presentation, etc and light quantity is the most important criterion in school lighting. 
In order to determine whether there is enough light, the common measure of the quantity of light is 
footcandles at the task level or position. The IESNA publishes illumination level recommendations (see 
above) for a variety of spaces types or visual tasks. In the IESNA Lighting Handbook (2000), the IESNA 
provides as part of its recommended lighting design procedure the most recent recommendations for 
horizontal illuminance. Table 11 shows some of the common recommendations for general visual tasks.  
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Table 11—IESNA Recommended Illumination Levels for General Visual Tasks 
Category Description Recommended Illuminance (fc) 

Public spaces (Corridors at night, entrance canopy) 3 fc 
Simple orientation for short visits (Waiting rooms, elevators) 5 fc Orientation and 

Simple Visits Working spaces where simple visual tasks are performed (Lobbies, 
corridors, locker rooms) 10 fc 

Performance of visual tasks of high contrast and large size (Meeting 
rooms, storage areas, copy rooms) 30 fc 

Performance of visual tasks of high contrast and small size, or visual 
tasks of low contrast and large size (Filing, open offices, private offices) 50 fc 

Performance of visual tasks of low contrast and small size (Feature 
displays & inspection areas) 100 fc 

Common Visual 
Tasks 

Performance of visual tasks near threshold (Surgery & sewing) 300–1,000 fc 
Source: IESNA Lighting Handbook, 9th ed. (2000), p. 10–13  

The lighting levels listed above are AVERAGE levels, and that a variation of about ⅓ this value is 
acceptable.  For visual tasks of high contrast and large size (an average of 30 footcandles is 
recommended above), 30 footcandles plus or minus 10 footcandles is considered acceptable. 

The process of selecting light levels requires the lighting designer to consider, among other things, the 
age of the viewer, the importance of speed and accuracy, the number and type of different tasks and the 
size of the visual tasks.  For instance, examination of Table 11 suggests that classrooms will most likely 
have a combination of high contrast, large size tasks and high contrast, small size tasks.  Given a wide 
range of ages that use a classroom (considering both normal and adult education) and moderate needs 
for speed and accuracy, most of the space should have a minimum of 30 footcandles, with an average 
of about 40–45 footcandles.  In this way, most of the classroom will meet more demanding criterion (50 
footcandles ± ⅓) and yet use a minimum amount of energy.   

The IESNA recommendations are based on electric illumination.  In a well designed daylit classroom, 
light levels can easily range between 30 and 250 footcandles throughout of the day (badly designed 
daylighting levels can be much higher).  More lighting is generally better and visual performance 
increases, up to a point.  However, as projected media is more widely used in the classroom teaching 
environment (see Teaching Technology Issues, below) this adage is not necessarily true.  In the fully 
modern classroom, it may be necessary to set several criteria for light levels, e.g. one for general 
instruction and one that works better with LCD projectors or other teaching technology.  

Table 12—Illumination Criteria for Daylit Classrooms 

Activity (Scene) 
Task Light Level (average at 

desks in classroom) 
Acceptable Variation of Task 

Light Level Other Considerations 
Reading, artwork, social time, 

etc. 
45 footcandles (minimum of 30 

footcandles) 30–250 footcandles Daylight glare control required 

Normal Lecture 
Chalkboard or whiteboard 

45 footcandles (minimum of 30 
footcandles 

30–250 footcandles; dimming 
to lower levels may be useful 

Additional vertical surface 
lighting for board should be 
considered 

Screen Lecture 15 footcandles 
Dim to lower levels is 

permissible; higher levels 
should probably not be used. 

Maximum of 5 vertical 
footcandles at any point on 
screen; room use shades 
required 

Also note that special purpose classrooms, such as arts or shop, may have higher light level 
requirements.  It is critically important to identify these spaces and tasks.  Note, however, that unlike 
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classrooms, in which seats are generally evenly distributed throughout and can move around, special 
work areas such as industrial arts equipment are fixed and the high light levels are only needed at the 
machine itself.  It is normal to set different task light levels in the same space and to then design 
accordingly. 

Lighting Quality 

IESNA’s lighting design procedure consists of a six-step process that emphasizes the relative 
importance of numerous design issues for specific applications. IESNA is clear that adequate 
illumination consists of much more than just horizontal illuminance. Other issues and design criteria 
include: color appearance, daylighting integration and control, illumination of room surfaces, vertical 
illumination, glare control, uniformity, and color rendering.  

Vertical Illumination. Vertical illumination is one of the more critical design issues in many building types. 
The perception of what comprises lighting quality is strongly influenced by vertical (not horizontal) 
illumination. For example, wall illumination is a critical factor in the sense of brightness and cheerfulness 
of a room. In nighttime environments, vertical illumination enables facial recognition and is important to 
create a sense of safety and security. Appealing vertical illumination also promotes social 
communication. In the case of classrooms, vertical surface illumination may be critical with respect to 
chalkboards, whiteboards and other teaching surfaces.   

Glare Control. Light sources that are too bright create uncomfortable glare, particularly in rooms with 
dark colored surfaces. In extreme cases, direct or reflected glare can also impair visual performance by 
reducing task visibility. In such a case, fatigue results from the eye having to work much harder to adjust 
to the luminance (brightness) extremes. All sources of light, including daylight, must be carefully 
controlled to avoid causing discomfort or disabling glare. Common glare problems include uncomfortable 
overhead glare from direct distribution luminaires, reflected luminaire imaging on video display terminals 
and whiteboards, and direct glare from uncontrolled windows or skylights. Very bright electric sources, 
such as bare fluorescent lamps, should be shielded or mounted sufficiently far away so as not to create 
an unacceptable level of glare. Luminaires using at least some indirect lighting systems tend to produce 
less glare. 

Uniformity. Most task-oriented building spaces should be illuminated as uniformly as possible, avoiding 
shadows or sharp patterns of light and dark. In most instances, luminance contrast ratios between the 
visual task and its immediate surrounding should not exceed 3:1, and contrast between the brightest 
surfaces in the visual field and the visual task should not exceed 10:1 (see also the Glare Control 
paragraph above). Higher ratios contribute to fatigue, because the eye is constantly adapting to differing 
light levels. Avoid recessed or surface-mounted parabolic fixtures in spaces where it is important to have 
bright upper walls and ceilings. Exceptions might include lighting systems for theaters and social spaces, 
where downlighting systems might be used to create a dramatic atmosphere. Daylight should be 
balanced across a space or should be supplemented with electric lighting that balances its distribution in 
the space.  
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Maximize overall lighting uniformity by following guidelines for maximum spacing of luminaires, which is 
provided by the lighting fixture manufacturer in the form of spacing criteria. Spacing Criterion (formerly 
spacing-to-mounting-height ratio) is a number that indicates the ratio of the maximum spacing between 
luminaires to the mounting height above the work plane to achieve uniform illuminance. This value can 
be expressed in length and width for non-symmetrical illuminance patterns, i.e., 24 in. x 48 in. 
fluorescent troffer. The best method of maximizing uniformity is to make a concerted effort to light the 
ceiling and vertical surfaces using indirect or indirect/direct luminaires and light-colored, diffuse surface 
materials.  

Color Rendering. Light sources that render color well enhance the visual environment. Light sources 
should have a minimum color-rendering index (CRI) of 80 for most interior spaces. Daylight through 
modern glazing systems has slightly distorted color, but in most cases it maintains CRI >80. Ceramic 
metal halide lamps, the latest high-performance T-8 lamps, T-5 lamps, and most compact fluorescent 
lamps have a CRI in the range of 82–86. (In critical color rendering environments, such as fine arts, it is 
possible to use fluorescent T-8 lamps with CRI>90, although due to their expense, lower lumen output, 
and uncommon nature, restrict these choices to spaces where they are really needed.) 

Color Temperature. Modern lighting systems are typically available at 3000K (warm), 3500K (neutral) 
and 4100K(cool).  In general, spaces designed at 3000K are more agreeable in colder climates, and 
4100K appears better in warmer climates.  It is very common to choose 3500K to split the difference.  All 
fluorescent lamps allow the choice of lamps at these color temperatures, and in most lamp types, at 
5000K as well.  Halogen lamps, which should probably be restricted to art display, for theater house 
lighting and for “mood” lighting in select spaces, are around 3000K and look good with 3000K and 
3500K fluorescent lamps.  Ceramic metal halide lamps are available at both 3000K and 4000K, and the 
3000K goes well with both 3000K and 3500K fluorescent lamps.  Avoid extremely low color temperature 
lamps like 2700K. 

There is a growing debate over visibility benefits and photobiological affects attributed to 5000K (and 
higher) lamps. In California, extensive experiments using this theory have been pursued by PG&E and 
are part of a US Department of Energy investigation, but so far the IESNA has not yet determined that 
the results warrant changes in theory or practice.  CHPS presently advises careful consideration of the 
use of this theory, noting that many of the benefits attributed to these lamps are achieved far better by 
daylighting.  If students are mostly in daylit classrooms and activity areas like libraries, the benefits of 
these lamps are almost totally moot as the spectral qualities that cause the so-called scotopic effects are 
abundant in daylight. 

Lighting Control Flexibility 

Lighting controls should be designed to accommodate the varying nature of most spaces. In addition to 
saving energy, bi-level or multiple-level switching enables different light levels to respond to changing 
requirements. Separate circuiting of luminaires in daylit zones also enhances space flexibility and energy 
savings. Control flexibility improves lighting energy performance by encouraging the use of lights that 
are only needed for the activity at hand and increases occupant satisfaction through user control. 



 Overview Lighting and Daylighting 

 

CHPS BEST PRACTICES MANUAL DESIGN  © 2006 CHPS, INC 201 

 

Lighting control systems must also be easy to understand and operate. Non-intuitive control interfaces 
are likely to be ignored at best, and disabled in more extreme cases.  

The Need for Light Modulation and Control  

The visual needs of a classroom have evolved as the tools and technologies used for instruction have 
changed.  In the 1960s and 70s, when many school lighting standards were developed, teachers were 
instructing with chalk on blackboards and running super-8 film clips, handing out lessons on fuzzy 
mimeo sheets.  In the 1980s and 90s, white marker boards and overhead projectors increasingly 
replaced chalk boards, TV screens and computers replaced old film projectors, and high contrast copies 
replaced mimeo sheets. Now, in the new century, we have the prospect of rapidly evolving technology 
that is likely to permeate the classroom and once again change the visual needs of the classroom. Any 
classroom designed and built now, should be be flexible enough to accommodate both current 
technology and any future innovations.   

Thus, any increase the ability of the teacher to control and modify the lighting conditions in the 
classroom is likely to both support current teaching needs, and the ability to adopt future innovations.  
California’s Title 24 energy efficiency codes require a minimum of two levels of illumination in 
classrooms and other spaces.  In a high performance school, multiple levels of illumination control are 
recommended so that all current and future visual needs can be met.   

Contrast and the Screen 

The ability to obtain information from any visual task is largely due to the contrast between data, such as 
letters or numbers, and the background, such as paper or a whiteboard.  In the simplest of terms, 
contrast is the ratio of white levels to black levels (in the real world, black levels are not really zero, but 
very low levels of luminance).  For example, the contrast of black marker letters on a whiteboard may be 
20:1 or higher. 

It is recommended that illumination on the screen from daylight or electric lights be limited to a maximum 
of 5 vertical footcandles, which will generally result in 10:1 contrast which is minimally acceptable for 
most video presentations.  When possible, higher contrast should be able to be achieved by further 
dimming, turning lights off or through use of black-out shading. Rear screen projection systems and 
large screen plasma and direct CRT systems are less susceptible to room light but are significantly more 
expensive and/or physically more intrusive. 

Finally, computer screens, especially laptop screens, are expected to become a significant part of the 
classroom.  Most computer screens are adequately bright in rooms lighted to 30 footcandles or more.  
However, careful juxtaposition to windows and skylights is important.  

Lighting and Daylighting Implications 

Restricting vertical surface illumination to 5 footcandles is difficult when daylighting is provided by 
windows. Windows can easily create 100 vertical footcandles or more, suggesting the need for window 
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shades that allow only 1%–3% of the light to pass.  Electric lighting systems can also provide too much 
light on the screen.  Most general lighting systems including troffers as well as suspended lighting 
systems produce 15-25 vertical footcandles when generating 40–50 horizontal footcandles for typical 
classroom work.  So in addition to reducing or eliminating daylight, it is necessary to reduce electric 
lighting levels as well, either through dimming or through switching.  

Table 13—Teaching Technologies and Impacts 
Medium Requires external 

illumination 
Sensitivity to ambient light Recommended provisions 

Chalkboard (black or green) Yes, at least 30–40 vertical 
footcandles are recommended 

Not at all None 

Markerboard (white or gray) Yes, at least 10–15 vertical 
footcandles are recommended 

Specular finish can cause 
bright flashes 

Should not be opposite 
windows; not suitable for use 
as a projection surface 

Television (CRT) No Specular (glass) screen is 
subject to bright flashes from 
windows and lights; room may 
need to be darkened for best 
visibility. 

Should not be opposite 
windows; curved screens can 
be affected by skylights, 
windows and lights from many 
angles  

Video display (flat panel) No Room may need to be 
darkened for best visibility 

Should not be opposite 
windows or directly washed by 
skylights. 

Rear projection (self 
contained) 

No Room may need to be 
darkened for best visibility 

Should not be opposite 
windows or directly washed by 
skylights 

Smart Screen with self 
contained rear projection 

No Room will need to be darkened Room will require darkening 
shades 

Front Screen Video Projection No Room will need to be darkened Room will require darkening 
shades 

Conventional overhead 
projection 

No Almost none None 

Conventional film and slide No Room will need to be darkened Room will require darkening 
shades 

Mercury and Lamp Recycling 

Mercury in fluorescent lamps is a serious issue that has been documented and is being addressed by 
the lighting industry. Mercury is a toxic element and there are significant concerns about mercury being 
emitted into the atmosphere or released into groundwater when fluorescent lamps are discarded.  

Fluorescent lamps use electricity to excite mercury gas so that it emits ultraviolet light, which in turn 
causes the phosphor coating to fluoresce and emit light. On average, fluorescent lamps traditionally 
contained approximately 40 mg of mercury per 4-ft lamp (about 1980). Recent developments in lamp 
technologies have resulted in low mercury lamps that contain about 10 milligrams or less per lamp. 
However, without special lamp components to preserve useable mercury, less mercury can decrease 
lamp life.  

Most HID lamps also contain mercury, and low mercury versions exist for some types, especially high-
pressure sodium. A few mercury-free HPS lamps are available for special situations. The low mercury 
HPS lamps, also called unsaturated, offer similar or better performance compared to standard lamps, 
and do not cycle at the end of lamp life. 
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The U.S. Environmental Protection Agency (EPA) has declared that most lamps containing mercury are 
hazardous materials requiring special handling. This mandate applies to most fluorescent lamps and in 
some cases may also be defined to include HID lamps. Spent lamps may be properly disposed of in 
well-designed landfills; however, it is much more ecologically responsible to recycle them. Some states 
require all mercury containing lamps to be recycled, and it is expected that more states will require adopt 
similar regulations. Most lamps can be completely recycled by a number of different recycling 
companies. Current costs for recycling lamps average about $0.01/linear ft. When preparing a 
maintenance plan for a lighting system, include a lamp recycling procedure. Refer to National Electrical 
Manufactures Association (NEMA) (www.nema.org/lamprecycle) and the Association of Lighting and 
Mercury Recyclers (www.almr.org) for additional details, including links to state regulatory agencies and 
their codes. 

Building owners should be good environmental stewards and engage in recycling programs for 
fluorescent lamps. For demolition and renovation projects, recycling of lamps should be required where 
local recycling options are available. See the Advanced Lighting Guidelines, chapter three, for additional 
discussion of lamp and ballast recycling topics. 

Maintenance 

Maintaining lighting systems is critical to the continued performance, lighting quality, and energy 
efficiency of lighting systems. Establishing proper maintenance procedures is as much a responsibility of 
the designer as it is of the custodian who changes lamps. A good lighting maintenance plan should be 
included within the building specifications. 

The Electrical Systems and Lighting chapter of the CHPS Maintenance and Operation Manual covers 
issues and guidelines relative to maintaining lighting systems in schools. Topics covered in the chapter 
include:  

 Lighting Maintenance Plan (Guideline ES1). Develop a maintenance plan for lighting, making it 
available to all maintenance and administrative staff to promote good procedures and enhance 
planning and budgeting.  

 Lighting Supply Procurement (Guideline ES2). Purchase in bulk efficient lamps, ballasts and 
controls that meet district standards.  

 Fluorescent Troffers, Pendant and Surface Luminaire Maintenance (Guideline ES3). Clean, repair, 
and re-lamp troffers according to a regular schedule that does not interfere with school operation.  

 Maintenance for Luminaires with Screw-Based Sockets (Guideline ES4). Use compact fluorescent 
lamps exclusively and purchase in bulk (see above).  

 HID Luminaire Maintenance (Guideline ES5). Standardize lamps whenever possible.  

http://www.nema.org/lamprecycle
http://www.almr.org/
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 Control Maintenance: Occupant and Motion Sensors (Guideline ES6). Test controls on a regular 
basis. Respond to complaints promptly to prevent tampering. Explain operation to users. Keep 
calibration instructions under the cover for use by maintenance personnel.  

 Daylighting Controls Maintenance (Guideline ES7). Test controls on a regular basis. Explain 
operation to users. Keep calibration instructions under the cover for use by maintenance personnel. 

 Timers and Timeclock Maintenance (Guideline ES8). Explain operation to users. Keep calibration 
instructions under the cover for use by maintenance personnel. 

 Exit and Emergency Lighting Maintenance (Guideline ES9). Retrofit incandescent signs with LEDs 
as soon as possible.  

Commissioning 

All automatic lighting control systems must be tuned after installation to ensure optimal performance and 
energy efficiency. Malfunctioning automatic control systems waste energy and will disturb the occupants. 
Building specifications should include a commissioning plan that identifies the commissioning authority 
and details the required procedures. See CHPS Best Practices Manual, Volume V, Commissioning of 
Schools for more information. Specific commissioning recommendations for specific design strategies 
and technologies are also contained with each of the guidelines.  

For lighting, the commissioning plan should include the following specific items: 

 Dimmed Fluorescent Lamps. Manufacturers recommend that fluorescent lamps be fully seasoned 
prior to being dimmed. Dimming the lamps without this “burn-in” period can result in unstable light 
output and/or shorter lamp life. Recommendations vary from 10 to 100 hours, depending on the 
manufacturer. Eventually this requirement may become unnecessary by the use of “smart” ballasts 
that can sense a lamp’s status. Until such ballasts are available, both new and replacement lamps 
should be seasoned before dimming. 

 Occupancy Sensor Sensitivity/Time Delay. Motion sensors must be adjusted to ensure that they 
only sense motion in the controlled space. Motion in adjoining spaces can cause false triggering or 
cause the lights to remain on needlessly, thereby wasting energy. Similarly, sensors must not turn 
lights off when spaces are occupied. An additional adjustment to the sensors can control the time 
delay period between last detection and lights off. In most cases, this period can be set to 10 
minutes for good results. For some motion sensor applications the frequent lamp on-off cycles will 
decrease lamp life. Program Start ballasts will provide full lamp life in this situation. Specify them if 
frequent on-off cycles are anticipated.  

 Photosensors. Photosensors for both open-loop (sensing only the daylight) and closed-loop 
(sensing both the daylight and electric light they control) control systems must be calibrated to 
regulate the electric lighting appropriately to maintain the desired light levels. Photosensors 
designed for use in open-loop daylighting control systems must be mounted so that they cannot 
detect the lights they control. This may require some tweaking or relocation of the unit after 
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installation. Ensure photosensors are 
not obstructed by building components 
or furniture, and consult the 
manufacturer’s recommendations for 
proper commissioning procedures for 
photosensor devices. 

 Dimming Controllers: Dimming 
controllers for lighting systems should 
be tuned so that illuminance at the high 
dimming range will not exceed design 
parameters. Only a simple adjustment is 
required on most dimming boards. 
Similarly, the commissioning agent can 
also set the minimum light level.  

 Stepped or Relay Controllers. If a 
stepped lighting control system is employed for daylight harvesting, it is important to adjust the 
deadband between the on and off switching thresholds so that the system does not cycle on cloudy 
days. Continuous on-off cycling is annoying to building occupants and reduces lamp life. 

Design and Analysis Tools 

There are three general categories of tools for evaluating lighting, daylighting and fenestration: physical 
models, lighting computer simulation programs, and whole-building energy simulation programs.  

Physical Models 

For daylighting, physical scale models are probably the easiest and most intuitive way to understand 
daylighting design options. Scale models can be easily built that quickly and accurately illustrate the 
daylighting conditions created by any given design. They also help non-professionals to see lighting 
quality issues directly, and understand why one design is better than another. Photographs of the 
interior of scale models are an easy way to record the impacts of various design options. Many 
daylighting textbooks include a chapter on the construction and testing of daylight models. The Lighting 
Design Lab in Seattle has two excellent resources on constructing and testing daylight models: a training 
video and PDF file (See the References section below for more information.) 

Daylighting models can also be used for numerical analysis. The models may be tested either outside 
under real sky conditions or in artificially constructed overcast sky and direct sun simulators. Small light 
measuring devices (photocells) can be used to record light levels within the model. Sun simulators 
(heliodons) can be set to represent the correct sun angle for the site latitude and hour of day, and are 
used to visualize the movement of light during a typical day. Measurements in a simulated sun or sky 
are more reproducible than in the real sky, which is constantly changing. Many universities and electric 
utilities have sun and overcast sky simulators, associated video equipment, and photocell arrays.  

 

Example of Scale Model Used for Daylighting Analysis 
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Lighting and Daylighting Computer Simulations 

Electric lighting and daylighting simulations 
programs are available which give information 
about the distribution of both electric lighting 
and daylighting in spaces. The simplest of these 
programs provide rudimentary zonal cavity 
calculations to predict average horizontal 
footcandles, while the most sophisticated tools 
can handle extensive calculations and produce 
photo-realistic renderings. Most of these 
programs can calculate horizontal and vertical 
illuminance for a number of points within the 
space. Some can produce rudimentary 
renderings as well. Most can import/export data 
from CAD software. 

These tools are effective in integrating the 
contributions from windows and skylights as 
well as electric lighting systems. These 
programs produce results for a single instant in 
time, and multiple calculations are needed to 
study varying sky and solar conditions. These 
computer-based tools give light level values and 
gradients for both daylight and electric light 
across the space. Some of these tools also 
produce realistic renderings of lighting within the 
space, which may be linked to generate an 
automated “walkthrough” of the space for a 
particular day and time or to simulate the 
daylight variations through the hours of the day. The programs that are easiest to use may be 
constrained by the complexity of shapes they can simulate. The more complex programs can simulate 
almost any room shape or material, but require significantly more expertise and modeling time.  

Companies that specialize in lighting software offer the most sophisticated lighting software packages. 
These products are typically much more robust than the manufacturer-provided packages, and can 
handle more complex problems, such as surface luminances, daylight effects, irregularly shaped rooms, 
and high resolution rendering. 

Sample manufacturers and products: 

 SPOT 

 Skycalc 

 

 

 

 

Figure 41—Results from Lighting/Daylighting Analysis 
Software 

This is example output from a lighting/daylighting 
analysis program. The results are for a classroom 

with west facing windows at noon in June and under 
cloudy sky condition.  The image on the left is a gray 
scale rendering while the image on the right shows 

iso-lux contours. 
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 Lighting Analysts, Inc. (AGI32) 

 LCA (LitePro) 

 Lightolier (Genesys) 

 Autodesk (Lightscape) 

 Lithonia (Visual) 

 Lighting Technologies (Lumen Designer). 

Whole Building Energy Simulations 

Whole building energy simulation tools, such as DOE-2, EnergyPlus, Equest, and BLAST, consider all 
aspects of the lighting and daylighting system’s impact on building energy use, including solar gains, 
impact on mechanical equipment sizes, and reduction of electric lighting energy. Many of the energy 
simulation programs have user-friendly interfaces to make it easier to construct models and evaluate 
results. Most of these tools have simplified daylighting simulation algorithms that may not accurately 
represent daylight levels from complex designs (like light shelves). For these designs, daylight 
predictions from one of the computer simulations mentioned above may need to be input to the energy 
program to accurately predict daylight’s potential to save energy by turning off or dimming electric lights.  

Quantifying Daylight 

There are several methods of quantifying daylighting. The standard in use presently is Daylight Factor 
(DF), which is a measure of indoor daylighting to the available outdoor light level. For example if the 
measured outdoor level is 2000 footcandles and the measured level at a specific point inside the 
classroom is 40 footcandles the DF is 2%. The DF usually varies across the space so that the 
measurements are taken at a series of grid points. Daylight Factor was developed for the overcast 
climates of northern Europe and does not perform well in sunny or partly sunny climates. 

A better measure for daylighting in California and other sunny climates is Daylight Autonomy. Daylight 
Autonomy (DA) is defined as the percentage of time over a year at which daylight can provide a given 
illuminance for a given point, based on an annual hour-by-hour calculation method. In the simplest form 
for example, if the design illuminance is 40 fc and the DA is 60% that means that for 60% of the 
occupied daylight hours the electric lights would not be necessary to achieve the design illuminance of 
40 fc at a specific point. During DA calculations partial credit is given for daylight levels which do not 
meet the design illuminance threshold. For example, when a point receives 30fc of daylight illuminance 
and the required illuminance is 40fc, this point is credited 30/40 or 75% daylight for that time step. The 
Maximum DA (DAmax) is a measure of direct sunlight into the space or a portion of the space causing 
glare. The DAmax threshold is 10x the design illuminance, or in the case of a design illuminance of 40 fc 
the DAmax is 400 fc. Levels exceeding this are calculated as the DAmax and partial credit is not included 
for levels below this threshold. CHPS calculates the Daylight Autonomy Factor (DAF) as the DA minus 
two times the DAmax: 
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DAF = DA – 2(DAmax) 

To calculate DA and DAmax  an annual simulation analysis must be performed. Some software tools, 
such as the Sensor Placement + Optimization Tool (SPOT) can perform DA calculations directly. Energy 
simulation tools, such DOE-2, can calculate the amount of lighting energy saved with the use of 
daylighting as compared to the lighting energy without daylighting which is another method of calculating 
daylight Autonomy.  

Applicable Codes 

Several codes or standards affect the design and installation of lighting equipment. Some of the relevant 
considerations are outlined below.  

Fenestration Area and Performance 

Many states and local governments have adopted energy efficiency codes that limit the amount of 
glazing that can be installed in buildings and require that the fenestration meet performance standards 
to minimize heat loss (U-factor) and solar heat gain (SHGC). Many of these codes are based on 
American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE)’s 
IESNA/ANSI/ASHRAE Standard 90.1-2001, which limits skylights to 5% of the roof area and windows to 
50% of the wall area, unless a whole building performance approach is used.  

Some state codes such as the 2005 California energy efficiency standard, go the other way and specify 
that some spaces shall have a minimum skylight area for daylighting. These same codes specify a 
maximum U-factor, maximum SHGC, and in some cases, a minimum visible light transmission. For 
additional details about building envelope performance and criteria, see chapter three of this document. 

Americans with Disabilities Act 

The Americans with Disabilities Act (ADA) affects the selection and installation of lighting equipment. For 
the most part, ADA only affects the location of lighting controls and wall-mounted luminaires, which 
cannot protrude more than 4 in. when mounted less than 80 in. above the finished floor. 

Egress and Emergency Lighting 

Emergency egress and exit lighting requirements are mandated in the Uniform Building Code (UBC), 
National Electric Code (NEC), and National Fire Prevention Association (NFPA) codes. Lighting design 
must address the minimum lighting levels for egress, as well as include the necessary exit signage. Most 
counties and municipalities require at least minimal compliance with NEC, and some may require 
additional measures.  

UL Listing 

According to the NEC, all luminaires used in construction must be listed by an approved testing agency, 
such as Underwriters Laboratory. The designer must be sure that all luminaires specified are properly 
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listed by a testing agency recognized by the local electrical inspector. In addition, there are distinctions 
that need to be made for special applications, such damp, wet, and hazardous locations. 

California Building Code 

All school buildings in California must comply with the energy efficiency standards for nonresidential 
buildings (Title 24).  Title 24 documentation is available free from the California Energy Commission at 
www.energy.ca.gov and includes the Title 24 Energy Efficiency Standards (“the Standard”), the 
Nonresidential Alternative Calculation Method Manual (“ACM Manual”), the Nonresidential Compliance 
Forms, and the Nonresidential Manual.  Until October 1, 2005 compliance with the 2005 Standard is 
optional and use of the less stringent 2001 Standard is allowed. 

A significant portion of Title 24 is devoted to lighting systems. The standards require several mandatory 
measures for lighting systems including: 

 Manual or automatic lighting controls for all spaces. 

 Multi-level switching or dimming for spaces where the lighting power exceeds 0.8 W/ft². 

 Separate switching in daylit zones. 

 Automatic daylighting controls (switching or dimming) under some conditions. 

 Automatic shut-off controls.   

 Automatic control for exterior lighting. 

 Bi-level control for exterior lighting. 

 Certification of controls. 

 Acceptance testing for controls. 

Title 24 also has prescriptive requirements for lighting power. School buildings may comply using the 
whole building method, the area category method, the tailored method, or by computer modeling.  Most 
designs are based one of the three prescriptive compliance methods as follows. 

Complete Building Method  This compliance method is the simplest when a whole school building is 
being built under a single permit. In 2005, this method allows 1.2 watts per square foot for all interior 
space.  

Area Category Method  This compliance method is suited for additions, mixed use and all other school 
project types.  The gross area of each use is multiplied by the category allowance. This is the preferred 
method for compliance documentation for most projects.  For most schools, the average for the entire 
building will be about 1.2 W/ft² but schools with disproportionately high percentages of special spaces 
such as libraries or multipurpose rooms might end up slightly higher. 

Tailored Method  The Tailored Method is a more complex system in which lighting power is determined 
task-by-task. Its applicability to schools is limited—it can not be used for more than 30% of the space in 

http://www.energy.ca.gov/
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a particular permit and should be reserved for spaces with unusual tasks demanding very high light 
levels.  The tailored method is only beneficial for unique rooms and spaces with unusual lighting level 
requirements. 

As of 2005, the lighting power limits for applicable school building spaces (Area Category Approach) are 
as follows: 

Table 14—California Lighting Power Limits for Schools, Area Method 
This is a summary of whole area lighting power density allowances for typical school spaces taken from Table 146-C of the 
California energy efficiency standards (Title 24).  

Area Type Allowed Lighting Power (W/ft²) 
Classrooms, Lecture Halls, Vocational Rooms 1.2 
Offices 1.2 
Corridors, Restrooms, Stairs, and Support Areas 0.6 
Library Reading Areas 1.2 
Library Stacks 1.5 
Multi-purpose Centers 1.4* 
Auditoriums 1.5* 
Gymnasiums 1.0 
Locker Rooms 0.8 
Kitchens, Food Preparation Areas 1.6 
Main entry lobby 1.5* 
Reception Lobbies, Waiting Areas 1.1* 
Electrical and Mechanical Rooms 0.7** 
Storage Rooms, Closets 0.6 
* up to 1.0 W/ft² may be added for ornamental lighting such as sconces or chandeliers 
** up to 0.5 W/ft² may be added for task lighting 
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DAYLIGHTING PRIMER  
Properly controlled daylight promotes comfort 
and productivity. To achieve energy savings, 
electric lights must be turned off (either 
manually or automatically) when sufficient 
daylight is available. Some occupants are quite 
conscientious in manually turning off the lights 
when not needed, but automatic systems tend 
to result in greater energy savings over the 
long run.  

The first and most important step in integrating 
electric lighting with daylighting is to make sure 
that the electric lights are circuited so they can 
be logically switched off or dimmed in 
proportion to the presence of daylight in the 
room. This generally means that the electric 
lights should be circuited in lines parallel to the 
daylighting contours in the space. The areas of 
the room with the most daylight, the space 
adjacent to windows or skylights for example, 
should be turned off or dimmed first. A good rule of thumb for daylighting integration: control electric 
lights with a minimum of three separate switch legs/circuits in daylit spaces.  

The electric lighting should be designed to provide balanced and sufficient illumination under nighttime 
conditions, but it should also be circuited to supplement partial daylight when needed on dark days. The 
electric lighting designer should understand the patterns of daylight illumination expected during different 
times of the day and year, so that the electric lighting design can supplement the daylight, filling in 
darker areas of the room or highlighting a wall.  

Benefits of Daylighting 

Daylighting has a number of advantages, including improved occupant productivity, improved connection 
to the outdoors, improved health, energy savings, and quality of light. There is strong evidence that if it is 
done well, daylighting improves the health, well being, and productivity of occupants. Daylight delivers 
high quality light with excellent color rendering and may increase interior light levels and illuminance on 
vertical surfaces. Views from windows provide a connection to the environment. 

 

 

Figure 42—Skylit Library 

Cameron Park Library, Peter Wolfe Architect. Colorful banners 
enliven the space while blocking glare from the skylights and 

helping to diffuse the daylight. Source: Lisa Heschong. 
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Productivity 

A study funded by Pacific Gas and Electric18 students in San Juan Capistrano elementary schools were 
found to be performing an average of 21% better in fully daylit classrooms compared to those with no 
daylight at all.  These included both classrooms with diffusing skylights or large daylight windows.  
Similarly, in Seattle and Fort Collins elementary schools, students in classrooms with skylights or the 
largest window areas were found to have 7% to 15% higher overall test scores. In a follow-on study in 
Fresno, funded by the California Energy Commission19, horizontal daylight illumination levels per se 
were not found to be associated with better student performance, but students in classrooms with bigger 
view windows, better views, and fewer problems with glare and sun penetration were all found to be 
performing better.  A companion study20 of office workers similarly found that those workers with bigger 
and better views to the outdoors were working faster and performing better on cognitive tests.  These 
findings are consistent with an expectation that a view of a bright, daylit area may have positive impacts 
on mood, mental function, memory formation, and subtle physiological affects associated with circadian 
stimulation.  

Connection to the Outdoors 

Daylight provides a connection to the outdoors by supplying the occupant with information on time of 
day, season, and weather conditions. In doing so, it enriches the indoor environment and may also help 
to make using the building more memorable. The constant variety in the quality and quantity of daylight 
also helps keep occupants more alert. 

Improved Health 

Views provided by windows contribute to eye health by providing frequent changes in focal distance, 
which helps to relax eye muscles. This may be especially important for young children, whose eyes are 
still developing.  Daylight, whether associated with a view or not, may also affect moods and stress. 
From a physiological perspective, daylight entrains and reinforces our circadian rhythms and is thus 
associated with maintaining good health (sleep cycles, etc.) and avoiding dysfunction of our internal 
clock (seasonal affective disorder, etc.). Although most research on physiological effects has focused on 
the role of exterior daylight, our understandings of these benefits of daylight inside our buildings is 
increasing. Research in Sweden measured cortisol (a stress hormone) levels in school children and 
showed that work in classrooms without daylight “may upset the basic hormone pattern, and this in turn 
may influence the children’s ability to concentrate or co-operate, and also eventually have an impact on 
annual body growth and sick leave.”21 In a study sponsored by the California Energy Commisison, office 

                                                      
18  Heschong Mahone Group 1999 

19  Heschong Mahone Group, 2003, Windows and Classrooms,  

20  Heschong Mahone Group, 2003, Windows and Offices  

21  Kuller and Lindsten. 1992. Journal of Environmental Psychology 12:305-317. 
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workers who had access to a view reported 
significantly less fatigue and other minor health 
complaints like head aches and eye strain22.   

Energy Savings 

Daylighting can save energy and reduce peak 
electricity demand if electric lights are turned off or 
dimmed when daylight is sufficient. For many school 
uses, electric lights are currently the largest energy 
consumer and daylighting can significantly reduce 
this energy use. However, daylighting saves no 
energy unless the electric lighting system is 
appropriately controlled. To be effective, daylighting 
must be thoughtfully designed to provided balanced 
illumination that avoids glare and overheating, and it 
must include dimming or switching of the electric 
lighting system. 

Better Quality Light 

Daylight is generally of high color temperature, high color rendering and rich in blue radiation.  Both 
good color identification and improved visibility are attributed to these factors. People generally describe 
daylighting as providing better visual clarity and color differentiation. 

Daylighting Principles 

The following six principles, described in more detail below, provide fundamental guidance in designing 
daylit spaces.  

 Prevent direct sunlight penetration into the space.  

 Provide gentle, uniform light throughout the space.  

 Avoid creating sources of glare.  

 Allow occupants to control the daylight with operable louvers or blinds.  

 Design the electric lighting system to complement the daylighting design, and encourage maximum 
energy savings through the use of lighting controls. 

 Plan the layout of interior spaces to take advantage of daylight conditions. 

                                                      
22  Heschong Mahone Group, 2003.  Windows and Offices. 

 

Figure 43—North Versus South Windows 

South windows are shaded from direct sun, but receive 
daylight reflected off of concrete walk and white painted 

overhangs. North windows are large and unshaded. 
Source:  Lisa Heschong. 
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Prevent Direct Sunlight Penetration 

One of the delights of daylight is that it changes in quality throughout the day and with each season. The 
daily and seasonal path of the sun is the prime determinant of sunlight availability, while the presence of 
clouds and moisture in the air affect the quality and intensity of light from the sky. It is essential that 
designers understand the basic principles of solar orientation, climate conditions, and shading systems 
to design successful daylit buildings.  

Direct beam sunlight is an extremely strong source of 
light, providing up to 10,000 footcandles of illumination. 
It is so bright, and so hot, that it can create great visual 
and thermal discomfort. Daylight, on the other hand, 
which comes from the blue sky, from clouds, or from 
diffused or reflected sunlight, is much more gentle and 
can efficiently provide excellent illumination without the 
negative impacts of direct sunlight. Good daylighting 
design typically relies on maximizing the use of gentle, 
diffuse daylight, and minimizing the penetration of direct 
beam sunlight. In general, sunlight should only be 
allowed to enter a space in small quantities, as dappled 
light, and only in areas where people are not required to 
do work.  

The best daylighting designs are initiated early in the 
design process of new buildings. The first step in good 
daylighting design is the thoughtful orientation of the buildings on the site and orientation and size of the 
fenestration openings. A carefully oriented building will allow maximum daylight while minimizing 
unwanted solar gains. It is easiest to provide excellent daylight conditions using north-facing windows, 
since the sun only strikes a north-facing window in early morning and late evening during midsummer. 
South-facing windows are the next best option because the high angle of the south sun can be easily 
shaded with a horizontal overhang. East- and west-facing windows are more problematic because when 
the sun is low in the sky, overhangs or other fixed shading devices are of limited utility. Any window 
orientation more than 15° off of true north or south requires careful assessment to avoid unwanted sun 
penetration. However, in extreme northern latitudes, care must be taken in the design of south facing 
windows because of the low altitude of the sun during the winter.  

Windows that are placed high in the wall will distribute daylight best in the space; windows lower in the 
wall provide less useable daylight, but allow views to the exterior. Good daylighting design uses a 
balance of high daylighting windows and lower view windows in an integrated approach. The Advanced 
Buildings Web site has more information on specific daylighting strategies at www.poweryourdesign.org. 

For sidelighting, carefully designed shading devices both inside and outside the building can limit direct 
sun penetration while allowing diffuse daylight. For toplighting, avoid direct sun by using glazing that 
diffuses the sunlight, or by reflecting it off baffles, louvers, or light well walls.  

 

Figure 44—Deeply Coffered Ceiling 

Deeply coffered ceiling helps to diffuse light from four 
skylights. There are no electric lights on in this photo. 

Source: SunOptics 
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Provide Gentle, Uniform Illumination 

Daylight is most successful when it provides gentle, even illumination throughout a space. Evenly 
diffused daylight will provide the most energy savings and the best visual quality. Achieving this 
balanced diffuse daylight throughout a space is one of the greatest achievements of a good daylight 
designer.  

It is easiest to achieve uniform daylight illumination from toplighting strategies that distribute light evenly 
across a large area. The high windows distribute useable daylight deeper in the room and should be 
continuous or spaced evenly across the working area. The lower, view windows don’t need to coincide 
with the full length of the higher daylighting windows, but may be selectively located to provide good 
views for all occupants. Combinations of sidelighting with toplighting can also be successful in providing 
uniform illumination levels. The most challenging condition is a room with windows on only one side. 
There, daylight illumination levels will be very high right next to the window and drop off quickly. Various 
strategies to distribute light deeper into the space (e.g., light shelves) are available but require more 
design skill and construction cost.  

Daylight can most easily be used to provide a base level of illumination throughout a space, referred to 
as the ambient illumination, which is often on the order of 20–80 footcandles. Individual work areas can 
then be highlighted with electric task lights to bring the illumination levels in specific areas to higher task 
level requirements, such as 50 or 75 footcandles. Alternatively, if the daylighting fenestration area is 
increased to provide the higher task illumination for most of the day, the electric lighting energy savings 
will be maximized while heating and cooling costs may increase. The best daylighting designs balance 
these energy costs with the desired lighting quality.  

The arrangement of diffuse high reflectance surfaces that help to distribute the light are just as important 
as the arrangement of daylight openings for providing gentle, uniform illumination. Whenever possible, 
place daylight apertures next to a sloped or perpendicular surface so the daylight washes either a ceiling 
or a wall plane and is reflected deeper into the space. It is essential to recognize that walls and ceilings 
are part of the daylighting design. For greatest efficiency and visual comfort, they should have a white or 
a very light finish. Even pastel-colored paint may have a reflectance of only 50%, correspondingly 
reducing daylight levels. Saturated colors should be used only in small areas, for accents or special 
effects. 

Advanced daylighting designs take advantage of additional exterior and interior reflecting surfaces to 
shape the distribution of daylight in the space. Light-colored walkways and overhangs can help reflect 
daylight. Light shelves can be used to project daylight deeper in the space, or a series of reflective or 
refractive surfaces built into the glazing itself can redirect sunlight onto the space’s ceiling. These 
approaches are integral to the architecture of the building and should be designed differently for each 
cardinal orientation. For example, daylight buildings may have light shelves on the south side of the 
building, but none on the north. In this way, the design is “fine tuned” to optimize the daylight delivery for 
each orientation. 
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Avoid Glare 

Glare is excessively high contrast. Direct glare is the presence of a 
bright surface relative to the surroundings (for example, a bright 
diffusing glazing or direct view of the sun) in the field of view that 
causes discomfort or loss in visual performance. Glare can have 
negative effects on occupant performance. A recent study in school 
buildings showed that skylights admitting direct sun (and presumably 
glare) into classrooms correlated with a decrease in student 
performance on standardized tests23. Eliminate glare by obscuring the 
view of bright sources and surfaces with blinds, louvers, overhangs, 
reflectors, and similar automatic or manually operated devices. 

Placing daylight apertures next to reflective surfaces reduces glare in 
addition to distributing the daylight more evenly. It brightens interior 
surfaces to reduce their contrast with the bright glazing surface. If 
washing a wall with daylight is not possible, some glare reduction can 
be achieved by splaying window reveals and skylight wells. Blinds or 
drapes can also reduce contrast by controlling the amount of 
brightness at the windows, and diffusing the light. Punched windows 
(simple holes in the middle of a wall) represent the worst scenario for 
glare and are not recommended for effective daylighting.  

Glare can also occur when daylight strikes a reflective surface, like a 
computer screen or a whiteboard, and produces shiny reflections that 
make it difficult or impossible to see. These “veiling reflections” can 
be caused by either daylight or electric lighting. You can predict when 
these reflections will be a problem by placing an imaginary (or real) 
mirror on the screen or whiteboard and seeing if any bright light sources or surfaces are visible in the 
mirror. If they are visible, reorient the screen/whiteboard or redesign the apertures to eliminate their 
reflection in the surface.  

When video display terminals are located in daylit spaces, the designer must take great care to minimize 
reflections on the screen. This problem is especially acute when the computer screen is oriented so that 
the screen is facing the daylighting aperture (that is, the user’s back is to the window or skylight). Under 
these conditions, reflected glare may completely wash out the screen, making work impossible without 
completely closing window blinds or drapes. If the screen is located so that the screen viewing 
orientation is parallel to or 45° to the windows, reflected glare poses less of a problem and, if present, 
can usually be reduced by using polarizing filters or meshes attached directly to the screen. Flat screen 

                                                      
23  Heschong Mahone Group, “Daylighting in Schools—An Investigation into the Relationship between Daylighting and Human 

Performance,” prepared for Pacific Gas & Electric Company and funded by California utility customers, 1999. Heschong Mahone 
Group and New Buildings Institute, “Re-Analysis Summary: Daylighting in Schools, Additional Analysis.” February 2002. 

 

Figure 45—Veiling glare from 
Windows or Light Fixtures on 

Whiteboard 

Glare from windows or light fixtures 
reflecting off of shiny surfaces, 
such as computer screens or 

whiteboards, can reduce worker 
performance. Source: Lisa 

Heschong 
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monitors have fewer glare problems. LCD (liquid crystal display) screens are the best since they are flat 
and more energy efficient than cathode ray tubes (CRT).  

Control the Daylight 

Daylight is highly variable throughout the day and the year, requiring careful design to provide adequate 
illumination for the maximum number of hours while contributing the least amount possible to the cooling 
load. The ideal daylighting design would have variable apertures or variable transmission glazing that 
respond to changes in the availability of daylight. The apertures would become smaller or less bright 
when daylighting is abundant and larger or more bright on cloudy days or at times when daylight is less 
available.  

The principal means of control is through the use of shades or blinds located inside or outside the 
window. Exterior shading is the most energy efficient, since it intercepts the solar gain before it enters 
the building. Use horizontal overhangs to shade vertical windows facing within 25o of due south. East- 
and west-facing windows are more difficult to shade and may need a combination of vertical and 
horizontal shading elements or landscaping or both. Interior shades or blinds can then eliminate any 
remaining direct sun or glare.  

Occupants should have easy access to 
controls for these shades or blinds to 
adjust light levels as needed 
throughout the day. These systems 
should be reliable, as well as easy and 
economical to clean and repair. 
Manually operated controls are slightly 
less convenient but are usually less 
expensive to purchase and repair. 
Locating blinds between two panes of 
glass reduces abuse and dirt 
collection, extending their life and 
allowing easy access to cleaning the 
glass. White, non-shiny, blinds provide 
the best light distribution and least 
visual intrusion. Avoid the use of 
moveable exterior shades; they are 
exposed to weather conditions that 
may degrade their performance. 
Ensure that fixed exterior shading 
devices are sloped slightly so they 
drain water.  

If shading devices cannot be provided 
to eliminate glare from low view windows, then use a lower 

 

Figure 46—Veiling Glare from 
Luminaires on Computer 

Screen 

Careful lighting and daylighting 
design avoids these problems. 

Source: Lisa Heschong 

 

Figure 47—Horizontal Blinds 
Allow Control of Brightness 
from Lower View Windows 

High clerestory windows have no 
blinds so that daylight can reach 
deep into a room. Most rooms do 

not need complete black out 
capability with modern video 

equipment. Source: Barbara Erwine 
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transmission glazing, adjusted for the window 
orientation (about 40% transmission for south windows, 
30% for east or west facing windows and 60-85% for 
north windows). In general, visible transmission for view 
glazing should not be reduced below 30% in clear sky 
climates or below 50% in heavily overcast climates. If 
tinted glazing is used, evaluate its effect on distortion of 
colors (for example, the graying of greens and blues in 
the landscape) in both overcast & clear skies.  

Integrate with Electric Lighting Design 

The daylight and the electric light systems must be 
designed together so they complement each other to 
create high quality lighting and produce energy savings. 
This requires an understanding of how both systems 
deliver light to the space. The Design and Analysis 
Tools section later in this chapter discusses tools to help 
visualize the overall light distribution in the space.  

Daylight is a “bluer” light source than most electric 
lighting. Fluorescent lights that are designed to match the color of incandescent light will appear yellow 
in comparison with daylight. The correlated color temperature (expressed in degrees Kelvin) of a light 
source is a number that describes its relative blueness (higher Kelvin) or yellowness (lower Kelvin). 
When designing electric lighting to work with the daylight in a space, most designers choose fluorescent 
lamps in the bluer range, with a color temperature of 3500 K—4100 K or even higher. Other 
considerations, including ambience of the space, energy efficiency (lumens per watt) and ability to 
clearly see the visual tasks, may also affect the choice of color temperature.  

Daylighting is also more thermally efficient than electric lighting, which means that for the same amount 
of light, daylight contributes less heat to the space. . Since electric lighting is a major contributor to the 
cooling needs in buildings, substituting daylight for electric lighting can reduce cooling costs as well as 
lighting costs, as long as illumination levels are not significantly increased. However, energy savings will 
only be achieved if the electric lights are turned off or dimmed in response to the daylight and if direct 
beam sunlight is controlled. 

The electric lighting should be , circuited, and controlled to coincide with the patterns of daylight in the 
space, so that the lights can be turned off in areas where daylight is abundant and left on where it is 
deficient. Controls can either be manual or automatic. Automatic controls use a small photosensor that 
monitors daylight levels and controls the electric lighting accordingly. Manual controls are substantially 
less expensive, but they need to be convenient and well labeled to ensure their use. Automatic controls 
assure savings, but they are more expensive and must have overrides so the occupants can darken the 
room for audio/visual use or when they just don’t want the lights on.  

 

Figure 48—Sidelighting in Library 

Library receives daylight from two sidelighting 
strategies: 1) view windows at perimeter, and 2) high 
clerestories that bring daylight into the center of the 

space.  
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Plan the Layout of Interior Spaces  

Successful daylighting designs must include careful consideration of interior space planning. Since 
daylighting illuminance can vary considerably within the space, especially with sidelighting, it is important 
to locate work areas where appropriate daylighting exists. Perhaps more importantly, special visual 
tasks should be located to reduce the probability of discomfort or disabling glare. In general, work areas 
should be oriented so that daylighting is available from the side or from above. Facing a window may 
introduce direct glare into the visual field, while facing away from a window may produce shadows or 
reflected glare from monitors. 
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ELECTRIC LIGHTING PRIMER 
Electric Light Sources 

A wide variety of electric light sources are available for use in schools, although the full-length 
fluorescent tube is the workhorse to be used in the majority of applications. Light source selection 
critically affects building space appearance, visual performance, and comfort. This section outlines the 
different types of sources available to the designer. Refer to the Advanced Lighting Guidelines for more 
detailed guidance in selecting lamp types as well as appropriate luminaires 
(www.newbuildings.org/lighting.htm). 

Incandescent and Halogen Lamps 

Incandescent lamps represent the oldest of electric lighting technologies. Advantages of incandescent 
technology include point source control, high color performance, instant starting, and easy and 
inexpensive dimming. Disadvantages range from low efficacy and short lamp life to high labor 
maintenance costs. 

Incandescent sources should not be used in most new commercial/industrial buildings except for very 
limited and special accent lighting. Examples might include dimming applications where color 
performance, beam control, and/or dramatic effect is critical, such as teleconferencing rooms, theaters, 
and the highlighting of artwork. In most of these cases, halogen sources, which offer longer life, better 
point source control, and crisper color performance, are superior to standard incandescent lamps. The 
most efficient halogen technology is infrared reflecting, which should be used whenever possible.  

Fluorescent Lamps 

Fluorescent lamps should be used for almost all lighting 
applications where a diffuse light source is acceptable and 
the size of luminaire is not a critical concern. They offer 
long life, high efficacy, good color, and low operating and 
maintenance costs. Dimming requires special ballasts that 
cost more, but the technology is mature and reliable. 
Several different types of fluorescent lamps are worth 
noting, as described in Table 15.  

Figure 49—T-12 Fluorescent Lamps Next 
to Small Diameter T-5 Lamps 

Courtesy: CHPS BPM 

http://www.newbuildings.org/lighting.htm
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Table 15—Summary of Fluorescent Lamp Technology 
Type of Lamp Advantages/Disadvantages Applications 
T-12 Antiquated technology. Relatively low efficacy. Supplanted by newer 

technologies such as T-8 and T-5. 
Should not be used in new construction. 

Standard T-8 
(7xx color) 

Smaller diameter standard lamps now in general use throughout the 
world. Offer 10%–20% higher energy efficiency than T-12 lamps and 
other performance improvements when used with electronic ballasts. 
Low-cost lamps and ballasts. 

Most general lighting applications in 
buildings, including classrooms, offices, 
multipurpose rooms, libraries, and retail. 

High 
Performance 
T-8 

High Performance T-8 lamps offer better color rendition, 20%–30% 
higher maintained lumens, and a potentially large increase in lamp 
life over standard T-8s. Energy efficiency can be 10%–30% greater 
than standard T-8 lamps and standard electronic ballasts depending 
on brand and type. 

Same. 

T-5 T-5 luminaires should be well shielded to minimize glare. These 
lamps are more expensive than the T-8 lamp and ballast system, but 
offer better optical performance. 

Smaller profile luminaires. Especially 
effective in indirect luminaires, cove 
lighting systems, and wall washers. 

High 
Performance 
T-5 

Similar to the High Performance T-8.   Combines the optical 
advantages of T-5 with the technology improvements of the High 
Performance T-8.   

Same 

T-5 High Output 
(T-5HO) 

Light generation per unit length is the highest. Very good energy 
efficiency, long lamp life, and high optical efficiency, but less efficient 
than T-8 and T-5. Currently more expensive than T-8 lamp and 
ballast system.  

Smaller profile suspended luminaires for 
offices and classrooms. Also, for “high 
bay” applications such as gyms, 
manufacturing facilities, or warehouses. 

Note: A number of lamp/ballast options are available that perform somewhere between the standard product and the high 
performance product. These are sometimes referred to a premium lamp.  

For most lighting application, the best choices are T-8 premium and high performance lamps, T-5 and 
high performance T-5, and T-5HO lamps. The added energy efficiency and longer life of the premium 
and high performance lamps more than pay for the initial cost difference in a very short period of time. 
Note that T-8 lamps are electrically interchangeable, so substitutions will result in a change in light level 
but no change in connected power or anticipated energy savings.  

“Energy Saving” Lamps 

All three major lamp manufacturers offer lower wattage versions of the T-8 lamp.  At present one lamp 
company offers a 25 watt lamp and the other two offer 28 watt lamps; the 30 watt is common to all. 
These so-called “energy saving” lamps are not more efficacious, but can be used to reduce socket 
wattage in some existing T-8 applications, at the expense of fewer lumens and lower light levels.   

While these products will save a little energy, there are several important drawbacks including: 

 Slightly lower system efficacy (less lumens per watt). 

 Increased temperature sensitivity and noticeable warm up time. 

 Lamps are not dimmable. 

For new construction, designers are encouraged to consider one of the many types of standard, 32 watt 
T-8 lamps, especially the latest high performance lamps, and then use ballast factor, rather than low 
wattage lamps, to achieve the intended lighting power. This will allow replacement lamps to be more 
universal, and results in stocking of one lamp when there are both dimming and non dimming 
applications.  Use the low wattage lamps in retrofit situations when spaces are over illuminated.  
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Fluorescent Ballasts 

All fluorescent lamps require a ballast, which is an electric device that starts and regulates power to the 
lamp. Electronic high frequency ballasts are now standard equipment for most fluorescent sources. In 
addition to their efficiency advantages, electronic ballasts have minimal flicker and ambient noise, and 
are available in a variety of ballast factor configurations, allowing the designer to “tune” light levels based 
on the ballast specification.  

There are four different fluorescent ballast types: 

 Instant start ballasts, which have high energy efficiency but may reduce lamp life. A standard T-8 
lamp operated for three hours per start on an instant start ballast will last about 15,000 hours, and 
even longer if the burn cycle is significantly longer. However, if the lamp is operated a short time per 
start (such as when controlled by a motion sensor), lamp life can drop to less than 5,000 operating 
hours. Choose instant start ballasts for locations with long light operation cycles. See program start 
ballasts below for frequent starting applications. 

 Rapid start ballasts, which are increasingly rare because they are less energy efficient and offer no 
significant lamp life advantages. 

 Program start ballasts, which are both energy efficient and significantly reduce the effect of controls 
and operating cycle. A standard T-8 lamp operated on a program start ballast will last 24,000 hours 
at 3 hours per start, and premium or “high performance” lamps are rated as long as 30,000 hours at 
3 hours per start. Equally important, a “high performance” lamp operated on a motion sensor will still 
last more than 20,000 hours. Note that most T-5 ballasts are program start, to preserve their 
20,000-hour rating.  

 Dimming ballasts for fluorescent lamps require an additional investment, but increase lighting 
system performance by optimizing space appearance, occupant satisfaction, system flexibility, and 
energy efficiency. Dimming fluorescent ballasts should be considered in all cases requiring 
maximum energy performance and light level flexibility.  

The “ballast factor” describes the percentage of rated lamp lumens generated and is related to the 
power used. By selecting an appropriate ballast factor, it is possible to tune lighting systems to the 
desired light output, especially with T-8 lighting systems.  

 The standard or “normal light output” (NLO) system produces 87% of the rated light output of the 
lamp. This is the most common ballast system and it is normally furnished unless otherwise 
requested. 
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 Use reduced light output (RLO) electronic ballasts 
produce approximately 75% of rated light output and use 
12%–20% less power than standard NLO ballasts. These 
may be in used where slightly lower lamp lumens will 
provide adequate light output. Applicable spaces might 
include corridors, rest rooms, and storage areas. Some 
RLO ballasts can be matched with high performance T-8 
lamps to produce normal light output with very low power 
draw. In this case, applications include offices, 
classrooms, and industrial spaces. 

 High light output (HLO) electronic ballasts produces 
115%–120% of the lamp’s rated light output with a 15%–
20% increase in power. Lamp life is unaffected. Designs 
can sometimes employ two lamps and an HLO ballast 
rather than three lamps and an NLO or RLO ballast, permitting the use of a smaller luminaire or 
simply fewer lamps.  

Recently, the industry introduced “efficient” electronic ballasts for T-8 lamps.  These ballasts provide the 
same light output with about 10%–12% less power, and should be used in all new designs as the cost 
difference with respect to ordinary electronic ballasts is trivial.  Efficient electronic ballasts are available 
in both instant start and program start types.  When coupled with high performance T-8 lamps, the 
combination can use 32% less energy than a standard T-8 system while providing the same light output. 

 

 

Figure 50—Electronic Ballast with 
Lamps  

Source: OSRAM Sylvania 
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Table 16—Fluorescent Lamp/Ballast Power and Light Level  
(Based on mean lamp lumens) using generic T-8 lamp and ballast as the reference. For the numbers in parentheses following the 
lamp name, the first digit represents the CRI and the final two digits indicate the color temperature. 

Ballast Lamp/Ballast System 

Lamps Type of Ballast 
Relative 

Light 
Relative 
Power 

Ballast 
Factor

Lumen
s LLD 

Input 
Power MLPW 

Relative
Light 

Relative 
Power 

Relative 
Efficacy

NLO instant 
start 100% 100% 0.88 2800 0.9 59 75.2 100% 100% 100% 

RLO instant 
start 89% 87% 0.78 2800 0.9 54 72.8 89% 92% 97% 

Standard T-8 (735) 
Lowest cost standard 
lamps  

HLO instant 
start 135% 134% 1.15 2800 0.9 78 74.3 131% 132% 99% 

Efficient NLO 
instant start 109% 100% 0.88 3150 0.95 53 99.4 119% 90% 132% 

Efficient RLO 
instant start 94% 87% 0.78 3150 0.95 48 97.3 105% 81% 129% 

Efficient HLO 
instant start 150% 134% 1.15 3150 0.95 70 98.3 155% 119% 131% 

Efficient NLO 
program start 89% 81% 0.88 3150 0.95 55 95.8 119% 93% 127% 

High performance** 
T-8 (835) 
High lumen, special 
phosphor high CRI 
lamps with barrier 
coat for improved 
lumen maintenance  

Efficient RLO 
program start 89% 81% 0.78 3150 0.95 50 93.4 105% 85% 124% 

T-5 (835) Program start 104% (115% 
@ 35 C) 110% 1.00 2700 0.95 58 88.4 116% 98% 118% 

High Performance T-5 
(835) Program start 109% (121% 

@ 35 C) 110% 1.00 3050 0.95 58 99.9 124% 103% 124% 

T-5HO (835) Program start 179% (199% 
@ 35 C) 203% 1.00 4600 0.9 114 72.6 187% 193% 97% 

* Lamps rated 2,950 initial lumens and high lumen maintenance 

** Lamps rated 3,100 initial lumens and high lumen maintenance 

This table derived from current manufacturers data, which manufacturers update from time to time. 

Compact Fluorescent Lamps 

Compact fluorescent lamps (CFLs) can be used in many applications that traditionally have employed 
incandescent sources. CFLs offer excellent color rendition, rapid starting, and dimmability. A large 
palette of different lamp configurations enhances design flexibility. Principal advantages of CFLs over 
incandescent sources include higher efficacy and longer lamp life. They can be dimmed, though 
dimming CFL ballasts are expensive. In colder outdoor environments, CFLs can be slow to start and to 
come to full light output.  

Use CFL lamps extensively in task and accent lighting applications, including wall washing, 
supplementary lighting for visual tasks requiring additional task illumination above ambient levels, and 
portable task lighting in computer environments. They are also valuable for medium-to-low level general 
illumination in spaces such as lobbies, corridors, restrooms, storage rooms, and closets. In moderate 
climates they are quite suitable for outdoor corridors, step lighting, and lighting over doorways. High 
wattage twin-tube CFLs can be used for general space illumination in recessed lay-in troffers (see 
Luminaires section below), as well as in more decorative direct/indirect luminaires for office lobbies, 
libraries, and other spaces.  
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Temperature Considerations for Fluorescent Lamps 

All fluorescent lamps exhibit sensitivity to temperature, both for the amount of light they produce and for 
the starting capability of some lamp-ballast combinations. Many common linear and compact fluorescent 
lamps have their maximum and rated output at 25°C (77°F), and their output and efficacy can decrease 
significantly as their ambient temperature changes. For example, the light output may decrease by 10% 
when the temperature is 10°C too high or too low, and continue to decrease if the temperature deviates 
even more. Key sources of temperature change are enclosed luminaires that raise temperature and cold 
operation, such as outdoors or unconditioned buildings in winter, which can lower temperature. 

The first consideration for fluorescent lamps in cold temperature is that the ballast will reliably start the 
lamp at the expected lowest temperature. Check the ballast manufacturer specifications for details, since 
some lamp-ballast combinations may prove difficult, even indoors. 

Some lamp types were designed to compensate for temperature effects. While recessed luminaires can 
raise the temperature of CFLs so high that light output is disappointing, a few CFLs use a mercury alloy 
(amalgam) that dramatically decreases both the high and low temperature sensitivity of the lamp. Other 
lamps, such as F28T-5 and F54T-5HO have their maximum light output at 35°C, allowing them to cope 
with elevated temperatures inside compact luminaires. T-12HO and T-8HO lamps produce their 
maximum light output at a lower temperature to permit more light at lower temperatures typical outdoors. 
But even standard energy efficient fluorescent lamps, like T-8s, can give reasonable performance 
outdoors in mild climates that have only a few days with temperatures below freezing. Also, good 
luminaire design can optimize lamp temperature and light output even if the temperature would be too 
low for a bare lamp. 

High Intensity Discharge (HID) Lamps 

HID lamps provide the highest light output of any 
commercially available light source and come in a wide 
variety of lamp types and sizes. In addition, they offer 
medium-to-high efficacy and relatively long lamp life. The 
principal disadvantage to HID sources is that they start 
slowly and take time to warm up before coming to full 
brilliance, especially when they are warm from recent 
operation. It is also difficult to multiple light levels without 
expensive hi-low switching or dimming systems. As a result, 
these lamps may not work well in daylit interior spaces or 
other areas where lights may be turned on and off more than 
once or twice daily.  

There are four principal types of HID lamps, although only 
the metal halide lamp is recommended in indoor applications: 

 Mercury vapor lamps.  Low efficacy lamps that produce unflattering greenish-purple light. Obsolete 
technology not to be considered. 

 

Figure 51—High Intensity Discharge 
Lamps Courtesy: Energy Star 
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 Metal halide lamps.  White light sources of good to very good efficacy and long life.  Important 
improvements will be discussed later as these are the type most recommended for HID lighting in 
schools. 

 High pressure sodium lamps.  Golden-pinkish lights with very good efficacy and very long life.  The 
color rendering is so poor, however, that these lamps should be relegated to security lighting and 
other applications not involving significant human activity. 

 Low pressure sodium lamps.  Pure yellow lights with high efficacy and long life.  Unacceptable 
monochromatic light sources. 

Metal halide lamps offer many choices.  The original metal halide lamps, called “probe start,” should be 
avoided as their performance is relatively poor compared to “pulse start (PS)” lamps and ballasts. There 
is no cost premium for the “pulse start” technology, and lamps operate longer, with higher light output 
and better lumen maintenance. The only limiting factor is position sensitivity—in certain luminaires 
requiring horizontal lamps, not all wattages are available. 

The “ceramic metal halide” is a relatively new type of metal halide that is, in many ways, a cross 
between high pressure sodium and traditional metal halide.  Manufacturers are investing to improve the 
ceramic metal halide lamp, and as a result, they have relatively long life, excellent color rendering, good 
lumen maintenance, and are available in many compact bulb shapes.  Ceramic metal halide lamps 
should generally be used for all applications that require 150 watts and less, and should be considered 
for 250 and 400 watt lamps as well.   

Electronic ballasts are readily available and recommended for metal halide lamps up to 150 watts due to 
their superior energy efficiency and improvements in lamp life and lumen maintenance.  Above 150 
watts, electronic ballasts are just becoming available and their cost may prove to be an impediment.  But 
like the lower wattage lamps, high wattage metal halide lamps still benefit from electronic ballasts and 
deserve consideration in applications with extended hours of lighting operation, such as in an athletic 
center with 12 month, 16 hour per day operations. 

Light Emitting Diodes (LEDs) 

LEDs are semiconductor devices that generate an intensely directional, monochromatic light. Because 
selection is mainly limited to red, blue, or green products at this time, use of LED as a light source is 
generally limited to exit and other signs or for dynamic colored effects (i.e., sconces, wall washing, step 
lights). However, current research is directed toward producing a commercially viable white LED source. 

LEDs are highly recommended for use in colored, internally illuminated signs and exit signs. They offer 
high efficacy and very low maintenance costs when compared with comparable incandescent or 
fluorescent products. They are available for most of the popular exit sign configurations. The principal 
advantage of LEDs over other sources is their extremely long life and lowe power (a two-sided LED exit 
sign can usually be illuminated with less than 5 Watts). 
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Energy-Efficient Choices 

The efficacy of lamp ballast systems is measured in mean lumens of light output divided by Watts of 
electric power input. The input Watts includes both the lamp and the ballast. In general, it is best to use 
the system with the highest possible efficacy that is suited for the project. All electric lamps emit less 
light as they age, called lumen depreciation. Significant improvements in certain lamps make lumen 
depreciation a very important consideration. Lamps are now rated in mean lumens per Watt (MLPW), 
which better represents the efficacy of the lamp over its life. 

Figure 50 and Table 17 gives the MLPW for a variety of lamp/ballast systems and may be used to select 
light sources. For instance, “high performance” T-8 lamps are the best overall choice for most 
applications, and you can use 835 (neutral color), 830 (warm color) or 841 lamps (cool color) and get the 
same efficacy.  

0 20 40 60 80 100 120

High Performance T-8

High Performance T-5

Standard T-5

Standard T-5HO

Standard T-8

Standard T-12 (mag)

57 w att compact f luorescent

32 w att compact f luorescent

13 w att compact f luorescent

150 w att ceramic metal halide T7DE

150 w att ceramic metal halide T6

350 w att pulse start metal halide (mag)

100 w att standard metal halide (mag)

175 w att standard metal halide (mag)

Halogen IR (500 w att)

Halogen IR (60 w att)

White LED 5500K

White LED 2850K

Mean Lumens Per Watt
 

Figure 52—System Efficacy of Common Lamp Ballast Systems 

Note:  These data are calculated from manufacturers’ literature.  Values may vary due to different ratings by different companies 
for similar products. 
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Table 17—Lamp Application Guidelines 
MLPW* Lamp Type CRI Ballast Good Applications Limitations 
99 T-8 “high performance” 

lamps (F32T-8/835; 
3100+ initial lumens) 

86 Electronic 
instant 
start (IS) 

General lighting. The most energy 
efficient lighting and longest life system 
available for most uses. 

Use carefully for outside 
applications. 

88 T-8 premium 4 ft lamps 
(F32T-8/835) 

85 Electronic 
IS 

General lighting. Dims with dimming 
ballast. 

Use carefully for outside 
applications. 

93 T-8 premium 8’ lamps 
(F96T-8/835) 

85 Electronic 
IS 

General commercial and institutional 
lighting. Not dimmable. 

8’ long lamps generally best in 
large spaces; 4 ft lamp systems 
cost less. 

80 Metal halide pulse start 
lamps, M141 (1000 watt 
class) 

65 Magnetic 
CWA 

Very high bay spaces above 30; sports 
arenas, stadiums’. 

Very long warm up and restrike 
times prevent rapid switching. 

76 Standard T-8 generic 
lamps (F32T-8/735) 

75 Electronic 
IS 

General commercial lighting. Dims with 
dimming ballast. 

Use carefully for outside 
applications; CRI lower than other 
T-8 lamps. 

72 T-8 premium “U”-bent 
lamps 
(F32T-8/U/835) 

85 Electronic 
IS 

Recessed commercial lighting. Dims with 
dimming ballast. 

More expensive than straight 
lamps; consider 2 24" lamps 
instead. Watch lumen reduction. 

63 Metal halide lamps, 
pulse start, 350 watt  

65 Magnetic 
CWA  

General high bay lighting for gyms, 
stores, and other applications to about 
30’; parking lots. 

Long warm up and restrike times 
prevent rapid switching. 

97 @ 
35°C 

T-5 high performance 4 
ft lamps 

86 Electronic 
PS 

General lighting. See High Performance T-8 
Lamps should be operated at 35° C 
to achieve best performance 

92 @ 
35°C 
 

T-5 standard 4 ft lamps 
(F28T-5/835) 

85 Electronic 
program 
start (PS) 

General and specialty lighting such as 
valences, undercabinet, coves, and 
wallwash.  

See Premium T-5. Lamps should 
be operated at 35° C to achieve 
best performance 

76 T-5 twin tube (“biax”) 
40-50 watt 
(FT40T-5/835) 

82 Electronic 
IS 

General commercial and institutional 
lighting; track mounted wallwash and 
display lighting. Dimming possible. 

More expensive than straight 
lamps; can be too bright in open 
fixtures; rated life may be short. 

70 T-8 2’ lamps 
(F17T-8/835) 

85 Electronic 
IS 

General commercial lighting. Dims with 
dimming ballast. 

Use carefully for outside 
applications. 

80 @ 
35°C 
 

T-5HO high output 4 ft 
lamps 
(F54T-5/835) 

85 Electronic 
PS 

Indirect office lighting; high ceiling 
industrial lighting and specialty 
applications such as coves and wallwash. 
Gyms. Dimmable. 

Very bright lamps should not be 
viewed directly unless mounted 
very high. Lamps should be 
operated at 35° C to achieve best 
performance 

54 Metal halide lamps, 
pulse start, M137 (175 
watt) 

65 Magnetic 
CWA 

Parking lots, roadway and other outdoor 
lighting lighting. 

Very long warm up and restrike 
times prevent rapid switching or 
dimming. 

66-72 Metal halide lamps, 
ceramic pulse start,  
M142 (150 watt class)  
ED17 or compact T6 or 
T7 

85 Electronic  Recessed, display, direct and indirect, 
general indoor and outdoor lighting. Good 
optically for spotlighting. 

More expensive than fluorescent; 
long warm up and restrike times 
prevent rapid switching. 

60 Metal halide lamps,  
ceramic pulse start, T-6 
(39 watt)  

85 Electronic Recessed, display, direct and indirect, 
general indoor and outdoor lighting. Good 
optically for spotlighting. 

More expensive than fluorescent; 
long warm up and restrike times 
prevent rapid switching. 

50-65 Compact fluorescent 
13-70 watt  

82 Electronic 
 

Downlights, sconces, wallwashers, 
pendants and other compact lamp 
locations; can also be used outdoors in 
most climates.  

Efficacy is far better than 
incandescent for applications 
needing compact sources. 

30 Halogen infrared 
reflecting lamps in PAR-
30, PAR-38, MR16 and 
T-3 shapes 

100 None 
required 

Localized accent lighting and where full 
range, color consistent dimming is 
absolutely required such as fine 
restaurants, hotels, high end retail, etc 

Cost effective technology for 
accent and display lighting; use 
sparingly. 

*Mean lumens per watt vary per specific ballast and lamp manufacturer. Values given are optimum lamp-ballast combinations as of 
preparation date, and other combinations may be different. Manufacturers update lamp and ballast ratings from time to time. 
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Efficient Luminaires 

Luminaires (light fixtures) consist of lamps, lamp holders or sockets, ballasts or transformers (where 
applicable), reflectors to direct light into the task area, and/or shielding or diffusing media to reduce glare 
and distribute the light uniformly. An enormous variety of luminaire configurations exist. This section 
briefly outlines some of the more important types. See the Advanced Lighting Guidelines for more 
extensive details of luminaire types and considerations.  

Recessed Troffers 

Recessed luminaires represent a large segment of the overall luminaire market. There are two basic 
variations, lay-in troffers and downlights. The primary use of lay-in troffers is as a direct general light 
source. Downlights are relatively compact luminaires used for wall washing, accent lighting, 
supplemental general or task illumination, and for lower levels of ambient illumination. Presently, there 
are four principal variations of recessed troffers that are commonly considered for modern projects (See 
Figure 53). 

Suspended Luminaires 

Suspended semi-indirect or direct/indirect luminaires are the preferred luminaires for lighting typical 
classrooms, offices, administrative areas, library reading areas, and other spaces. Typically these 
luminaires use T-8, T-5, or T-5HO lamps, and mount in continuous row configurations. The advantage of 
suspended luminaires is increased brightness on the ceiling and upper walls. However, as a basic 
requirement, ceilings should be at least 9 ft. 6 in. Significant advances in suspended lighting provide 
designers with many choices of varying cost, including those described in Figure 54. 
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The latest development is the “lay-in coffer,” a combination of lens 
and reflector that uses the T-5 lamp.  The lay-in coffer produces 

general illumination of surprising visual comfort considering that the 
luminaire has a broad distribution with almost no shielding.  This 

luminaire has extremely high efficiency and can be used in very low 
ceiling applications. It produces good vertical surface illumination 
but it may create projection screen wash out and reflected glare 

from computer displays. 

 
The recessed “basket” (sometimes called “recessed indirect”) is a 

direct luminaire in which the lamps are shielded from view by a 
perforated metal basket that in more expensive versions may also 
contain a parabolic louver or other optical element.  Like the lay-in 
coffer, these luminaires produce good vertical surface illumination, 

but may also produce unwanted brightness with respect to 
computer monitors and projection screens.  Perhaps the most 

attractive troffers, but not as efficient as the lay-in coffer, above. 

 
The parabolic troffer has been a popular choice for 

schools and commercial buildings for over three 
decades.  The lamps are well shielded by the louvers, 
and the fixtures are relatively efficient and attractive. 
The downlight is controlled and parabolics generally 
work well near projection screens and computers, 

especially if dimmed.  However, they produce very poor 
vertical surface illumination. 

 
The recessed lens troffer is the least expensive energy 

efficient lighting system short of strip lights.  It offers 
high efficiency, good vertical surface lighting, and very 
low cost.  But as with other recessed systems, it will 

cause projection screen washout and computer screen 
glare.  Perhaps its biggest drawback is that the lens 
troffer fail to illuminate the ceiling and generally don’t 
do a good job of lighting the upper walls.  In general 

recessed troffers should NOT be used in used in 
classrooms unless conditions do not permit the use of 

suspended lighting systems.  However, consider 
troffers as a primary lighting system in many other 

areas of the school, including locker rooms, kitchens, 
industrial arts rooms, storage areas, and similar 

spaces.   

Figure 53—Recessed Luminaire Types 

Source: Acuity Brands Inc. 
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Basic indirect and semi indirect luminaires in sheet metal.  

Available in T-5, T-5HO and T-8 versions, these fixtures offer low 
cost lighting systems that look good, operate efficiently and 

permit flexible controls through alternating lamp row switching.  
Requires a flat, white ceiling. 

 
Direct/indirect lighting systems that are reminiscent of traditional 
school lighting, producing efficient lighting in spaces with less-
than-perfect ceilings.  The downward light component helps 

compensate for ceilings that are irregular and/or extremely high. 

 
For extremely low ceilings, a new generation of indirect and 

semi-indirect luminaires is now on the market.  State of the art 
fluorescent optical systems permit high efficient and wide throw 
uplight with suspension lengths of 6” or less.  A flat white ceiling 

is tantamount. 

 
Upgraded versions of basic indirect and semi- indirect 

luminaires introduce style and other features.  Still relatively 
low cost and generally of sheet metal construction, variations 

like this allow architectural expression. Also requires a flat, 
white ceiling.  Available in T-5, T-5HO or T-8 versions. 

 
Contemporary lighting systems available in indirect, semi 

indirect, direct-indirect or separately compartmented semi-
indirect and direct components (see PIER lighting systems, 
below).  Also available in a T-5, T-5HO and T-8 versions.  
This version illustrates a very thin and flat profile this is 

becoming increasing popular.  Depending on the version, this 
luminaire might be used with a variety of ceilings 

Figure 54—Suspended Luminaire Types 

Source: Finelite. Inc. 
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Suspended High Ceiling Luminaires 

Both fluorescent and HID suspended luminaires are commonly used for high spaces such as 
gymnasiums. HID luminaires can be classified as either high bay (>25-ft mounting height) or low bay, 
depending on the configuration. T-5HO, T-8 and compact fluorescent high bay luminaires are also 
available to light high ceiling spaces. Fluorescent versions employ up to eight lamps to approximate the 
light output of an HID luminaire, while allowing for additional control flexibility.   

Presently, the trend is toward T-5 and T-8 high bay lighting systems, which offer the highest efficacy, 
dimming or multiple level control, instant on/off switching, and superior color rendering.  Specific 
versions of fluorescent luminaires designed specifically for gyms are available; they are designed to 
handle physical abuse while addressing the thermal stratification of the space. 

Figure 55—Gym with fluorescent high bay T-5 luminaires.   

Photo: H. E. Williams 

Recessed Downlights 

Downlights, wallwashers and other common recessed luminaires are important in school design.  To 
meet the CHPS criteria, most recessed lighting employ compact fluorescent or HID lamps.  In very few 
instances where full range dimming is required or where a specific “social mood” is the design goal, 
halogen downlights might be considered. 

Keep in mind the advantages of compact fluorescent lamps when using recessed lighting in schools.  
Compact fluorescent lamps can be turned on and off without a restrike delay, and can be dimmed using 
a dimming ballast and suitable controls. With compact fluorescent lamps now rated up to 70 watts, most 
downlighting applications can be met using a compact fluorescent.  HID downlights should be limited to 
long operating hour locations, outdoor lighting, and for downlights in high ceilings. 
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Open cone compact 

fluorescent downlight with 
“turbo” louver and horizontal 

lamp 
Compact fluorescent 

wallwasher, rectangular 

Open compact fluorescent 
downlight, standard open 
cone with horizontal lamp 

Lensed rectangular 
compact fluorescent 

downlight 

Figure 56—Recessed Luminaire Types 

Photos Courtesy Lightolier 

Surface-and Pendant-Mounted Luminaires 

Surface- and pendant-mounted fluorescent, compact fluorescent, and HID luminaires are valuable for 
surface mounting situations, particularly when ceiling access is a problem.  Among the many types 
include sconces, wall brackets, vanity lights, and a number of special purpose luminaires.   

Quite a few of these luminaires are designed to be attractive and used in public or high finish areas like 
main lobbies, libraries, auditoriums and commons.  There is a wide range of choices from low wattage 
compact fluorescent sconces to large luminaires having up to eight 50-55 watt compact fluorescent 
lamps or even 400 watt metal halide lamps.  Consider these luminaires carefully, however—they tend to 
be more expensive than more typical school lighting.   

School designs sometimes require vandal resistant and high abuse construction.  Toilet rooms, locker 
rooms, and certain exterior locations Wall and ceiling luminaires specifically designed for these 
applications are readily available, and many of them are reasonably attractive as well.  

     

Figure 57—Decorative Compact Fluorescent Luminaires 

Source: Lightolier 
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Electric Lighting Controls 

Lighting controls are critical for minimizing lighting energy use and maximizing space functionality and 
user satisfaction. Control techniques range from simple to extremely sophisticated. Lighting control 
strategies are most successful when the occupants can easily understand their operating characteristics. 
Another critical factor is the proper commissioning of lighting control systems so that they operate 
according to design intent. Finally, regularly scheduled maintenance of control equipment will improve 
the long-term success of the system. Poorly designed, commissioned, or maintained automatic lighting 
controls can actually increase lighting energy use and cause user dissatisfaction. Also, avoid automatic 
controls in task-oriented spaces where users need personal controls. 

This section provides a brief overview of lighting control hardware. Also, see the Advanced Lighting 
Guidelines chapter eight for more extensive descriptions and applications. 

Switches 

Manual switches are the simplest form of user-accessible lighting control. Manual switches are 
especially valuable in daylit building spaces because they allow people to turn off electric lights when 
daylight is adequate. Manual switches should also be installed in spaces with occupancy sensors to 
increase the energy savings by allowing people to turn off the lights 
when they are not needed. 

Occupancy Sensors 

Occupancy sensors employ motion detectors to shut lights off in 
unoccupied spaces. The primary detection technology can be 
either passive infrared (PIR) or ultrasonic. Some sensors employ 
both passive infrared and either ultrasonic or microphonic 
detection. Mounting configurations include simple wall box sensors 
appropriate for small spaces such as private offices, and ceiling- or 
wall-mounted sensors that provide detection of areas up to 2,000 
ft2. 

Occupancy sensors are most effective in spaces that are 
intermittently occupied or where the lights are likely to be left on 
when unoccupied. The best applications include classrooms, private offices, restrooms, and storage 
areas. Wall box occupancy sensors for use in private offices should require a manual touch to turn the 
lights on. Automatic on sensors may result in lights being energized when they are not required, e.g. an 
assistant momentarily enters an office to drop off paperwork. 

Use occupancy sensors in combination with manual overrides whenever possible to maximize energy 
savings, space flexibility, and occupant satisfaction. Including manual off override in the control scheme 
allows the occupant to turn the lights off for video presentations or other situations requiring the lights to 
be off.  

 

Figure 58–Occupancy Sensor 
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Time Controls 

Time controls save energy by reducing lighting operation hours 
through use of a preprogrammed scheduling. Time control 
equipment ranges from simple devices designed to control a single 
electrical load to sophisticated systems that control several lighting 
zones.  

Time controls make sense in applications where the occupancy 
hours are predictable, and where occupancy sensor automatic 
control is either impractical or undesirable. Candidate building 
spaces include classrooms, offices, library stacks (local digital time switches), auditoriums, corridors, 
lobbies, and exteriors.  

Energy Management Systems (EMS) 

Typically an EMS controls lighting via a time clock. However, many building operators take advantage of 
the built-in EMS functions to monitor lighting usage on a space-by-space basis. EMS control of lighting 
systems may also allow building operators to shed non-essential lighting loads during peak demand 
periods.  

Manual Dimmers 

Next to standard wall switches, manual dimmers are the simplest of lighting control devices. Manual 
dimmers serve two important functions. First, dimming lights reduce lighting demand and energy usage. 
With incandescent and halogen sources, there is the additional benefit of extended lamp life. However, 
more importantly, dimmers allow people to tune the lights to optimum levels for visual performance and 
comfort.  

Photosensor Controls 

Photosensor control systems are used to control electric illumination levels in daylit spaces. A 
photosensor detects the daylight illumination level and sends a signal to a logic controller to switch off or 
dim the electric lights in response. In open-loop systems, the sensor is placed so that it “sees” a 
representative daylight level, such as looking up into a skylight or out a window. In a closed-loop system, 
the sensor is placed so that it “sees” both the daylight and electric illumination level combined. Closed-
loop systems tend to be more difficult to calibrate since they are partially responding to the light source 
that they are also controlling; however, they offer superior functionality when installed and commissioned 
properly. Different photosensors are designed to be used as open- or closed-loop systems, and should 
be selected specifically by their intended use and location. Compatibility between photosensor, logic 
controller, and ballasts should also be carefully reviewed. Finally, calibration is important and should be 
done after the space is painted and furnished with carpets, blinds, and furniture, so that illumination 
levels are as the occupants will experience them.  

 

Figure 59–Digital Time Switch 
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Occupant Education 

It is extremely helpful to educate the building occupants in how lighting controls work, so that they are 
less likely to be surprised or annoyed by their operation. A brief tutorial for occupants, a one-page 
explanation taped to the light switch, or best yet, some type of permanent explanation affixed to the wall 
will greatly aid in the acceptance and appropriate use of the controls.  
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GUIDELINE LG1: VIEW WINDOWS 
 

 

Recommendation 

Provide access to exterior views through view windows 
for all interior spaces where students or staff will be 
working for extended periods of time.  

Description 

A view window is vertical glazing at eye level, which 
provides a view to the outside. View area is generally 
considered the wall area between desk height 
(typically 2’6”) and door head height (typically 7’0”), 
although higher and lower windows can also contribute 
to view in large spaces.  

To be useful, a view window should provide at least a 
10° angle from the eye of the beholder located at any 
normal working station in a room.  A view window 
should be optimized for the visual comfort of the 
occupants, rather than for provision of daylight illumination. Useful daylight illumination is typically limited 
to a few feet from the window. Operable blinds, curtains or shades allow occupants to control window 
brightness for their visual preferences.   

Applicability 

View windows are essential in all routinely occupied spaces to give students, teachers and school staff a 
view to the outside.  Ample and interesting views have consistently been found to contribute to both 
better student performance and better office worker performance.24  Interesting views are generally 
considered to include some vegetation and/or human activity in the distance.  Young children, 

                                                      
24  See Daylighting Primer for more detail.  

 

Figure 60—View Windows at Cameron 
Library expand the space outward and connect the 

reading area with the natural landscape. Source: Lisa 

Heschong. 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast  Programming

Library North Coast  Schematic
Multi-Purpose / Cafeteria Central Valley  Design Dev.

Gym Mountains  Contract Docs.

Corridors Desert  Construction
Administration   Commissioning

Toilets   Operation

Other   
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especially, are still developing their visual capabilities, and benefit from having distant views to relax 
their eye focus. Distant views also reduce eye strain and fatigue among computer users.   

The recommendation for view windows is applicable to all climate regions and should be planned in the 
schematic design phase.  

Applicable Energy Codes 

The California Energy Efficiency Code specifies minimum performance of fenestration products and it 
limits window area to a maximum of 40% of the exterior wall area. Various credits are provided for fixed 
and movable shading in both the overall envelope approach and the performance approach.  

The 2005 standards prescriptive glazing requirements mandate double low-e glazing throughout the 
state. Specific prescriptive requirements change relative to glazing area, orientation, and climate zone, 
The performance approach provides more flexibility, with trade offs between more or less aggressive 
glazing performance and other energy features of the building.  

The code requires that at least half of the electric lighting power within the daylight area be separately 
circuited and switched.   

Integrated Design Implications 

Design Phase Criteria 

To function well, view windows must be at eye level, glare-free, oriented toward interesting views, and 
designed to reduce building energy loads. Other district concerns, such as reducing distractions for 
students and preventing damage from vandalism must be carefully addressed. A requirement for view 
windows should be identified in the initial building program; their location and design objectives should 
be determined in the earliest phases of schematic design.  

Site Planning 

North and/or south facing windows are easiest to control for sun penetration and glare. Plan the layout of 
the school to maximize north and south facing view windows and minimize east and west facing 
windows.  East facing windows have actually been found to be associated with reduced student 
performance25 most likely due to glare from the low early morning sun. West facing windows are less 
problematic for glare during typical school hours, but are difficult to shade on hot summer afternoons.  

                                                      
25   See Daylighting Primer for more details. 
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Site Landscaping 

Plan for shade trees and bushes outside of view windows to reduce sun penetration and reduce glare 
from sunlight bouncing off of adjacent buildings and paving.  Keep school walkways a few feet away 
from classroom view windows to reduce distractions and noise from children passing by outside.   

Mechanical Ventilation 

Operable view windows can be used to allow the opportunity to naturally ventilate the space and reduce 
mechanical ventilation needs during benign climate conditions. Evaluate prevailing wind conditions and 
local air quality to assess the feasibility. A statistical analysis of 650 schools by the Florida Solar Energy 
Center found a strong correlation between the presence of operable windows and a decrease in indoor 
air quality complaints.26 See also the guidelines on natural ventilation.  

HVAC 

View windows should be designed to minimize impacts on seasonal heating and cooling loads on the 
building. HVAC systems should have separately controlled zones for each window orientation. The 
analysis of Florida schools noted above also found that the presence of windows strongly correlated with 
an overall reduction in total building energy use.  

Thermal Comfort 

Window surfaces that are considerably warmer or colder than other room surfaces will be uncomfortable 
for occupants adjacent to them. Use high performance glazing (see building envelope chapter), shade 
the windows, and design HVAC to minimize radiant thermal discomfort due to windows. In cold climates 
this may mean installing supplemental heating at the building perimeter where the windows are located.  

Space Planning 

Stationary tasks, such as desks, teaching wall, computer locations, and reading areas should be located 
so that occupants can best benefit from the window views. Locate computers and white boards to avoid 
reflected glare from windows.  The best location for the main whiteboard is perpendicular to a window 
wall.  Computers monitors can be located perpendicular to a window, or facing away from the window at 
a 45 degree angle.  

Interior Design 

Interior design decisions directly affect the visual quality in the space. Excessive contrast between 
windows and adjacent surfaces can potentially cause eye strain. Room surfaces which are directly 
around and adjacent to windows should be painted white or a very light color to reduce contrast glare 
between the brighter windows and darker interior surfaces. Provide blinds or curtains to allow occupants 

                                                      
26  M. Callahan et. al. Energy Efficiency for Florida Educational Facilities:  1996 Energy Survey of Florida Schools Final Report.  

Report # FSEC-CR-951-97. Florida Solar Energy Center. Submitted to Florida department of Education, July 1997. 
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variable control of privacy, sun penetration, glare, and reduce view in for potential vandals during un-
occupied periods.  Horizontal blinds located between two panes of glass can provide all of these 
functions and reduce maintenance costs.   

Cost Effectiveness 

View windows are (or should be!) standard practice for classrooms and offices, and thus 
included in the base cost estimate. The incremental cost of energy-efficient glazing 
ranges from $0.75/ft2 to $2.50/ft² of window area, but this is already required by California 
standards. Horizontal blinds located between glazing layers may increase the cost of a 
window assembly by 25%-50%, but greatly reduces costs for exterior shading, interior curtains or blinds, 
and long term maintenance.  

Daylight energy savings from view windows are greatest for north facing windows, and can amount to 
60-80% for the first row of electric lights next to the windows.  Energy savings for other orientations are 
negligible because the shading elements required to minimize glare usually render them unreliable for 
reducing electric light consumption.  

Benefits 

View windows provide numerous benefits, serving a broad range of important functions for physiological 
and mental stimulation, eye health, social communication, egress, ventilation, and energy conservation.  

Perhaps most important, recent studies have shown that ample views to the outside are associated with 
measurable improvements in student and teacher performance.  Students performed better on math and 
reading tests when they had larger and/or more distant views in their classrooms, views of nature or 
human activity27.  Similarly, office workers performed better on cognitive tests when they had a better 
view, and had fewer complaints of fatigue, head aches and eye strain28.   

There are many hypotheses for why views may function to improve performance.  One hypothesis is that 
a bright view of the outside stimulates the body’s circadian system, resulting in better regulation of the 
various hormones and neurotransmitters needed for peak mental and emotional performance.  It is 
known that light received by the eye, primarily in the daylight spectrum, is the primary stimulus of the 
circadian system that influences the production of seratonin, dopamine, cortisol, and many other 
important hormones and neurotransmitters. The actual requirements for intensity, duration, and spectral 
content, which most likely vary by time of day and the age and health of the observer, are not yet well 
understood29.  

                                                      
27  See the Lighting and Daylighting Overview for more details.  

28  Windows and Offices: A Study of Office Worker Performance and the Indoor Environment www.h-m-g.com/Daylighting/A-
9_Windows_Offices_2.6.10.pdf. 

29  New Buildings Institute (NBI). Advanced Lighting Guidelines: 2003 Edition. www.newbuildings.org/lighting.htm 
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Other research findings have suggested that natural views reduce 
stress by allowing momentary, but frequent, mental relaxation 
which contributes to better sustained, focused attention. 
Consistent with this theory, teachers have reported a reduction in 
stress levels when they have access to a relaxing view from their 
classroom. 

Distant views are also essential for relaxation of the eye muscles. 
Optometrists recommend access to long views (of interesting 
objects at least 20 ft to 30 ft away) for any sedentary workers 
(such as students) for frequent shifting of eye focal length, which 
promotes eye health and good vision. This may be especially 
important for young children while their eyes are still developing.  

View windows, especially on the first floor of school buildings, also 
provide an important social communication function, allowing 
teachers, administrators, and parents to quickly assess what is 
going on inside a classroom. When installed with clear glass, they 
are often used to display art work and current student projects, 
contributing to both pride and awareness of other’s efforts.  

Operable view windows can also provide emergency egress and 
natural ventilation. Studies shown that natural ventilation in 
classrooms is associated with higher student test scores.30 

Design Tools 

The physical models and daylight simulation tools noted in the Overview can be used to evaluate 
potential daylight levels, and energy analysis software can be used to understand building energy 
implications.  

For critical view areas, access to views and view angles from various positions in the space can be 
evaluated graphically with scaled drawings or with the use of a scale physical model. For a physical 
model analysis, it is helpful to have a “lipstick” video camera head, which can be moved around inside 
the model to record the views available at each location. Three dimensional computer renderings of a 
space can also allow early assessment of view potentials.  

                                                      
30  See the Daylighting Primer for more details.. 

 
Figure 61—View Windows at RI 

Library 

Windows are separated from the 
daylight feature overhead and use lower 

transmission glass to reduce glare. 
Source: Lisa Heschong. 
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Design Details 

Orientation 

Orient view windows toward the north or south to avoid low angle east/west sun. Up to 15° variance 
from true north or south is acceptable, but will reduce performance. Avoiding east orientations is 
especially important since school is in session in the morning and glare and solar gains are more of a 
problem.  

Shading Devices 

Use exterior shading devices (overhangs, fins, etc.) and/or landscaping to eliminate direct sun 
penetration into classrooms. 

Glare Control 

Since view windows are within the occupants’ normal field of view, the contrast between the bright 
window view and other interior surfaces is an important glare consideration. Add an interior shades 
(blinds, curtains or shade screen,) so the teacher can adjust brightness and sun penetration as needed. 
Mesh see-though roll down blinds reduce glare from overly bright views of the sky or outside reflective 
surfaces, but do not eliminate sunlight penetration and so should not be used for solar shading. Micro-
blinds located between panes of glass provide a particularly attractive solution to glare control and sun 
protection in schools, reducing long-term maintenance costs by eliminating dust and dirt accumulation.  
Blinds should have a non-shiny white surface. In situations where operable blinds or curtains are not 
possible, use a lower transmission glazing adjusted for the window orientation. In general, visible 
transmission of view glazing should not be reduced below 30% in 
clear sky climates or below 50% in heavily overcast climates. If 
tinted glazing is used, evaluate its effect on distortion of colors (for 
example, the graying of greens and blues in the landscape) in both 
overcast and clear skies.  

Interior Surface Reflectance 

Deep splayed walls or mullions will also reduce contrast glare. 
Paint all surfaces near windows white or off-white to further reduce 
contrast between the brightness of the window and its surrounding 
wall, and help distribute the daylight. Place view windows adjacent 
to a perpendicular surface to reflect daylight onto adjacent 
surfaces.  Avoid “punched holes” in walls, as they create the worst 
glare conditions.  

Outside Reflective Surfaces 

Be aware of bright reflective surfaces outside the view window that 
may create glare when they are in sunlight. Reflected sun off a car 

 
Figure 62—Microblinds 

Micro-blinds located between two 
panes of glass provide excellent 

glare and solar control, while being 
protected from dust and abuse.  

Source: Lisa Heschong 
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windshield can be especially troublesome. Light-colored exterior walls to the north of a window can also 
create glare sources when the wall is in direct sun. Plant hedges or trees to reduce the glare potential 
from these exterior sources. Operable binds or curtains also allow occupants to adjust to varying glare 
conditions as the sun moves through the sky.  

Thermal Comfort 

Windows can become substantially colder or hotter than other surfaces in a room, causing thermal 
discomfort. High performance glazing, with a low U-factor will mitigate this problem.  Avoid using tinted 
glazing that will receive direct sunlight, as it tends to become very hot. In very cold or hot climates 
(desert, mountain and Central Valley), use a low-e coating to maximize comfort and energy efficiency. 

Computer Screen Location 

Orient computers at a 45° angle from view windows to avoid glare from reflections of the window in the 
VDT screen. Flat screen computers and adjustable-angle LED screens also help to reduce glare.  

Security 

Provide operable interior shades and/or laminated glass for security in ground level rooms that contain 
computers or other valuables. Keep school walkways some distance from view windows. 

Durability and Accessibility 

Use sturdy mechanisms for all operable ventilation and shading devices. Make them easily accessible to 
the teacher and easily repairable. 

Noise Transmission 

Windows are frequently the “weakest link” 
acoustically in a building structure. Double glazed 
windows, required by Title 24, also help reduce 
transmission of exterior noise. However, normal 
double paned windows with ¼ in. or ½ in. airspace 
are not as acoustically effective as those with a 
bigger air space between window panes. For the 
best acoustic performance, windows should have 
laminated glass on at least one pane, as well as 
significant airspace between the two panes. In high 
noise areas (from exterior traffic, trains and/or 
aircraft), it is not uncommon to require thicker 
laminated glass and 2 in. to 4 in. of airspace 
between the panes. See also the acoustic guideline 
on sound transmission coefficients in the building 
envelope chapter.  

 
Figure 63—View Windows  

View windows promote communication between interior 
and exterior spaces.  Lisa Heschong, photographer. 
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Operation and Maintenance Issues 

View windows should be cleaned on a schedule. Internal shading and glare control devices need to be 
durable, and will need to be cleaned and replaced over time.  Blinds or curtains that are replaced are 
often less optimum than the original design.  Those that are the least likely to break or need cleaning will 
have the longest life span, ensuring the continued performance of the daylight design and reducing life-
cycle costs.  

Coordinate selection of glazing materials with the maintenance staff to ensure ease of cleaning and 
replacement. Some districts have district-wide standards for glazing size, tint and strength of glass to 
ensure quick replacement of broken glass that may reduce selection options for windows.  

Design ventilation devices to prevent physical entry as well as any rain or maintenance water 
penetration.  

Commissioning 

Ensure that operable shading and glare control devices operate as intended.  

References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG2: HIGH SIDELIGHTING—
CLERESTORY  

 

 

Recommendation 

Use high clerestories in perimeter walls to increase 
daylight delivery deep into classrooms, offices, 
libraries, multipurpose rooms, gymnasiums, and 
administrative areas.  

Description 

High sidelighting clerestories are vertical glazing in 
an exterior wall above eye level (usually above 7 
ft). Since the penetration of daylight from vertical 
glazing is about two times the window head height, 
moving the window higher in the wall increases 
daylight penetration in the space.  

Applicability 

High clerestory windows can be used in all school spaces to provide deep penetration of daylight. They 
are applicable to all climate regions and should be planned in the schematic design phase.  

Applicable Energy Codes 

The California Energy Efficiency Code does not require that high side lighting with light shelves be 
installed. However, the code does specify the minimum performance of fenestration products and it 
limits window area to a maximum of 40% of the exterior wall area. Various credits are provided for fixed 
and movable shading in both the overall envelope approach and the performance approach. The 
prescriptive approach only gives credits for overhangs.  

 

Figure 64—Classroom with high clerestory 
window. 

Source: Lisa Heschong. 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast  Programming

Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.
Gym Mountains  Contract Docs.

Corridors Desert  Construction

Administration   Commissioning
Toilets   Operation

Other     
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The 2005 standards prescriptive glazing requirements mandate double low-e glazing throughout the 
state. Specific prescriptive requirements change relative to glazing area, orientation, and climate zone. 
The performance approach provides more flexibility, with trade offs between more or less aggressive 
glazing performance and other energy features of the building.  

At least half of the electric lighting power within the daylight area, as defined by the code, must be 
separately circuited and switched.  

Integrated Design Implications 

 Design phase. High sidelighting requires high ceilings and perimeter walls. North and (shaded) 
south orientations are preferable, although east, and west orientations can be acceptable if diffusing 
glazing is used, or if low-angle sun penetration will not be bothersome in the space (probably not 
classrooms). High sidelighting is most appropriate for open plan interior layouts that allow 
unobstructed daylight penetration. It should be considered in the early schematic design phase. 

 Balance with other daylight needs. Applied to one wall, this approach creates a decreasing gradient 
of useable daylight about two times the clerestory head height into the space. For spaces of 20 ft to 
40 ft in width (classrooms, etc.), it can be balanced with a daylighting scheme on the opposite wall 
to provide even lighting across the entire space. View windows should also be provided. The total 
glazing area should be apportioned among these needs.  

 Reduced plenum space. Clerestory sidelighting requires ceiling heights of 9.5 ft or more at the 
window wall. This extra ceiling height may be accomplished with minimal increase of the floor-to-
floor height by careful integration of the structural system, HVAC ducts and electric lighting in the 
plenum space. Sloping (or stepping) the ceiling upward at the perimeter (see figure)—essentially 
reducing the plenum space there—can also yield additional perimeter ceiling height. For ceiling-
ducted HVAC systems, this requires routing ducts away from perimeter walls.  

 Natural ventilation. High windows can be especially beneficial for natural ventilation, by allowing 
heated air to escape out near the ceiling. The ideal location for high operable windows is on the 
leeward side of a building.  

 HVAC. High sidelighting glazing impacts HVAC loads by its vulnerability to solar gains during the 
cooling season and heat loss in the heating season. Good design (appropriate glazing orientation, 
size, glazing materials, shading and photocontrol of electric lights) can reduce the overall HVAC 
loads and potentially reduce HVAC system size and first costs.  

 Duct work. Keep ductwork away from high windows to avoid blocking daylight.  

 Electric lighting. High sidelighting creates linear zones of daylight that run parallel to the clerestory 
windows. Electric lighting should be circuited parallel to this and photocontrolled (or manually 
controlled) in response to available daylight.  
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Cost Effectiveness 

Costs for high sidelighting are low to moderate. Windows are standard practice for 
classrooms. A balance of view and clerestory windows can be provided for each 
classroom with minimal increase to the overall glazed area. The incremental cost of 
energy efficient glazing ranges from $0.75/ft2–$2.50/ ft2.  

Benefits 

High sidelighting provides a moderate level of benefits. The general energy saving, productivity and 
visual comfort benefits of daylighting are discussed in the Overview section to this chapter. Clerestory 
sidelighting both saves energy and improves lighting quality. Energy savings come from reduced electric 
lighting energy use. Lighting quality is improved by a more uniform distribution of daylight across the 
space.  

Design Tools 

Computer simulation programs and scale models as outlined in the Overview can be used to 
demonstrate daylight distribution. If the design includes sloped surfaces, check to ensure the simulation 
program can accommodate these. Check for daylight levels across the space under both clear sky and 
overcast sky conditions and check direct sun penetration through the clerestory glazing for the lowest 
expected sun angles. Even occasional penetration of low sun angles can be extremely bothersome to 
occupants and may lead to blocking a window.  

Energy savings from minimized HVAC loads and control of electric lighting in response to daylight can 
be estimated with the DOE-2, EnergyPlus, and Energy-10 programs available. 

Design Details 

 Ceiling height. High sidelighting glazing works best in spaces with high ceilings, of 11–12 feet. 
Generally, the higher the ceiling, the better.  

 Balancing with view windows. Lower view windows are frequently coupled with high sidelighting 
schemes, but they do not have to coincide for the whole perimeter. The high glazing should be 
continuous along the whole area to be daylit. View windows can be selectively spaced beneath 
these high windows as needed. This balance between high clerestories and view windows can 
leave lower perimeter wall space available for other uses.  

 Shading devices. Design high sidelighting clerestories with exterior shading, diffusing glazing, 
operable blinds, or light shelves to eliminate direct sun penetration. A light shelf or louver system 
may also be used; see Guideline Guideline LG3: High Sidelighting—Clerestory with Light Shelf or 
Louvers. Dedicated blinds or shades for the upper clerestory glazing can be optimized for daylight 
distribution while allowing the lower view windows to be controlled separately for glare. Mini-blinds 
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positioned between the panes of glass in a double glazed window accomplish this with minimal 
maintenance. Some manufacturers will provide “inverted” blinds, with the concave side installed 
facing up.  This provides somewhat better daylight distribution to the ceiling. Blinds should have a 
non-shiny white surface. Mesh see-though roll down blinds reduce glare from overly bright views of 
the sky or outside reflective surfaces, but do not eliminate sunlight penetration and so should not be 
used for solar shading.  

 Orientation. Clerestories are most effective on south and north orientations, but should be carefully 
evaluated on east and west orientations to assure that low sun angle penetration and direct solar 
gain into the space is minimized. Shade exterior glazing with an overhang on east-, west-, and 
south-facing glazing to minimize solar gain or use a selective low-e coating (SHGC less than .45). 

 Visible transmission. Use high transmission, clear glazing (visible transmission 60% to 90%) on the 
upper window to admit the maximum daylight to the space. Clear low-e glazing is recommended in 
the desert, mountain and Central Valley climates.  

 Stepped ceiling. Clerestories may create a comparatively dark area along the wall directly beneath 
them. An interior stepped ceiling in a multi-story building can create a clerestory that reflects 
daylight back onto the wall to brighten it and deliver reflected daylight to the space.  

 Reflectance. Paint all surfaces near the clerestories white or off-white to reduce contrast between 
the brightness of the clerestory and its surrounding wall. The adjacent ceiling should also have a 
highly reflective (>70%) white or off-white surface to help diffuse a maximum amount of daylight into 
the space. Use specially designed “high reflectance” ceiling tiles if the budget allows. 

 Teaching surface. In classrooms, the teaching surface should be perpendicular to the window wall 
for best illumination. Avoid orientations that will put students’ or teachers’ faces in silhouette or 
cause reflected glare on whiteboards or computer screens. 

Operation and Maintenance Issues 

For operable louvers, it is best to have preset angles that are seasonally adjusted by maintenance staff 
so the louvers are not inadvertently closed and forgotten or left at a non-optimal angle.  

For shades or blinds that are operated by teachers, ensure that their control mechanisms are 
accessible, robust, and easily repaired.  

Clerestory windows should be washed on a regular schedule.  

Commissioning 

Set adjustable louvers at their correct seasonal angle to eliminate direct sun penetration.  
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References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG3: HIGH SIDELIGHTING—
CLERESTORY WITH LIGHT SHELF OR LOUVERS 

Blocks interior 
view of upper 
glazing 

summer 
winter 

 

Exterior light shelves shade lower window and reflect 
summer sun into room. Interior shelves reflect winter sun 

while reducing glare. 

Recommendation 

Use light shelves or louvers with high 
clerestory glazing in south facing perimeter 
walls to improve daylight distribution, block 
direct sun penetration, and minimize glare 
in classrooms, offices, libraries, 
multipurpose rooms, gymnasiums, and 
administrative areas.  

Description 

A light shelf is a horizontal reflecting panel 
placed below high clerestory glazing (with 
a view window generally below it) to bounce sunlight deeper into the space. Daylight distribution is 
improved as sunlight reflects off the top surface of the light shelf or louver and diffuses onto the ceiling.  

Figure 65–Exterior Light Shelves 

Photo of Liberty Elementary School with exterior light shelves to 

reflect sunlight onto classroom ceilings. Source: Liberty 

Elementary, Boise School District, Boise, ID 

Applicable Spaces  Climates  When to Consider 

Classrooms  South Coast  Programming  

Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.
Gym Mountains  Contract Docs.

Corridors Desert  Construction

Administration   Commissioning
Toilets   Operation

Other   
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Light shelves and louvers can be located on the exterior, interior, or both. Exterior shelves shade the 
lower window from solar heat gain and reflect high angle summer sun into the room. Interior shelves 
reflect lower angle winter sun while blocking the penetration of direct sun and reducing glare from the 
upper glazing.  

A series of smaller horizontal louvers can replace a single large light shelf as long as the geometry is 
maintained. Horizontal blinds can function similar to light shelves.  Ideally, blinds should be painted white 
and be inverted (concave side up) to have optimal performance. While blinds and louvers can have the 
advantage of being adjustable relative to solar angle, this is rarely done in actuality.  Thus, it may be a 
realistic assumption that they will remain at a fixed angle throughout the year.  

Applicability 

High clerestory windows with light shelves or louvers can be used in most south facing school spaces to 
provide deep penetration of daylight. They are applicable to all climate regions and should be planned in 
the schematic design phase.   

Applicable Codes 

The California Energy Efficiency Code does not require that high side lighting with light shelves be 
installed. However, the code does specify the minimum performance of fenestration products and it 
limits window area to a maximum of 40% of the exterior wall area. Various credits are provided for fixed 
and movable shading in both the overall envelope approach and the performance approach.  

The 2005 standards prescriptive glazing requirements mandate double low-e glazing throughout the 
state. Specific prescriptive requirements change relative to glazing area, orientation, and climate zone 
location. The performance approach provides more flexibility, with trade offs between more or less 
aggressive glazing performance and other energy features of the building.  

At least half of the electric lighting power within the daylight area, as defined by the code, must be 
separately circuited and switched.  

Integrated Design Implications  

 Design Phase. Clerestories with light shelves require perimeter access to south-facing (+/- 15°) 
sidelighting and impact many aspects of building massing. They also benefit from open plan interior 
layouts that allow unobstructed daylight penetration. They should be considered in the early 
schematic design phase. Calculation of the size and cutoff angles of the light shelf or louver system 
is essential.  

 Balance with Other Daylight Needs. Applied to one wall, this approach creates a decreasing 
gradient of useable daylight about two times the clerestory head height into the space. Wider 
spaces can be balanced with a daylighting scheme on the opposite wall to provide even lighting 
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across the entire space. Lower view windows are frequently coupled with light shelf schemes, but 
they do not have to coincide for the whole length of the light shelf. The high glazing with light shelf 
should be continuous along the whole area to be daylit. View windows can be selectively spaced 
beneath the light shelf as needed. This balance between high sidelighting and view windows leaves 
some lower perimeter wall space available for other uses. Total glazing area should be apportioned 
among these needs.  

 Integration with Ceiling Plenum. Clerestories with light shelves require ceiling heights of 9.5 ft or 
more at the window wall. This extra ceiling height may be accomplished with minimal increase of the 
floor-to-floor height by careful integration of the structural system, HVAC ducts, and electric lighting 
in the plenum space. Sloping (or stepping) the ceiling upward at the perimeter—essentially reducing 
the plenum space there—can also yield additional perimeter ceiling height. For ceiling-ducted HVAC 
systems, this requires routing ducts away from perimeter walls.  

 Integration with HVAC. Glazing above a light shelf impacts HVAC loads by its vulnerability to solar 
gains during the cooling season and heat loss in the heating season. Good design (appropriate 
glazing orientation, size, performance, shading, and photocontrol of electric lights) can reduce the 
overall HVAC loads and potentially reduce HVAC system size and first costs. Light shelves also 
must be designed so as not to interfere with circulation of air from the HVAC system.  

 Integration with Electric Lighting. Clerestories with light shelves create linear zones of daylight that 
run parallel to the clerestory windows. Electric lighting should be circuited parallel to this and 
automatically controlled in response to available daylight. Light shelves and louvers deliver daylight 
indirectly to the space; they work well when coupled with direct/indirect pendant electric lighting. 
Sometimes the first row of electric lighting is incorporated into the light shelf itself.  

 Integration with Other Mechanical Systems. Design light shelves so they do not interfere with the 
operation of a fire sprinkler system.  

Cost Effectiveness 

Clerestories with light shelves or louvers are relatively expensive, but downsizing cooling 
systems may offset some cost (if electric lights are automatically switched or dimmed in 
response to daylight). Energy savings from reduced lighting and cooling energy are 
adequate to recover the initial investment in about 8 to 12 years.  

Benefits 

Clerestories with light shelves or louvers produce a high level of benefits. The general energy saving, 
productivity, and visual comfort benefits of daylighting are discussed in the Overview section to this 
chapter. Clerestories with light shelves or louvers both save energy and improve lighting quality. Energy 
savings come from reduced solar gains (when an exterior light shelf shades lower glazing) and reduced 
lighting energy use.  
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Lighting quality is improved because daylight is delivered deeper in the space, creating a more even 
distribution of daylight. Interior light shelves and louvers restrict the view of the bright upper glazing, 
eliminating glare.  

Design Tools 

Computer simulation programs and scale models as outlined in the Overview can be used to 
demonstrate daylight distribution. If the design includes sloped surfaces, check to ensure the simulation 
program can accommodate these. Check for daylight levels across the space under both clear sky and 
overcast sky conditions, and check direct sun penetration through the upper glazing for the lowest 
expected sun angles.  

Most whole-building energy simulation programs (like DOE-2 and EnergyPlus) do not accurately 
represent the increased daylight distribution from a light shelf or louver system. For more accurate 
simulations of electric lighting energy savings, the daylight distribution should be simulated with a 
physical scale model or daylight simulation program and then input to the energy program.  

Design Details  

Ceiling height. Provide a minimum perimeter ceiling height of 9.5 ft (the higher, the better). Position the 
light shelf at 7 ft or more above the floor. Coordinate shelf position with pendant electric lighting, door 
headers, shelving, fire sprinklers, and other interior features.  

Orientation. Light shelves are most effective on south orientations, and occasionally on the north (to 
reduce glare from the upper glazing). They should be avoided on east and west orientations. 

 

 

Cutoff angle 
eliminates all
direct sun

Interior shading 
device for view 
glazing

Same 
cutoff
angle

 

Figure 66—Cutoff Angle of Light Shelves 

Set the cutoff angle of light shelves or louvers to eliminate direct sun penetration during normal school hours. 

Cutoff angle. Set the cutoff angle of the light shelf or louvers (see the figure above) to eliminate direct 
sun penetration during normal school hours. (Use a cutoff angle of 27° for latitudes north of Chico. Use a 
cutoff angle of 23° for latitudes between Chico and Bakersfield. Use a cutoff angle of 20° for latitudes 
south of Bakersfield.) Cutoff angle can be increased by 10° if there are operable shades on the upper 
glazing, and increased by 20° if operable louvers will be seasonally adjusted. 
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Visible transmission. Use high transmission, clear glazing (visible transmission 70%–90%) on the upper 
window to admit the maximum daylight to the space. with a Low-e coating is recommended in the 
desert, mountain and Central Valley climates.  

Reflectance. The top surface of the light shelf or louvers should be highly reflective (greater than 80% 
reflectance and with a diffuse, not mirrored, surface). Paint all surfaces near the clerestories white or off-
white to reduce contrast between the brightness of the clerestory and its surrounding wall. The adjacent 
ceiling should also have a highly reflective (>80%) white surface to help diffuse a maximum amount of 
daylight into the space. Use specially designed “high reflectance” ceiling tiles if the budget allows. 

Materials. Light shelves and louvers may be opaque 
or translucent and constructed of wood, metal panels, 
GFRC (glass fiber reinforced concrete), plastic, fabric, 
or acoustic ceiling materials. Choice of material 
should include consideration of reflectivity, structural 
strength, cost, ease of maintenance, and durability. 
Some curtain wall or window manufacturers can 
assist in developing details for light shelves and offer 
add-on products as part of their service. Fabric 
“shelves” can be suspended from the ceiling at their 
interior edge.  

Top surface. The top surface of a row of lockers or 
casework that lines a perimeter wall can also be used 
as a light shelf if its reflectivity and dimensions are 
appropriate. Slope the top surface so it will not be 
used for storage.  

Opaque vs. translucent shelves. Opaque shelves may create a dark space along the wall directly under 
them if they are not coupled with a view window. Leave a gap between the light shelf and the wall to 
create a wall wash or use electric lighting to brighten this wall. Translucent shelves provide a soft light 
under them but must be carefully evaluated so the direct view of the under side does not create glare. 
See Figure 67 above. 

Dirt accumulation. To reduce accumulation of dirt, exterior shelves should be sloped at least 0.25 in./ft 
so that rain can help keep it clean and not pool on the shelf. Also slope interior shelves so they are not 
used for storage. Fabric construction is another way of preventing this.  

Accessibility. Both exterior and interior light shelves can be an “attractive nuisance” in school buildings, 
inviting students to climb or hang on them. Minimize access to the shelf, or use a series of horizontal 
louvers or blinds instead.  

 

Figure 67—Creating a Wall Wash 

If opaque light shelves aren’t coupled with view windows, 
consider leaving a gap between the light shelf and the 

wall to create a wall wash. Translucent shelves provide a 
soft light under them. 
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Access for cleaning. Detail the light shelf or louver 
system so it is easy to clean the glass above it, 
both inside and out. Large light shelves may need 
to be moved away from the window by six inches 
to allow for window cleaning equipment to be 
inserted from below the shelf. Blinds set in 
between double panes of glazing allow the glass 
to be cleaned without dirt accumulation on the 
blinds.  

Teaching surface. In classrooms, the teaching 
surface should be perpendicular to the window 
wall for best illumination.  

Operation and Maintenance 
Issues 

The glazing and light shelf/louver system forms a 
light delivery system that must be kept clean to 
ensure maximum delivery of daylight to the space. 
The top surface of the shelf or louvers should be 
cleaned each time the windows are washed. Make 
sure light shelves or louvers are detailed correctly 
to allow easy window cleaning. For operable 
louvers, it is best to have preset angles that are 
seasonally adjusted by maintenance staff so the 
louvers are not inadvertently closed and forgotten 
or left at a non-optimal angle.  

Commissioning 

Unless the light shelf or louvers are moveable, 
commissioning should not be necessary. Set 
adjustable louvers at their correct seasonal angle 
to eliminate direct sun penetration.  

References/Additional 
Information 

See the Overview section of this chapter. 

 

 

Figure 68—The CTAC High Performance Classroom  

The high performance classroom at Southern California 
Edison’s Customer Technology Application Center (CTAC), 

Irwindale, CA.  (Left) Exterior light shelf and sun shade (Right) 
Classroom with skylights, windows, clerestories and PIER 

lighting system.  Photos:  J. Benya 
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GUIDELINE LG4: CLASSROOM DAYLIGHTING—
WALL WASH TOPLIGHTING 

 

 

Recommendation 

Use wall wash toplighting for interior classroom 
walls to balance daylight from window walls, 
brighten interior classrooms, and make them 
seem more spacious.  

Description 

Wall wash toplighting provides daylight from 
above through a linear skylight or monitor to 
wash an interior wall. The glazing is obscured 
from direct view by the skylight or monitor well. 
Daylight is diffused with diffusing glazing, baffles 
or reflections off of the matte surfaces of the light 
well and interior walls.  

Applicability 

A toplighting scheme applies to single-story 
buildings or the top floor only of a multistory 
building. Appropriate spaces for wall wash 
toplighting may include classrooms, libraries, 
multipurpose spaces, gyms, corridors, and 
administration offices. It is applicable to all 
climate regions, and must be planned for in 
schematic design.  

 

Skylit wall wash delivers daylight across two-thirds of 

this classroom. Lisa Heschong, photographer. 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast Programming

Library North Coast Schematic

Multi-Purpose / Cafeteria Central Valley Design Dev.
Gym Mountains Contract Docs.

Corridors Desert Construction

Administration   Commissioning
Toilets   Operation

Other   

 



Lighting and Daylighting Guideline LG4: Classroom Daylighting—Wall Wash Toplighting 

258 CHPS BEST PRACTICES MANUAL DESIGN  © 2006 CHPS, INC 
 

 

Applicable Energy Codes 

The California Energy Code specifies the minimum performance of fenestration products and it limits 
skylight area to a maximum of 5% of the exterior roof area (unless they are over a high atrium).  

The 2005 standards prescriptive glazing requirements mandate double glazed skylights throughout the 
state. Specific prescriptive requirements change relative to glazing area, glazing and curb type, and 
climate zone location. The performance approach provides more flexibility, with trade offs between more 
or less aggressive glazing performance and other energy features of the building.  

Fifty percent of the electric lighting power within the daylit zone, as defined by the code, must be 
separately circuited and switched. When the continuous daylight area is greater than 2500 ft² the 
automatic daylighting controls are required.  

Integrated Design Implications  

Site plan. This toplighting scheme applies to single-story buildings or the top floor only of a multi-story 
building. It must be planned for in the schematic design. 

Space Planning.  Wall wash toplighting works best along display walls and in the center of a space.  It 
can be used for the interior walls of classrooms or along a linear corridor.  Ideally the illuminated wall will 
be used for display of visually interesting materials and will be kept clear of attachments which will cause 
shadowiong, like cabinets or ducts.  

Balance with other daylight. Applied to one wall, this approach can provide even daylight across 
approximately two-thirds of a classroom. It should be balanced with a daylighting scheme on the 
opposite wall to provide even lighting across the entire classroom. View windows should also be 
provided. The total glazing area should be apportioned among these needs.  

HVAC. Placement of skylights and monitors and their associated light wells must be coordinated with the 
location of rooftop HVAC equipment and interior duct runs. If it is oriented, glazed, shaded, and 
integrated with electric lighting controls, toplighting should decrease overall energy use of the building. 
This can reduce the initial size of the HVAC system and annual energy costs.  

Mechanical ventilation. Operable rooftop fenestration can be used to naturally ventilate the space. 
Evaluate thermal stratification of air in the space and prevailing wind conditions to assess the feasibility. 

Structural system. Skylights and monitors interrupt the roof diaphragm and structural system. Their size 
and location may be limited by this and must be coordinated with the structural system to maintain its 
strength and integrity.  

Safety and security. A safety/security grating can be placed in light wells directly under the glazing to 
protect against falls and vandalism. (Light control louvers or baffles can also serve this function.) Paint 
the grating white to minimize its visual presence.  
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Cost Effectiveness 

Costs for wall wash toplighting are moderate to high, depending on design. Commercial, 
single glazed skylights are usually the least expensive approach. 

Benefits 

Wall wash toplighting provides a moderate to high level of benefits. This approach washes a wall with 
light, and bounces glare-free daylight into the classroom. It will make the space appear larger and 
brighter. The uniform light from this approach can easily light the inner two-thirds of a classroom. It is 
excellent when combined with another wall wash or a sidelighting technique that increases daylight on 
the opposite side of the room (for example, a perimeter window) to create even, balanced daylight 
across the whole room.  

This approach saves electric lighting energy if the first row or two of lights adjacent to the wall wash are 
switched off or dimmed in response to the daylight. Savings for controlled fixtures may be 40%–80% 
during daylight hours.  

Operable louvers can provide variable amounts of daylight for different activities. Operable skylights or 
monitor glazing can provide the top outlet for a natural ventilation scheme that draws fresh air in through 
a lower aperture. Natural ventilation may improve student performance, and has been correlated with 
lower energy use in schools. 

Design Tools 

The computer simulation programs and scale models described in the Overview can be used to 
demonstrate daylight distribution. If the design includes sloped surfaces, check to ensure the simulation 
program can handle this situation.  

Design Details 

Skylight vs. vertical glazing. The glazing for these patterned toplighting schemes may be either 
horizontal or vertical (preferably facing north or south). Orientation is very important for roof monitors.  It 
is not important for skylights.  Skylights with a projecting shape, such as barrel vaults or pyramids, 
capture more low-angle sun in the early mornings and late afternoons, and thus extend the amount of 
time during the day that they provide useful daylight.  Rectangular skylights should be oriented with the 
long dimension north-south to optimize low angle sunlight collection.   

Diffusion. Diffuse the daylight before it washes the wall. Eliminate direct sun patches with diffusing 
glazing, baffles, or a deep well. For skylights, use a high performance diffusing material, such as 
prismatic acrylic, to maximize light transmission while minimizing hot spots. For clear glazed, baffled 
systems, design fixed baffles to cut off all expected sun angles or provide adjustable baffles. 
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Visible transmittance. Use glazing with the highest visible transmittance to bring in the most daylight 
relative to the glazed area. For vertical glass, use a low-e coating to minimize heat loss; use a selective 
low-e coating to minimize solar gain on solar orientations.  

Light wells. A light well connects the upper aperture with the ceiling plane of the classroom. Light well 
walls should be highly reflective (>80% reflectance). Diffusely reflecting light wells should be less than 8 
ft deep; mirrored reflecting wells can be used for deeper wells when necessary.  

Surface colors. The top of the wall that is washed should be ideally be painted white, or at minimum a 
light color (>70% reflectance) so it can reflect daylight into the space. It should not have protrusions that 
will cast objectionable shadows. 

Balancing daylight. Combine wall wash toplighting approach with another linear approach on the 
opposite wall to balance daylight in the space.  

Insulation. Insulate light well walls to minimize thermal losses and reduce condensation.  

Task and accent lighting. In addition to ambient lighting, this approach can be used for task lighting on 
the wall (lighting lockers) or accent lighting (lighting artwork). It is excellent for corridors and other 
circulation spaces.  

Blackout capability. Many school districts request “black-out” capability, especially for multipurpose 
rooms which may be used for performances. Most often in these cases it is sufficient to dim the daylight 
to low ambient levels.  Operable louvers or roller blinds can be added to to modulate the daylight levels. 
For small rooms with low ceilings these can be operated with manual pulls or cranks.  For very large 
rooms and/or those high ceilings motorized controls are recommended.   

Integrating with electric light. Consider an electric lighting wall wash luminaire to illuminate the wall at 
night, or during heavily overcast conditions. Photoswitch this light in response to daylight levels.  

Safety and security. Operable mechanisms should prevent any physical entry. A safety/security grating 
can be placed in the light well under the glazing for this toplighting scheme. (Light control louvers and 
baffles may also serve this function.) Make sure this grating does not create a shadow pattern on the 
wall.  

Leakage. All roof penetrations have leakage liabilities. Use well-tested curb design details and flashing 
kits provided by the manufacturer. Any operable opening should prevent rain penetration.  

Operation and Maintenance Issues  

Educate teachers about how wall wash toplighting delivers daylight to the space; discourage them from 
placing dark colored artwork and posters high on the washed wall.  

Clean glazing on a schedule. Horizontal glazing needs more frequent cleaning in climates with low 
rainfall.  
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The mechanisms for operable louvers and blackout shades should be robust, accessible to the instructor 
and easily repaired.  

The janitorial service should check all operable windows or skylights for closure daily. 

Commissioning 

Check to ascertain that operable louvers and shades are working. Set angles of adjustable louvers to 
eliminate direct sun penetration.  

References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG5: CENTRAL TOPLIGHTING  
 

        

Recommendation 

Use central toplighting in single-story classrooms to 
provide high levels of even, balanced daylight 
across the entire room.  

Description 

Central toplighting uses a central monitor or skylight 
(or cluster of skylights) to distribute daylight evenly 
across the room. Daylight is diffused with diffusing 
glazing or baffles that can be fixed or operable. 
Daylight levels are highest directly under the 
aperture and gradually reduce toward the perimeter 
of the space. 

Applicability  

Central toplighting is applicable in single-story or top 
floor spaces including classrooms, libraries, multipurpose spaces, and administrative offices. It is 
appropriate for all climate regions, and should be considered during the programmatic, schematic, and 
design development phases of a school building project. 

Applicable Energy Codes 

The California Energy Code specifies the minimum performance of fenestration products and it limits 
skylight area to a maximum of 5% of the exterior roof area (unless they are over a high atrium).  

The 2005 standards prescriptive glazing requirements mandate at least double glazed skylights 
throughout the state. Specific prescriptive requirements change relative to glazing area, glazing and curb 

 

 

Figure 69—Sawtooth Monitor 

Central sawtooth monitor provides even illumination 
across desktops in this classroom. Source: Barbara 

Erwine. 

Applicable Spaces  Climates  When to Consider

Classrooms South Coast  Programming
Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.

Gym Mountains  Contract Docs.
Corridors Desert  Construction

Administration   Commissioning

Toilets   Operation
Other   
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type, and climate zone location, The performance 
approach provides more flexibility, with trade offs 
between more or less aggressive glazing 
performance and other energy features of the 
building.  

Fifty percent of the electric lighting power within the 
daylit zone, as defined by the code, must be 
separately circuited and switched. When the 
continuous daylight area is greater than 2500 ft² 
then automatic daylighting controls are required.  

Integrated Design Implications 

Integration with site plan. This toplighting scheme 
applies to single-story buildings or the top floor only of a multi-story building. It must be planned in the 
schematic design. 

Skylight vs. vertical glazing. The glazing for a central toplighting scheme may be either horizontal or 
vertical (facing north, east, south, or west).  

Balance with other daylight. This scheme should be combined with view windows in perimeter walls. 
Since the toplighting aperture provides most of the ambient daylight, smaller windows can be judiciously 
spaced in exterior walls to optimize views and save wall space for other needs. The total glazing area 
should be apportioned among these needs.  

Integration with HVAC. Placement of skylights and monitors, and their associated light wells, must be 
coordinated with the location of rooftop HVAC equipment and interior ducts.  

Integration with structural system. Skylights and monitors interrupt the roof diaphragm and structural 
system. Their size and location may be limited by this and must be coordinated with the structural 
system to maintain its strength and integrity. 

 Integration with electric lighting. Central daylighting schemes often fail to provide bright illumination on 
interior walls. Electric lighting wall wash fixtures may be needed to supplement the daylight.  

Integration with mechanical ventilation. If the toplighting fenestration is operable, it can be used to 
naturally ventilate the space. Evaluate the thermal stratification of air in the space and the prevailing 
wind conditions to assess the feasibility. 

Safety and security. Toplighting scenarios on relatively flat roofs have both safety and security issues 
that should be considered. The Daylighting Design Considerations in the on-line Appendix discusses 
these concerns in more detail.  

 

Figure 70—Central Skylight and Splayed Light 
Well Walls 

Source: PJHM Architects 
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Cost Effectiveness 

Costs for central toplighting are medium to high, depending on design. Commercial, 
double glazed skylights or a diffusing, double wall panel system with a sheetrocked well 
will be the least expensive. Site-built monitors with vertical or sloped glazing will cost 
more.  

Costs for skylights include unit skylight, curb and flashing, any dampers, louvers or burglar bars, the 
skylight well and a diffusing system at the base.  Costs for monitors include additional structure and 
finishes around the monitor, glazing, roofing, flashing, any louvers or baffles or diffusers at the base.  

Benefits 

Central toplighting provides a high level of benefits. With good diffusion, this approach creates even, 
balanced daylight across the classroom, which has been correlated with higher standardized test scores. 
This approach saves electric lighting energy if the electric lights are switched off or dimmed in response 
to the daylight. Savings may be 40% to 80% during daylight hours.  Operable louvers can provide 
variable amounts of daylight for different types of classroom activities. Operable skylights or monitor 
glazing can provide the top outlet for a natural ventilation scheme that draws fresh air in through a lower 
aperture. Natural ventilation may improve student performance, and has been correlated with lower 
energy use in schools. 

Design Tools 

The computer lighting simulation programs and scale models described in the Overview can be used to 
demonstrate daylight distribution and resultant daylight levels. If the design includes sloped surfaces, 
check that the simulation program can handle this.  

The SkyCalc program can be used to optimize the size and annual whole building energy performance 
of a central skylight scheme. DOE-2 should be used for any designs using vertical glazing. 

Design Details 

General 

Placement. Placing a diffusing central toplighting opening in the center of the room will provide the most 
uniform horizontal daylight levels across the room, but may leave key wall areas comparatively dark.  It 
may be more appropriate to locate the lightwell opening closest to the primary teaching wall in a 
classroom (or a display wall in other spaces) in order to create a bright wall wash on that surface.  It is 
also useful to consider the orientation of the opening relative to this surface, since daylight from even the 
most diffusing design will change in intensity over the course of the day as the sun moves through the 
sky.  In general, the brightest surfaces will be to the north of the opening, especially when the sun is to 
the south during midday.     
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Visible transmittance. Use high visible transmission glazing materials (greater than 60%) to maximize 
daylight while minimizing the size of the glazed area with its relatively low U-factor. Alternatively, larger 
areas of low-transmission glazing with high insulation levels, such as insulated fiberglass panels, may be 
used successfully. The balance between visible transmittance and insulation levels is best studied with 
an hourly climate simulation software tool.  

Reflective materials. A light well connects the upper aperture with the ceiling plane of the classroom. 
Light well walls should be highly reflective (>80% reflectance). Bright white, flat paint works best. 
Diffusely reflecting light wells should be las wide and shallow as possible. Specular reflecting wells can 
be used when deep or narrow wells are necessary. A diffusing glazing panel should be placed at the 
bottom of a specular well.   

Diffusion. Diffuse any direct beam sunlight with diffusing glazing or or by bouncing off of another surface, 
such as reflectors or baffles Avoid placing any diffusing glazing within the normal field of view, as it will 
cause excessive glare.. Design reflectors or baffles to intercept all expected sun angles or else to be 
adjustable.  

Splayed light wells. Splay light well walls to allow daylight to spread more effectively in the space and 
reduce glare. A 45° angle works best. 

Insulation. Insulate light well walls to an R-value at least equivalent to the code requirement for wall 
insulation to minimize thermal losses and reduce condensation. 

Daylight illumination levels: Many school districts request “black-out” capability, especially for 
multipurpose rooms which may be used for performances. Most often in these cases it is sufficient to 
dim the daylight to low ambient levels.  Operable louvers or roller blinds can be added to modulate the 
daylight levels.,  For small rooms with low ceilings these can be operated with manual pulls or cranks.  
For very large rooms and/or those high ceilings motorized controls are recommended.   

Integration with electric lighting. See the Electric Lighting and Controls chapter for information about 
control of electric lights in response to available daylight. Electric lighting should be designed to both 
supplement the daylight during the day, and also provide good quality lighting in the space at night.  
With central toplighting, care should be given to how to provide sufficient vertical illumination around the 
walls of the room and also provide electric uniform illumination under the light well at night.  

Safety and security. A safety/security grating can be placed in the light well under the glazing for this 
toplighting scheme. (Light control louvers and baffles can also serve this function.) Make sure this 
grating does not create a shadow pattern on the wall. Paint it white to reduce its visual presence. 

Leakage. All roof penetrations have leakage liabilities. Use well-tested curb design details and flashing 
kits provided by the manufacturer. 

Reflectors. A reflecting device may be placed below the light well to redirect daylight onto the ceiling or 
walls of the space. This ceiling/wall wash will make the space appear larger and brighter. Even though 
horizontal footcandles measured at desk height may be reduced, uniformity will be improved. The 
reflector may consist of flat or curved mirrored or matte reflective surfaces. It may also be partially 
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translucent (fabric, plastic, or perforated metal). This device will require extra floor to ceiling height and 
should be studied with a physical scale model to evaluate daylight distribution.  

Skylights 

Use a glazed area of about 3%–6% of the floor area. Use SkyCalc or other tools to calculate the 
optimum size and glazing properties to balance annual energy use. Because it if difficult to provide light 
to a large area from a single source, this pattern for a central skylight should be used only for relatively 
small areas, i.e. classroom size or smaller.  

Monitors 

Orientation is very important for roof monitors.  Roof monitors facing south can have the smallest glazing 
area, but should have baffles, reflectors and or shading to diffuse direct sunlight.  Roof monitors facing 
north will provide the most uniform illumination throughout the day, but need to have a substantially 
larger glazing area to provide similar light levels.  High performance glazing with high visible light 
transmittance, should be used in both cases.  South facing monitors should have a lower SHGC (less 
than 0.45) to reduce solar gains in the cooling season.  North facing monitors should optimize the U-
value of the glazing and roof assembly to minimize heat loss.  Avoid roof monitors with glazing oriented 
east or west; they will show large variations in light level from morning to afternoon, and poor energy 
performance. 

Operation and Maintenance 

Clean glazing on a regular schedule. Horizontal glazing needs more frequent cleaning in climates with 
low rainfall.  

Mechanisms for operable louvers and blackout shades should be robust, accessible to the teacher, and 
easily repaired.  

Spiders love high bright spaces, so provide a way to remove spider webs if they accumulate.  

Commissioning 

Check that operable louvers and shades are working. Set angles of adjustable louvers to eliminate direct 
sun penetration.  

References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG6: PATTERNED TOPLIGHTING 

 

Recommendation 

Use patterned toplighting in interior spaces that 
need even, low glare illumination across a large 
area.  

Description 

Patterned toplighting provides daylight through a 
two-dimensional grid of skylights or rows of roof 
monitors . It provides even, glare-free daylight 
across large areas. Spacing of the pattern is largely 
a function of the ceiling height and aperture size.  

Applicability 

This daylighting pattern is useful for any large area 
that needs even daylight levels. It is especially good 
for gymnasium, library, multipurpose, or cafeteria 
spaces. For gymnasium ball courts, add baffles or 
high light well cutoff angles to minimize direct views 
of bright glazing surfaces during ball games (See Design Details below). Patterned toplighting is 
appropriate for all climate regions, and should be considered during the programmatic, schematic, and 
design development phases.  

Applicable Energy Codes 

The California Energy Code specifies the minimum performance of fenestration products and it limits 
skylight area to a maximum of 5% of the exterior roof area (unless they are over a high atrium).  

The 2005 standards prescriptive glazing requirements mandate double glazed skylights throughout the 
state. Specific prescriptive requirements change relative to glazing area, glazing and curb type, and 

 

Figure 71—Grid Skylights 

Grid of skylights in Peoria Gymnasium provide even 

illumination across the space. Source:  Lighting Co., Inc. 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast  Programming

Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.
Gym Mountains  Contract Docs.

Corridors Desert  Construction

Administration   Commissioning
Toilets   Operation

Other   
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climate zone location, The performance approach provides more flexibility, with trade offs between more 
or less aggressive glazing performance and other energy features of the building.  

Fifty percent of the electric lighting power within the daylit zone, as defined by the code, must be 
separately circuited and switched. When the continuous daylight area is greater than 2500 ft² the 
automatic daylighting controls are required.  

Very large spaces, with continuous open areas greater than 25,000 ft² and with ceilings above 15 ft high, 
the California standards require the use of diffusing skylights combined with automatic daylight controls.  
For school districts, this is most likely to apply to large field houses, or maintenance sheds.  

Integrated Design Implications  

Integration with site plan. This toplighting scheme applies to single-story buildings or the top floor only of 
a multi-story building. It must be planned for in the schematic design.  

Skylight vs. vertical glazing. The glazing for these patterned toplighting schemes may be either 
horizontal or vertical (preferably facing north or south). Orientation is very important for roof monitors.  It 
is not important for skylights.  Skylights with a projecting shape, such as barrel vaults or pyramids, 
capture more low-angle sun in the early mornings and late afternoons, and thus extend the amount of 
time during the day that they provide useful daylight.  Rectangular skylights should be oriented with the 
long dimension north-south to optimize sunlight collection.   

Balance with other daylight. At a minimum, this scheme should be combined with view windows in 
perimeter walls. Since the toplighting aperture can provides very uniform daylight throughout the space, 
smaller windows can be judiciously spaced in exterior walls to optimize views, and save valuable wall 
space for other needs. The total glazing area should be apportioned among these needs.  

Integration with HVAC. Placement of skylights and monitors and their associated light wells must be 
coordinated with the location of rooftop HVAC equipment and interior duct runs. Skylights should be kept 
way from rooftop maintenance areas.  

Integration with mechanical ventilation. If the toplighting fenestration is operable, it could be used to 
naturally ventilate the space. Evaluate the thermal stratification of air in the space and prevailing wind 
conditions to assess the feasibility. 

Integration with structural system. Skylights and monitors interrupt the roof diaphragm and structural 
system. Their size and location may be limited by this and must be coordinated with the structural 
system to maintain its strength and integrity.  

Safety and security. Toplighting scenarios on relatively flat roofs have both safety and security issues 
that should be considered. Check the Daylighting Design Considerations in the on-line Appendix for 
further discussion of these.  

http://www.eley.com/chps/manual


 Guideline LG6: Patterned Toplighting Lighting and Daylighting 

 

CHPS BEST PRACTICES MANUAL DESIGN  © 2006 CHPS, INC 269 

 

Cost Effectiveness 

Costs for patterned toplighting range from low to high, depending on design. A grid of 
skylights in an exposed ceiling will be the least expensive; a suspended ceiling requires 
additional skylight wells and splays which can double the cost; monitors with reflecting 
devices are likely to be the most expensive due to additional structural and finishing 
costs.  

Costs include the expense of the skylight or monitor device; rooftop installation; curbs and 
waterproofing; interior well construction and finish; and electric lighting controls to switch or dim in 
response to daylight.  

A patterned daylighting system that provides uniform illumination across the space combined with 
automatic daylight control of the electric lights can save 40% to 80% of the electric lighting energy use in 
the space during daylight hours.  Properly sizing the skylights or roof monitors will minimize impacts on 
the heating and cooling loads of the building and provide net whole building energy savings in every 
California climate. 

Benefits 

Patterned toplighting provides a high level of benefits. This approach creates even, balanced, low-glare 
daylight across the space, which has been associated with better student performance 

This approach saves electric lighting energy if the electric lights are switched off or dimmed in response 
to the daylight. Savings may be 40% to 80% during daylight hours.   

Operable louvers can provide variable amounts of daylight for different activities. Operable skylights or 
monitor glazing can provide the top outlet for a natural ventilation scheme that draws fresh air in through 
a lower aperture. Natural ventilation may improve student performance, and has been correlated with 
lower energy use in schools. 

Design Tools 

The computer lighting simulation programs and scale models described in this chapter’s Overview can 
be used to demonstrate daylight distribution and resultant daylight levels. If the design includes sloped 
surfaces, check to ensure the simulation program can handle this.  

The SkyCalc program can be used to optimize the size and specification criteria of skylight schemes, 
looking at annual whole building energy use. DOE-2 should be used to simulate annual energy use for 
roof monitors or designs with vertical glazing.  
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Design Details  

General 

Visible transmittance: Use high visible transmission glazing materials (greater than 60%) to maximize 
daylight while minimizing the size of the glazed area with its relatively low U-factor.  

Diffusion: Diffuse the daylight with diffusing glazing or baffles.  If using clear glazing, design baffles or 
reflectors to cut off all expected sun angles. Avoid placing vertical diffusing glazing within the normal 
field of view. Diffusion of daylight can be increased with white painted wells and/or by adding additional 
diffusing glazing at the bottom of the light well.  

Splayed light wells: When placing skylights in a space with a hung ceiling, splay the bottom of the light 
well walls to spread the daylight more effectively in the space and reduce glare. A 45° angle works best.  

Reflectance: A light well connects the upper aperture with the ceiling plane of the classroom. Light well 
walls should be highly reflective (>80% reflectance). Bright white flat paint works best. Diffusely 
reflecting light wells should be as wide and short as possible. Specular reflecting wells can be used 
when deep or narrow wells are necessary, but should be combined with a diffusing panel at the base of 
the well.  

Insulation: Insulate light well walls to minimize thermal losses and reduce condensation. Use an R-value 
at least equivalent to the code requirement for wall insulation. 

Daylight illumination levels: Many school districts request “black-out” capability, especially for 
multipurpose rooms which may be used for performances. Most often in these cases it is sufficient to 
dim the daylight to low ambient levels.  Operable louvers or roller blinds can be added to to modulate the 
daylight levels.,  For small rooms with low ceilings these can be operated with manual pulls or cranks.  
For very large rooms and/or those high ceilings motorized controls are recommended.   

Safety and security: A safety/security grating can be placed in light wells directly under the glazing to 
protect against falls and vandalism. (Light control louvers or baffles can also serve this function.) Paint 
the grating white to minimize its visual presence.  

Leakage: All roof penetrations have leakage liabilities. Use well-tested curb design details and flashing 
kits provided by the manufacturer. 

H 

1.5 H .5 H 

 

Figure 72—Skylight Grid Spacing 
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Skylight Grid 

As a rough rule of thumb, skylights should be spaced from about one to one-and-a-half times the floor-
to-ceiling height (H in Figure 72 above). Their glazing area should be about 3% to 12% of the floor area 
to be lighted. (Use SkyCalc or other tools to optimize the design.)  

Series of Monitors  

Orientation is very important for roof monitors.  Roof monitors facing south can have the smallest glazing 
area, but should have baffles, reflectors and or shading to diffuse direct sunlight.  Roof monitors facing 
north will provide the most uniform illumination throughout the day, but need to have a substantially 
larger glazing area to provide similar light levels.  High performance glazing with high visible light 
transmittance, should be used in both cases.  South facing monitors should use a lower SHGC (less 
than 0.45) to reduce solar gains in the cooling season.  North facing monitors should optimize the U-
value of the glazing and roof assembly to minimize heat loss.  Avoid roof monitors with glazing oriented 
east or west; they will show large variations in light level from morning to afternoon, and provide poor 
energy performance. 

Operation and Maintenance 

Clean glazing on a regular schedule. Horizontal glazing needs more frequent cleaning in climates with 
low rainfall.  

Mechanisms for operable louvers and blackout shades should be robust, accessible to the instructor, 
and easily repaired.  

Commissioning 

Check that operable louvers and shades are working. Set angles of adjustable louvers or baffles to 
eliminate direct sun penetration.  

References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG7: LINEAR TOPLIGHTING  
Recommendation 

Use linear toplighting as a single downlighting 
element in a long, linear space (such as a corridor) 
to direct movement or establish a visual orientation. 
Use it on two sides of a space to define separate 
functions or activities, to define edges in a larger 
space, and/or to downlight the space from two 
directions.  

Description 

Linear toplighting is a downlighting scheme that 
provides a line of high intensity daylight directly 
under it, which diminishes as an individual moves 
perpendicularly away from it. It establishes a strong 
longitudinal orientation in the space and is best 
coupled with a corresponding circulation pattern or 
linear visual cue. It is most efficient at distributing 
the daylight broadly when located as high as 
possible, such as along the ridge of a gable roof (as 
in photo to right). 

Linear toplighting can be created with skylights 
arranged in a row, or roof monitors.  Skylights will 
provide the most uniform levels of daylight through 
out the year.  South facing roof monitors can be 
designed with shades and reflectors that maximize 
winter daylight and minimize summer heat gain.   

Applicability  

This daylighting pattern is useful for enclosed 
hallways and linear walkways within a larger space, 
or for use bilaterally to frame centrally focused areas like gymnasiums, libraries, and multipurpose areas. 
Linear toplighting may also be used in covered exterior walkways to minimize their shadow, especially in 
covered walkways adjacent to rooms with sidelighting.  

 

Figure 73—Linear Skylight  

Daylight spreads to adjacent spaces and organizes the 
circulation 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast  Programming

Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.
Gym Mountains  Contract Docs.

Corridors Desert  Construction

Administration   Commissioning
Toilets   Operation

Other   
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Applicable Energy Codes 

The California Energy Code specifies the minimum performance of fenestration products and it limits 
skylight area to a maximum of 5% of the exterior roof area (unless they are over a high atrium).  

The 2005 standards prescriptive glazing requirements mandate double glazed skylights throughout the 
state. Specific prescriptive requirements change relative to glazing area, glazing and curb type, and 
climate zone location, The performance approach provides more flexibility, with trade offs between more 
or less aggressive glazing performance and other energy features of the building.  

Fifty percent of the electric lighting power within the daylit zone, as defined by the code, must be 
separately circuited and switched. When the continuous daylight area is greater than 2500 ft2 the 
automatic daylighting controls are required.  

Very large spaces, with continuous open areas greater than 25,000 ft2 and with ceilings above 15 ft high 
require the use of diffusing skylights combined with automatic daylight controls for the base case design.  
For school districts, this is most likely to apply to large field houses, or maintenance sheds.  

Integrated Design Implications 

This toplighting scheme applies to single-story buildings or the top floor only of a multistory building. It 
should be integrated with the site plan, building massing and circulation pathways, and thus should be 
planned for in the schematic design phase. This approach is best applied in coordination with the roofing 
plan of the building, and works well with sloped roofs. 

Balance with other daylight. Since overall glazing area is limited, the amount of glazing in a linear 
toplighting scheme must be balanced with the need for view windows and other apertures in the space.  

Integration with electric lighting. Electric lighting should be aligned with the toplighting without blocking it 
or causing shadows on the floor.  Electric lighting circuits should be laid out parallel to the daylight 
contours, so that each circuit can be progressively switched off or dimmed when there is ample daylight 
underneath.   

Integration with structural system. Skylights and monitors can interrupt the roof diaphragm and structural 
system. Their size and location may be limited by this and must be coordinated with the structural 
system to maintain its strength and integrity. A monitor system will involve more structural See 
Daylighting Design Considerations in the on-line Appendix for more about integrating toplighting with 
structural systems. 

Integration with HVAC. Placement of the linear toplight and its associated light well must be coordinated 
with the location of rooftop HVAC equipment and interior duct runs. Interruptions in the linear run of this 
toplight may be required to accommodate these other needs. The interruptions should be sequenced in 
a regular manner to prevent a random pattern of light and dark.  

http://www.eley.com/chps/manual
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Integration with mechanical ventilation. If the toplighting fenestration is operable, it could be used to 
naturally ventilate the space. Evaluate thermal stratification of air in the space and prevailing wind 
conditions to assess the feasibility.  

Integration with interior design.  This daylighting strategy will be most effective if the adjacent wall and 
ceiling surfaces are painted white or a very light color.  Partitions or high obstacles in the space (such as 
library stacks) should run perpendicular to the linear daylighting, in order to allow the furthest spread of 
the daylight and avoid creating shadows.   

Safety and security. Toplighting scenarios on relatively flat roofs have both safety and security issues 
that should be considered.  

Cost Effectiveness 

Costs for linear toplighting range from moderate to high, depending on design. A linear 
row of skylights will be the least expensive; monitors with reflecting devices will be more 
expensive. Costs include the expense of the skylight or monitor device; rooftop 
installation; curbs and waterproofing; interior well construction and finish; and electric 
lighting controls to switch or dim in response to daylight.  

Benefits 

Linear toplighting provides a high level of benefits. This approach creates bright, welcoming corridors 
that link important functions in the building. It can provide a strong visual cue for circulation that 
guarantees daytime egress lighting independent of electric power. In a bilateral scenario, it can provide 
balanced daylighting that graduates from high at the perimeter to moderate between the two linear 
toplights. 

This approach saves electric lighting energy if the electric lights are switched off or dimmed in response 
to the daylight. Savings may be 40%–80% during daylight hours.  

Operable louvers can provide variable amounts of daylight for different activities. Operable skylights or 
monitor glazing can provide the top outlet for a natural ventilation scheme that draws fresh air in through 
a lower aperture. Natural ventilation may improve student performance, and has been correlated with 
lower energy use in schools. 

Design Tools 

The computer simulation programs and scale models described in the Overview can be used to 
demonstrate daylight distribution and resultant daylight levels. If the design includes sloped surfaces, 
check to ensure the simulation program can handle this. The SkyCalc program can be used to optimize 
the size of a skylight scheme.  
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Design Details 

Visible transmittance. Use high visible transmission glazing materials (greater than 60%) to maximize 
daylight while minimizing the size of the glazed area with its relatively low U-factor. Alternatively, larger 
areas of low-transmission glazing with high insulation levels, such as insulated fiberglass panels, may be 
used successfully. The balance between visible transmittance and insulation levels is best studied with 
an hourly climate simulation software tool.  

Glazing area vs. floor area. Use a glazed area of about 3% to 12% of the floor area. Use the lower end 
of this range for spaces with high air conditioning or heating loads, and the higher end for temperate 
climates with more overcast weather, or when using highly insulated panels.  

Circulation. When applicable, coordinate linear toplighting with major circulation areas in the school. 
Increase light levels at major intersections and hallway ends to draw students in that direction.  

Diffusion. Either diffuse daylight or direct sun may be used in circulation and transition areas. Daylight 
diffused with translucent glazing or baffles will spread the daylight evenly in the space, making the most 
effective use of the light. Occasional patches of direct sun can create a vibrant splash of light to 
emphasize major intersections and circulation spines. Some designs have successfully combined 
patterns of diffusing glazing with smaller areas of transparent glazing to animate a circulation space.  

Glare control.  Structural elements or banners mounted perpendicular to the glazing will help diffuse the 
daylight and reduce the contrast between bright, sunlit glazing and the interior space.  Baffles can be 
designed to help bounce direct sunlight and minimize glare.  

Shared daylighting. Consider sharing diffuse corridor daylight with adjacent spaces by glazing the upper 
portion of the wall. Avoid this in areas where acoustic separation is important. In multistory buildings, 
consider sharing daylight from the top floor corridor with the lower floor by periodically cutting light wells 
to the lower level. Daylight illumination levels from these strategies will be modest at best, but still 
contribute to a sense of lightness and transparency in the building design.  

Splayed light wells. For diffusing skylights with deeper, narrow light wells, splay the light well walls to 
spread the daylight more effectively in the space and reduce glare. A 45° angle works best. 

Insulation. Insulate light well walls to an R-value at least equivalent to the code requirement for wall 
insulation to minimize thermal losses and reduce condensation. 

Safety and security. A safety/security grating can be placed in the light well under the glazing for this 
toplighting scheme. (Light control louvers and baffles can also serve this function.) Make sure this 
grating does not create a shadow pattern on the wall. Paint the grating white to minimize its visual 
presence.  

Leakage. All roof penetrations have leakage liabilities. Use well-tested curb design details and flashing 
kits provided by the manufacturer. 
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Operation and Maintenance 

Clean glazing on a schedule. Horizontal glazing (and clear glazing) needs more frequent cleaning in 
climates with low rainfall.  

Spiders love high bright spaces, so provide a way to remove spider webs if they accumulate.  

Commissioning 

Check that operable louvers and shades are working. Set angles of adjustable louvers or baffles to 
eliminate direct sun penetration.  

References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG8: 
TUBULAR SKYLIGHTS 

 

Recommendation 

Use tubular skylights for toplighting in areas with 
relatively deep roof cavities and for low-cost retrofits 
to existing spaces with a suspended ceiling.  

Description 

Tubular skylights are small clear-domed skylights 
with mirrored reflective ducts connecting them to the 
ceiling plane of the space. They have an interior 
diffuser at the ceiling plane to spread daylight in the 
space. They are typically designed to fit between 
the framing of the roof, so that structural 
modifications are not necessary.    

Applicability  

Tubular skylights are especially good for small 
spaces, such as toilet rooms, locker rooms, 
kitchens, interior corridors, enclosed staff work 
areas, and other interior spaces that are 
sporadically occupied. They are also good for 
retrofit into an existing school space that needs 
extra daylight or needs to balance an existing 
asymmetric daylight distribution.  

These units will work significantly better in clear sky 
climates than in overcast climates. As the duct gets 
longer, less daylight is delivered; so they should be 
limited to spaces with roof cavities of 8 ft or less.  

 

 

Figure 74—Tubular skylight.   

Source: Solatube, Inc. 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast  Programming
Library North Coast  Schematic

Multi-Purpose Cafeteria Central Valley  Design Dev.

Gym Mountains  Contract Docs.
Corridors Desert  Construction

Administration   Commissioning

Toilets   Operation
Other   
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Applicable Codes  

The California Energy Code specifies the minimum performance of fenestration products and it limits 
window area to a maximum of 5% of the exterior roof area.  

Integrated Design Implications 

Integration with site plan. This toplighting scheme applies to single-story buildings or the top floor only of 
a multistory building. It should ideally be planned for in schematic design, although of all daylighting 
options considered in this manual, tubular skylights are the easiest to add to an existing building.  

Ceiling heights.  Tubular skylights will diffuse daylight to a larger space the higher they are located in a 
space.  When ceilings are below 9’ high, consider adding a “splay” at the bottom of the tube to allow the 
daylight to spread out more broadly    

Balance with other daylight. At a minimum, this scheme should be combined with view windows in 
perimeter walls. Since the toplighting aperture provides most of the ambient daylight, smaller windows 
can be judiciously spaced in exterior walls to optimize views and save wall space for other needs..  

Integration with HVAC. Placement of tubular skylights must be coordinated with the location of rooftop 
HVAC equipment and interior duct runs. Although the reflective ducts can jog somwhat to avoid barriers 
in the ceiling plenum space, the efficiency of daylight delivery is reduced with each bend.  

Integration with structural system. 
The small diameter of these units 
reduces their impact on the 
structural system relative to larger 
framed skylights. They are typically 
designed to fit between framing 
members, thereby reducing the 
need for specially blocking  As with 
any roof penetrations, the 
structural engineer should review 
the impact on the roof’s structural 
integrity. See Daylighting Design 
Considerations in the on-line 
Appendix for more on integrating 
toplighting with structural systems.  

Integration with electric lighting. 
Tubular skylight should be placed 
on an appropriate grid to provide 
uniform illumination in the space.  
This should be carefully integrated 

 
Figure 75—Tubular Skylights in Interior Office 

Skylight diffuser panel fits into a standard suspended ceiling system. Special 
lenses distribute the daylight broadly, as seen on the far wall.  Source: 

Solatube. 
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with the placement of electric lights, so that placement of both are optimized.  Typically there will be 
fewer tubular skylights than electric luminaires for an equivalent amount of light in a space. Electric lights 
should be on automatic controls so that they are switched off or dimmed when there is sufficient daylight 
in the space (see Guideline E4 on lighting controls).  

Safety and security. Unless these skylights are larger than 16 in. in diameter, they should not pose a 
security liability. They should be located to the roof to avoid a tripping hazard to maintenance crews.  

Cost Effectiveness 

For smaller spaces like hallways and offices, 10 in. and 14 in. diameter tubular skylights 
cost approximately $300 and $400 (not including installation costs), respectively. Larger 
22” tubular skylights are available that provide daylight illumination comparable to a 2 ft x 
2 ft unit skylight.  While cost per square foot of aperture are high compared to unit 
skylights, savings can be had in simplifying installation and minimizing structural impacts.  

Benefits 

Tubular skylights provide a moderate level of benefits. This approach provides daylight “fixtures” that 
deliver daylight through a ceiling plenum to an interior space. Arranged in an appropriately dimensioned 
grid, they can provide even, balanced daylight across the space. As with 
any daylighting system, daylight levels and appearance will fluctuate with 
time of day and climate conditions. Daylight in classrooms has been 
correlated with higher standardized test scores. See this chapter’s 
Overview for details. 

This approach saves electric lighting energy if the electric lights are 
switched off or dimmed in response to the daylight. Savings may be 20% 
to 60% during daylight hours, depending on the aggressiveness of the 
daylighting and lighting control systems.  

Design Tools 

The specular reflective tube makes it difficult to simulate the performance 
of these skylights with physical scale models and computer tools. Local 
case studies, test installations, and estimating tools from the 
manufacturers currently are the best tools for evaluating performance. 
Designers should take note that some manufacturers of tubular skylights 
have made exaggerated claims about both daylight delivery and R-value 
of their products.  

Energy performance of these skylights is also handicapped by the lack of verified U-factor and SHGC 
data. A few manufacturers are starting to engage third party testing labs to verify the performance of 
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Figure 76—Solar Tube 
Skylight 

Photo taken by Bullard, Kent, of 
the National Park Service. 

Courtesy NREL PIX 05546. 
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their products. Others have created in-house computer simulations of their thermal and photometric 
performance, the next best alternative. As this information becomes available, hourly building energy 
evaluation programs like DOE-2, EnergyPlus, and Energy-10 can be used to evaluate the annual energy 
impacts.  

Design Details 

Length and bends. Minimize the overall length and minimize bends in the reflective duct running from 
the skylight to the ceiling plane.  

Reflective ducts. Use a product with a highly reflective cylindrical duct. Do not use a corrugated duct; the 
corrugations trap light. Minimize bends and joints.  

Half dome vs. full dome. In predominantly sunny climates, use a tubular skylight with a south-facing, 
reflective half-dome under the skylight “bubble” to increase the reflection of low angle sun into the 
skylight (see Figure Figure 77—Section of Reflective Half Dome below). Special lenses or geometric 
shapes can also help to catch low angle sun and direct it downward. The average elevation of the sun in 
California is about 30 degree above the horizon, Furthermore, daylight is more valuable in the morning 
and evening at low sun angles, so maximizing the penetration of low angle sun is an important feature. 
In predominantly overcast climates, use a full clear dome. 

Diffusers. Some products have a flat bottom diffuser that fits into a standard 2 ft 
x 2 ft or 2 ft x 4 ft dropped ceiling grid. It is important that the diffusers minimize 
glare to the room occupants, especially on the brightest, sunniest days.  
Dropped or pyramid diffusers can become excessively bright under these 
conditions.  Diffusers with a special Fresnel lens are available that help diffuse 
the daylight widely and minimize glare.    

Daylight dampers.  Some products have integrated dampers inside the tube 
that control the amount of daylight delivered to the space.  These dampers can 
be on manual or automatic control.  They will add to the cost of the system, so first be sure that they are 
really necessary.  When dampers are needed, manually controlled dampers are recommended for their 
simplicity, lower cost, and ease of occupant control and maintenance.   

Integral electric lighting.  Some products have electric lighting within the duct or diffuser that is switched 
or dimmed in response to the available daylight. Such electric devices will lower the efficiency of the 
daylight distribution, and also are rarely optimum for electric light distribution.  Thus, they are only 
recommended when there is not sufficient ceiling space to install both a tubular skylight and a luminaire.  
Special coordination is needed for both installation and maintenance when there are electric wires to 
connect.    

Insulation. For ducts installed in uninsulated ceiling or attic spaces, insulate the duct to an R-level at 
least equivalent to the code requirement for air ducts to minimize thermal losses and reduce 
condensation.  

 

Figure 77—Section of 
Reflective Half Dome 
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Leakage: Any roof penetration has the potential for leaks. Use well-tested curb design details and 
flashing kits provided by the manufacturer. Check with other customers on their experience with the 
particular product.  A warrantee by the general contractor is recommended.  

Operation and Maintenance 

Clean glazing on a schedule, especially in dry, dusty climates. Dust and bird droppings on the skylight 
dome are the biggest cause for reductions in daylight transmission.  

If the diffusers at the bottom of the tube are not air tight, the skylight tubes should be checked 
periodically for dust or moisture accumulation.  

Commissioning 

Any dampers or electric lighting on automatic controls need to be commissioned, and their performance 
verified.  

If a solar reflector is installed in the skylight dome, it should be checked for proper orientation.   

References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG9: CLASSROOM LIGHTING—
CONVENTIONAL TEACHING 
Recommendation 

For general illumination in a conventional 
classroom, provide a flat, white acoustical tile or 
wallboard ceilings at least 9 ft 6 in above the 
finished floor, and then employ suspended lighting 
systems with at least some portion of the lighting 
being indirect. This lighting system should operate 
at lighting power density of 0.80-0.90 W/ft² if used 
with supplemental whiteboard lighting (see 
Guideline LG11: Teaching Board Lighting), and 
0.85–0.95 W/ft² without additional lighting systems.  
Choosing among the many options includes 
consideration of the grade level, teaching 
technology, budget and white board relevance. 

Description 

The recommended lighting system consists of either 
two or three rows of suspended linear fixtures. 
These lighting systems are typically suspended 
from the ceiling by 15-18 in. depending on the 
specific luminaire.  Products are available with a 
wide range of quality, performance and appearance.  
For projects on tight budgets, formed steel indirect luminaires are sufficiently inexpensive and efficient to 
compete with parabolics and many other types of lay-in direct lighting.  For projects with slightly higher 
budgets, designers can choose from a variety of attractive, high performance lighting systems.  
Applicability 

Pendant mounted lighting is appropriate for all classrooms, libraries, multi-purpose spaces, and 
administration spaces.  

Applicable Codes 

See the Applicable Codes section in the Overview. The California Title 24 Energy Code (2005) limits the 
lighting power per classroom to 1.2 W/ft². Even with supplemental blackboard lighting, the recommended 

 

Figure 78—Indirect/Direct Lighting System 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast  Programming
Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.

Gym Mountains  Contract Docs.
Corridors Desert  Construction

Administration   Commissioning

Toilets   Operation
Other   
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system results in a connected load is still under 1.0 W/ft2. Title 24 also requires switching (see Guideline 
LG12: Lighting Controls for Classrooms). 

 

   

Figure 79—Three common generic luminaire styles typically used in classrooms 

Photos courtesy of Finelite, Inc 

Integrated Design Implications 

Suspended lighting systems can work well with almost all ceiling systems that are at least 9 ft-6 in. high. 
However, ceilings with dark stained wood or dark colored paint must be avoided. For direct/indirect 
luminaires, ceilings should be light colored; for indirect fixtures, ceilings must be white or off-white, as 
should upper walls. A direct/indirect luminaire with a greater percentage of downlight (50% or more) 
should be used for rooms with extremely high ceilings, such as above 14 ft. Note that for maximum 
efficiency with indirect and semi-indirect lighting systems, it is best to employ ceiling systems with very 
high reflectivity. Modern white paints and certain ceiling tiles with reflectance of 90% or greater can 
dramatically increase system performance. 

Pendant indirect or direct/indirect lighting systems are particularly well suited for integration with daylight 
systems, since both approaches require higher ceilings and the use of secondary reflective surfaces. In 
daylit rooms, pendant systems should be run parallel to the primary windows or daylight source, so that 
they can be switched or dimmed in response to daylight gradients. In a classroom, three rows of 
pendants will allow a more gradual response to daylight than just two rows. Daylight controls can then 
switch or dim each row separately. 

Cost Effectiveness 

Suspended lighting systems costs are shown in Table Table 18—Indirect/Direct Lighting 
Costs. Suspended lighting systems provide a high degree of cost effectiveness in most 
applications. Non-dimming, indirect steel luminaires are the lowest cost, but optimum 
solutions are generally steel luminaires with steel or plastic louvers providing 35%–50% 
downlight. 
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Table 18—Indirect/Direct Lighting Costs 
Lighting System Type Cost per Lineal Foot, Installed* 
Competitive Steel Indirect Luminaires, T-8 Lamps, Non-dimming $35 
Competitive Steel Semi-indirect Luminaires with Louvers, T-8 Lamps, Non-dimming $40 
Steel Direct/Indirect Luminaires with Louvers, T-8 Lamps, Non-dimming $45 
Extruded Aluminum Luminaires with Louvers, T-5 or T-5HO Lamps, Non-dimming $50 
Add for Dimming Ballasts Using Standard 0–10 volt type $12–$15 
*Approximate cost to owner, including labor, materials, overhead, profit, and costs of construction for lighting, including luminaires, 
lamps, and suspension hardware. Includes connecting luminaire to branch circuit. Controls and branch circuit costs not included. 
Based on January 2005 prices. Costs can vary depending on market conditions. 

Benefits 

Suspended lighting systems generally offer an optimum combination of efficiency and visual comfort, 
and make excellent use of the low-cost, widely used T-8 lamp system. Systems operating at about 0.85 
W/ft² to 0.9 W/ft² will generate between 30 and 50 footcandles throughout a typical classroom with 
excellent uniformity.  

Design Tools 

See the Overview section of this chapter. 

Design Details 

This type of lighting provides good, general lighting throughout the room and is suitable for most types of 
classroom work. It may be necessary to provide separate chalkboard illumination (see Guideline LG11: 
Teaching Board Lighting), especially if the suspended lighting system is dimmed. Be certain to employ 
the high performance T-5, T-5HO or T-8 lamp and ballast systems (see Electric Lighting Primer earlier in 
this chapter).  Choice of color is important but not a major issue. Use 830 or 835 lamp colors to favor 
skin tones and to counteract cold gray environments, but also consider 841 and even 850 lamps in 
warmer climates. For non-dimming applications, luminaire light and power can be varied through choice 
of ballast factor.  
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Figure 80—Classroom Pendant Mounted Options 

This classroom design may use either two or three rows of suspended fluorescent luminaires.  
An optional blackboard light can be mounded at the teaching wall.  

Either a two-row or three-row system can meet recommended lighting levels with properly chosen 
luminaires, lamps and ballasts (see Table 41). However, many other options exist and should be 
considered.   

Table 19—Design Details for Indirect Lighting Systems 
Two Rows of Suspended Lighting Three Rows of Suspended Lighting 
Option A Option B Option C Option D Option E Option F 
Indirect Direct/indirect Semi-indirect Indirect Direct/indirect Semi-indirect 
2-F32T-8 per 4 ft 

section 
1-F54T-5HO per 4 

ft section 
2-F32T-8 per 4 ft 

section 
2-F32T-8 per 4 ft 

section 
1-F54T-5HO per 4 

ft section 
2-F32T-8 per 4 ft 

section 
High Ballast factor High Ballast Factor High Ballast Factor Low Ballast Factor Normal ballast 

factor 
Low ballast factor 

0.9 W/ft² 0.88 W/ft² 0.9 W/ft² 0.9 W/ft² 1.12 W/ft² 0.9 W/ft² 

Operation and Maintenance Issues 

Luminaires should be cleaned annually. Open louvered luminaires, especially using plastic louvers, 
require less cleaning and are the most tolerant of poor maintenance and abuse. Indirect fixtures require 
more regular cleaning and dusting.  

As with all fluorescent systems, lamps should be replaced at approximately 12,000 to 16,000 hours of 
operation, which, with normal school use, could be as seldom as every six years. (Use of certain lamps 
and ballasts can extend this period to 20,000 to 22,000 hours).  
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Commissioning  

No commissioning is needed, other than pre-seasoning of lamps in dimming applications. 

References/Additional Information 

See the Overview section of this chapter, and: 

Windsor High School, Windsor CA. Windsor Unified School District. Quattrocchi / Kwok Architects. 
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GUIDELINE LG10: MULTI-SCENE CLASSROOM 
LIGHTING 
Recommendation 

For classrooms in which advanced teaching 
technology like video and computer projection are to 
be used, use indirect/direct lighting systems that 
provide two scenes: one for general lighting and one 
in which stray light is controlled to permit maximum 
screen contrast.  This approach may also be used for 
all classroom types and is valid in primary 
classrooms where the ability to create a darkened 
room, such as for student calming and story time is 
desired.  Employ pendant luminaires similar to 
Guideline LG9: Classroom Lighting—Conventional 
Teaching, but equipped with optical controls and/or 
dimming ballasts allowing relatively precise low light 
level settings. The general lighting system should not 
exceed 0.85–0.95 W/ft², and the highly controlled 
lighting system should use less, with switching to 
prevent simultaneous use. 

Description 

This recommended system incorporates a semi-indirect lighting system as described in Guideline LG9: 
Classroom Lighting—Conventional Teaching, plus a separate direct system by partitioning the luminaire 
and separately switching the two sections.  The lighting system is controlled so it operates in indirect 
mode or direct mode, but not both at the same time. The necessary room darkening can be achieved 
without dimming.   

The recommended luminaire has two compartments:  a general lighting compartment, in which two 
lamps produce semi-indirect lighting, and a downlight compartment, in which one lamp produces highly 
controlled light suitable for AV and note-taking.   

 

Figure 81—Multi-Scene Luminaire 

Left, direct; Right, Semi-Indirect 

Applicable Spaces  Climates  When to Consider 

Classrooms  South Coast  Programming

Library  North Coast  Schematic
Multi-Purpose / Cafeteria  Central Valley  Design Dev.

Gym  Mountains  Contract Docs.

Corridors  Desert  Construction
Administration    Commissioning

Toilets    Operation

Other    
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Figure 82—Dual Mode Classroom Lighting System  

The PIER Classroom Lighting System’s Two Scenes:  (Left) the Low Light Level Scene, suitable for 
video screen and “quiet time”; (Right)  the High Light Level Scene without daylight, suitable for general 
teaching.  Source: Architectural Energy Corp./PIER 4.5 Project Report 

The key to achieving a suitable design is, to reduce the ambient light level on the projection screen to 5 
vertical footcandles or less.  Almost any daylighting will create too much vertical illumination so the 
ability to darken the room using window shades is critical.   

Applicability 

This guideline is suitable for any classroom, lecture hall, commons area, multi-purpose room, seminar 
room, or other teaching space where two different lighting scenes are needed for Audio visual 
presentations, or for creating space with distinct moods needed for room uses. 

Applicable Codes 

The 2005 California Title 24 energy efficiency standards limit the amount of lighting power per classroom 
to 1.2 W/ft², so this recommendation complies as long as the general lighting system and downlighting 
system are never energized at the same time.  Title 24 also requires switching (see Guideline LG12: 
Lighting Controls for Classrooms). 

Integrated Design Implications 

This type of lighting should only be used in flat light colored (white) ceilings at least 9’6” above finished 
floor.  

This system lends itself to three principal control scenes as follows: 

 Night, general lighting scene.  All general lighting system lamps “on”. 
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 Daytime, general lighting scene.  General lighting system lamps affected by available daylight, 
either switching or dimming.  It is possible to create switched daylighting scenes by switching 
luminaire rows and/or by switching rows of lamps. 

 Any time, low level scene.  General lighting system is off and the downlight lamps are on or on with 
possible dimming controls.   

Cost Effectiveness 

Overall the system is very cost effective compared to other options. Some products are 
available with integrated controls (built into the luminaires) so wiring is simplified.  

Benefits 

This lighting system provides all necessary flexibility in a unified solution that meets energy efficiency 
goals.  It is possible to achieve these results with many lighting designs, but in most cases the result will 
be higher costs, less integration and the possibility of loss of functionality. 

Design Tools 

See the Overview section of this chapter. 
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Design Details 

 

Figure 83—Dual Mode Lighting System 

To coordinate with a ceiling mounted computer video projector, two rows of luminaires are 
recommended for classrooms up to about 30 ft wide.  (For larger classrooms, consider these principles 
and make the necessary adjustments.)   
 

Design Scheme “A” Design Scheme “B” 
Luminaires with separate general lighting and 

AV lighting compartments 
Direct/indirect luminaire with parabolic louver 

downlight and high efficiency uplight 
(2) F32T-8 lamps per 4 ft section for general 

lighting using a high ballast factor efficient 
electronic ballast 

(1) F54T-5HO lamp per 4 ft section using an 
electronic dimming ballast 

(1) F32T-8 lamp per 4 ft section for AV lighting 
using a normal ballast factor efficient 
electronic ballast or a dimming ballast 

No other lamps.  Consider separate switching 
for the luminaires at the end of the rows 
nearest the screen 

 

This design assumes that the video projector is rated about 3000 ANSI lumens and it produces a full 8 ft 
x 6 ft screen video image of at least 10:1 contrast.  Smaller projectors can be used but screen size or 
image size must be reduced proportionately. 
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Operation and Maintenance Issues 

Luminaires should be cleaned annually. As with all fluorescent systems, lamps should be replaced at 
approximately 12,000 to 16,000 hours of operation, which, with normal school use, could be as seldom 
as every six years (consider premium lamps and specific lamp/ballast systems for even longer life and 
less maintenance).  

Commissioning  

See Guideline LG12: Lighting Controls for Classrooms for more discussion about commissioning.  With 
integrated control elements like motion sensors and daylighting sensors, luminaire pre-wiring and factory 
installed quick connectors can ensure error free field connections, virtually eliminating troubleshooting 
controls wiring issues. 

References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG11: TEACHING BOARD LIGHTING 
Recommendation 

In schools where the teaching board (white board, 
gray board, greenboard or blackboard) is a 
principal teaching medium, consider adding 
lighting specifically for it.  Encourage the use of dry 
erase boards (white boards or gray boards) in 
order to reduce lighting energy needs. 

Description 

The selection of a luminaire suited for the 
application requires careful consideration of 
location, aiming angle, and candlepower.  The 
objective is to achieve at least 15–20 average 
vertical footcandles with uniformity across the 
board of 6:1 maximum to minimum or better.   (For 
a chalkboard, the objective is to achieve 45–50 
footcandles, average.) 

It is not necessary to add a teaching surface light 
for dry erase boards when general illumination 
systems described inGuideline LG9: Classroom 
Lighting—Conventional Teaching are used.  These 
general lighting systems will create 15–20 vertical 
footcandles on the teaching wall, which meets 
IESNA recommendations. Adding the teaching surface luminaire will add 20–30 vertical footcandles, 
giving the teaching surface a 2:1 to 3:1 contrast to the rest of the wall.  It is this contrast that provides the 
“attractor” effect described by scientists. 

Applicability 

This guideline can be applied to chalkboards and dry erase boards in all applications.  Note that a switch 
near the board is advisable so that the teacher can regulate use. 

 

Figure 84—Various Linear Wall Wash Luminaires 

Top row courtesy Elliptipar, lower row courtesy Lightolie 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast Programming 

Library North Coast Schematic
Multi-Purpose / Cafeteria Central Valley Design Dev.

Gym Mountains Contract Docs.

Corridors Desert Construction
Administration  Commissioning

Toilets  Operation

Other   
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Applicable Codes 

The 2005 Title 24 energy efficiency standards limit the amount of lighting power per classroom to 1.2 
W/ft²; because this load can be concurrent with general lighting, its power must be included in load 
calculations. In a typical classroom with teaching board, assuming a 16-ft wide teaching surface 
luminaire, the approximate added load of this light is about 0.12 W/ft².  However, this load can be offset 
by reductions in overhead lighting. 

Integrated Design Implications 

The teaching surface luminaire needs to be coordinated with other elements occurring in the area of the 
teaching surface. For instance, it is desirable to coordinate the teaching surface luminaire with the video 
screen so that both might be used simultaneously. 

Cost Effectiveness 

It is a good idea to allow about $50 per linear foot, installed for a teaching surface light.  
The light does not have to run the full length of the teaching surface—for example, with a 
20 ft long teaching surface, a 16 ft long continuous board light centered on the teaching 
surface will usually be acceptable. 

Simply adding a board light to a general lighting system (Guideline LG9: Classroom Lighting—
Conventional Teaching) or an AV-oriented classroom lighting system (Guideline LG10: Multi-Scene 
Classroom Lighting) is recommended.  However, as described later under Design Details, it is possible 
to reduce the general lighting system and employ the teaching board light as part of overall illumination.  
This reduces the cost impact of a board light considerably.  In the example, 16 ft of board lighting is 
added and 8 ft of suspended lighting is deleted.  The cost per unit length is about the same for each 
system, so the net added cost of the board lighting is about $400 (8 ft x $50) per classroom. 31 

Benefits 

Studies have shown a correlation between illumination of the teaching surface and retention of 
information.  Researchers at the University of Illinois, Urbana, in studying the modern (2003) integrated 
classroom environment, determined that “attractors” aided in the learning process, and “detractors” had 
the opposite effect.  If the teaching board is used, additional lighting—with either normal lighting or in a 
dimmed setting for the rest of the room—serves as a significant “attractor”. 

                                                      
31  Approximate cost to owner, including labor, materials, overhead, profit, and costs of construction for lighting including luminaires, 

lamps, and suspension hardware. Includes connecting luminaire to branch circuit. Controls and branch circuit costs not included. 
Based on July 2000 prices. Costs can vary depending on market conditions. 
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Design Tools 

See the Overview section of this chapter. 

Design Details 

The specularity of dry erase boards is a major daylighting issue.  Boards should never be on a wall 
opposite a daylighting source, especially windows, unless extraordinary measures are taken to prevent 
glare on the board.  This is not nearly as true of chalkboards. 

 

Figure 85—Guidelines for the Position of Teaching Surface Lighting 

Modern dry erase boards (white and gray) and dry erase markers achieve significantly higher contrast 
and have the added benefit of positive contrast (dark letters, light background), all of which make the 
writing easier to see than chalkboards.  Moreover, the dust and smudging of chalkboards reduces the 
contrast even further, and for these reasons, the IESNA recommends much higher light levels for 
chalkboards than for dry erase boards.  

Boards that are too tall are almost impossible to light properly, forcing luminaires to be mounted too 
close to the board wall and therefore demanding extremely exacting candlepower.  Conversely, short 
boards are very tolerant of almost any time of lighting system designed to accentuate them. 

Evaluate the possible locations for luminaires by drawing a section similar to Figure 85.  Note that it may 
be acceptable to make a small compromise and permit a stripe of glare at the top of the screen for front 
row students, in order to use a luminaire mounted directly above the board and mounted from the wall or 
suspended from the ceiling.   
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The best locations for luminaires 12 in., 18 
in. and 24 in. out from the wall are shown for 
an 8 ft high teaching board and a 10 ft high 
ceiling.  With a lower ceiling, the locations 
relative to the wall remain the same, 
although the luminaire 2 ft away from the 
wall may end up having to be surface 
mounted or even recessed. 

 A wall arm bracketed luminaire will 
probably look best and create the 
greatest drama by only lighting the 
board, and keeping the wall above the 
board dark.  New T-5-based luminaires 
with extreme asymmetric optics make 
this approach feasible.  Keep in mind 
that the lower a luminaire on a wall, the 
more likely it will be damaged at some 
point.   

 A pendant mounted luminaire offers 
great mounting flexibility and, because it 
is suspended, some resilience in case it is struck.  However, a hanging fixture can clash 
aesthetically with the general lighting system.  

 A recessed luminaire is the safest approach, but its lighting effect will not be as dramatic as either of 
the other choices. 

Coordination of the light with a screen is an interesting opportunity.  Because of aspect ratios and 
computer data, most classroom screens will not be much larger than 8 ft, yet the board surface may be 
12–20 ft wide.  It is possible to have simultaneous use of both surfaces if the following considerations 
are addressed: 

Darkened room.  See Guideline LG10: Multi-Scene Classroom Lighting. 

No teaching board light on screen surface.  This can easily be accomplished by locating the lights 
behind the screen—this is where the new generation of board lights capable of being mounted 12 in. 
from the board is very handy.  To a lesser extent, switching off the section of board light in front of the 
screen can also work. 

It may be necessary to dim the board light in order to make the board illumination match the projection 
so that neither one dominates—although, in this condition, both will be very good  in.attractors in.. 

In Figure 87, the layouts from Guideline LG9: Classroom Lighting—Conventional Teaching have been 
modified to include a board light, and each row of general lighting luminaires has been shortened by (1) 

 

Figure 86—Recommended Teaching Surface Luminaire 
Locations 
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4 ft luminaire section.  The overhead lighting systems have been shifted towards the back of the room.  
The combination of indirect light from the general lighting system and the bounced light from the 
teaching wall compensates for the loss of light for the teacher and front row of students.  This design 
achieves approximately the same lighting power load and light levels as recommendations in either 
Guideline LG9: Classroom Lighting—Conventional Teaching or Guideline LG10: Multi-Scene Classroom 
Lighting, with slightly higher first cost.   

 

 

Figure 87—Integration of Teaching Surface Light with General Illumination 

Anything that reduces the lighting in the room, such as dark finishes or a ceiling of lower reflectivity, can 
easily result in an unacceptable lighting situation,  Even with an 80%+ white ceiling and light finishes, 
this design barely maintains 30 fc on all student desks.  But the added benefit of board lighting at low 
added cost is often worth the extra effort. 

Operations and Maintenance 

As with all fluorescent systems, lamps should be replaced at approximately 12,000 to 16,000 hours of 
operation (longer with certain lamps and lamp ballast systems), which with normal school use could be 
as seldom as every six years. Luminaires should be cleaned annually. Lensed luminaires require 
periodic cleaning and are occasionally abused. Open luminaires tend to require less maintenance. 

Commissioning  

No commissioning is generally needed. 
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References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG12: LIGHTING CONTROLS FOR 
CLASSROOMS 
Recommendation 

All lighting systems should be planned to allow 
teachers to choose multiple levels of illumination 
within the classroom. In addition to the multi-level 
illumination required by California’s Title 24 energy 
efficiency standards, additional options of separately 
controlling illumination levels on the teaching wall, 
near windows, and other critical tasks should be 
provided. This can be provided with dimming or multi-
level switching.   

Automatic controls should be used to reduce energy 
use whenever cost-effective, such as with occupancy 
sensors and automatic daylight photocontrols.  For 
the purpose of this guideline, we distinguish between 
two basic conditions: the average classroom and the 
daylit classroom.  

All classrooms: Provide manual-on, automatic-off 
bi-level occupancy sensors for the main classroom 
lighting. Provide separately switched additional task 
lighting for the teaching wall, or other special task 
needs, and place the controls for these task lighting circuits near the task.  Connect all classroom 
lighting to an upstream occupancy sensor.   

Daylit classroom: In addition, the electric lights in the daylight zone (as defined by the code) should be 
separately circuited and provide multiple levels of electric illumination, with either dimming or multi-level 
switching.  Provide the switch or dimmer controls for these lights near the window, rather than at the 
main classroom door. This way, a teacher first must walk over near the windows, and may choose not to 
turn on those lights if there is sufficient daylight. Connect to an automatic photocontrol when cost-
effective energy savings can be achieved.  

Description 

Classrooms are used for many varied purposes, and one size does not fit all for illumination levels.  With 
thoughtful planning, the provision of three or more illumination levels can dramatically increase the range 

 

Figure 88—Ceiling Mounted Photosensor 

Source: Evan Lesley 

Applicable Spaces Climates  When to Consider 

Classrooms South Coast  Programming

Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.
Gym Mountains  Contract Docs.

Corridors Desert  Construction

Administration   Commissioning
Toilets   Operation

Other   
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and flexibility of the use of classroom, allowing the teacher to use the lighting to both “set the stage” for 
various types or modes of learning and avoid unnecessary energy use.  

With the rapid evolution of audio-visual and computer-based teaching methods, it is difficult to predict 
what the lighting needs of classrooms may be 10 or 15 years from now. By providing a range of 
illumination options, the designer provides current teachers with more flexibility in their teaching options 
and allows for adaptation to evolving visual needs.  

As a minimum, all classrooms should employ motion sensors, preferably in conjunction with a switch 
that can turn lights off regardless of sensor “state”. For maximum flexibility, manual switches should be 
wired in series with the motion sensor relay so that lights can be turned off manually, regardless of 
whether there is motion in the room. 

The falling cost of dimming ballasts for T-8 lamps makes dimming possible for many projects. Dimming 
ballasts permit both manual dimming, allowing the teacher to adjust lighting levels, and automatic 
dimming, especially to respond to daylight. Ballasts should be specified in conjunction with an overall 
dimming system to ensure compatibility. 

Spaces with audio/visual needs that require manual dimming should use a wall-mounted dimmer 
controller.  

Applicability 

These lighting control strategies are appropriate for classrooms and some areas in administration 
spaces and libraries.  

Applicable Energy Codes 

The California Title 24 energy efficiency standards require that all spaces have an occupant accessible 
switch with a time sweep or an occupancy sensor. The general lighting systems in any enclosed space 
must have at least two levels of operation, while maintaining uniform illumination levels. This is most 
easily achieved with two switches per space, but can also be achieved with a dimming control.  

Title 24 also requires that at least 50% of the electric lighting power in a Daylit zone (area near window 
or under a skylight) have a separate control. This control can be switching or dimming, and automatic or 
manual.  

Title 24 provides a controls credit for automatic daylight sensors. Control credits for side lighting are a 
function of the window to wall ratio, glazing visible light transmittance, and the control type (switching 
versus dimming).  
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Integrated Design Implications 

Space Planning 

Location of switches and sensors should be carefully considered relative to the use of the room, all 
potential furniture configurations, and location of other controls.  Sensors need to “see” around any 
possible obstructions, such as high shelves, that teachers may choose to place in the room.  Controls for 
the teaching wall lights should be grouped with any permanent audio visual controls.  Controls for 
luminaires near windows should ideally be placed near the windows, but also convenient to the main 
teaching station.      

HVAC 

Controls are essential in achieving the overall goal of reduced energy consumption. The mechanical 
engineer should be informed of expected changes in the lighting system’s pattern of operation due to 
automatic controls. Reduction in the hours of operation or the power of the lighting system will lower the 
internal heat gain in the space, changing the needs for heating or cooling. 

Daylight Design 

For spaces with daylight, automatic daylight sensors are recommended for lights near the window wall 
or underneath skylights. Lighting control circuits should be designed parallel to daylight contours.  

EMS 

If a school district is using an energy management system (EMS) the lighting controls should be 
considered in relationship to other automatic controls.  School-wide time sweeps controlled by the EMS 
may be preferable to occupancy sensors.   An EMS system may be able to provide a single photosensor 
input for daylight controls, reducing costs. However, with a centralized sensor, individual calibration of 
the response of the lighting system in each room becomes even more important.   

Figure 89 shows a simple and cost effective classroom lighting control system. The switch near the door 
turns on the lights away from the window. The switch that controls the luminaires near the window 
should be located near the window. The lighting circuit next to the window should also be controlled by 
an “open loop” photosensor. “Open loop” sensors that are not affected by room light are strongly 
recommended since they are more reliable and easier to calibrate. A third “energy management” switch 
is recommended to toggle the central row of fixtures so that they can be grouped either on the 
photosensor circuit or the non-daylit circuit, depending on the season of the year and other factors that 
affect daylight availability..  
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Figure 89—Simple Windowed Classroom Control 

Cost Effectiveness 

For motion sensing, cost effectiveness varies depending on the overall energy 
management skills of teachers and staff. People who are personally careful with energy outperform 
motion sensors, but for less well managed spaces, motion sensors are worthwhile. 

Daylight sensors are generally worthwhile if there is sufficient daylight to turn off a given electric lighting 
circuit for more than 50% of school hours. The larger the daylight zone, the more cost effective the 
daylight controls will be. Systems employing manual dimming, daylighting, and motion sensing are 
presently only cost effective if audio/visual or computer requirements of the building use need to be met. 

Controls are an evolving area of lighting technology for buildings. While cost effectiveness is good at 
present, costs remain relatively high.  

Costs for lighting control systems potentially include some combination of the following:  additional 
circuiting, additional switches, motion sensors, light level sensors, controllers, dimming ballasts, 
additional 10v wiring, connection to master control system, commissioning. A pair of motion sensors and 
one power pack adds about $200 per classroom. Dimming ballasts add approximately $40 to $50 per 
ballast, or up to $1,200 per classroom. Automatic daylighting control without manual dimming adds 
about $200 per classroom, in addition to the costs of ballasts. A control system that permits manual 
dimming in conjunction with motion sensing and daylighting will cost about $1,000 per classroom, in 
addition to the costs of the dimming ballasts. Control costs are highly variable but the following very 
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general guidelines are provided. Use these data for rough estimates only and confirm costs with lighting 
control or electrical contractors in your area. 32 

Benefits 

Each added control element saves energy. Depending on the school’s operating months, the quality of 
daylight, the climatic zone, and other factors, energy cost savings can vary from good to dramatic.  

Design Tools 

Very few useful design tools exist for this evolving field. The best information is usually obtained from 
controls manufacturers and their representatives.  

Design Details 

Motion Sensor Location.  Sensors located in the center of the ceiling are generally the best choice, as 
they can “see” the corners of the room and over high shelves. If locating sensors in an upper corner, 
often two sensors are needed for full coverage of the room. Wallbox sensors that replace wall switches 
are not a good choice for classrooms  

Motion Sensor Type: Most sensors are passive infrared and respond to the movement of warm bodies. 
These need a full “view” of the entire classroom to function effectively.  Dual mode sensors employing 
ultrasonic, microphonic, or another form of backup sensing cost more, but provide fewer false readings, 
thus are strongly recommended. These types of sensors generally require a power pack (transformer-
relay) that actually switches the circuit. There is some concern that some types of ultrasonic sensors 
may affect very young children, or susceptible adults with hearing aides or other electronic health aides. 
Check the manufacturers’ recommendations for use, and avoid use of any product not recommended for 
sensitive health care environments.    

Time Delays; All motion sensors should have an adjustable time delay.  Moving the setting to a shorter 
period will save more energy, while moving the setting to a longer period may avoid unnecessary 
frequent switching.  Generally, 10 minutes is found to be a good compromise.  Some manufacturers 
provide an option for an occupant override that will allow for an extra long delay, such as for up to an 
hour, that will keep the lights on even when there is little motion in the classroom, such as during parent 
teacher conferences, or while the teacher is alone in the room grading papers.   

Dimming Ballast Controls. Use 0-10 volt dimming ballasts unless employing a complete manufacturer-
integrated system of control. 0-10 volt controls are the most universal at present and there is more 
competition in the market. 

                                                      
32  Approximate cost to owner, including labor, materials, overhead, profit, and costs of construction for lighting including luminaires, 

lamps, and suspension hardware. Includes connecting luminaire to branch circuit. Controls and branch circuit costs not included. 
Based on July 2000 prices. Costs can vary depending on market conditions. 
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Daylight Sensor Type.  Open loop daylight sensors are preferred as they are easier to calibrate and 
commission.  All daylight sensors should have an adjustable time delay. Daylight sensor types vary 
according to the type of lighting control provided—dimming or switching. For dimming, use a proportional 
controller that allows the set point for both the upper and lower response.   For switching, the controller 
needs to have an adjustable “dead band.”  

Daylight Sensor Location. For skylights, the daylight sensor should be located inside the skylight well, 
looking up.  For windows, the sensor should look at the most stable and representative source of 
daylight.  If looking out the window, the sensor should not see occasional bright reflections off of cars or 
other buildings.  If looking at a wall or other surface inside the classroom, the sensor should see the 
most uniformly Daylit surface.  Check the manufacturer’s literature to see what the “acceptance angle” is 
for the sensor’s view of the room, and make sure that the sensor will not be influenced by extraneous 
light from luminaires. 

 

Figure 90—Wiring for a Ceiling Mounted Light Sensor 

Sensor connects directly to the violet and gray terminals of industry standard 0-10 volt ballasts.  Source: Wattstopper 

Operation and Maintenance Issues 

In operation, a properly commissioned system needs only periodic maintenance to ensure optimum 
performance. Refer to the manufacturer’s recommended recalibration and cleaning cycle for sensors. 

Commissioning  

Commissioning of motion sensor systems and daylighting controls is critical to their success. Systems 
that work properly will be left alone; systems that have false tripping and other unwanted behavior will be 
disconnected or bypassed by occupants.  

The sensitivity of motion sensors should be set according to the manufacturer’s instructions. A proper 
setting will minimize false tripping and unwanted cycling. Because sensors are both physically and 
electronically adjustable, care should be taken to ensure the sensors are working as intended.  
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The time-out setting of motion sensors is also critical. A setting too short may cause false tripping; a 
setting too long may fail to save energy. A preliminary time-out setting of 10 minutes is a good place to 
start. 

Daylight sensor settings should be made and checked several times. Use a good light meter (Minolta 
TL-1 or better).  

References/Additional Information 

See the Overview section of this chapter, and: 

Controls: Patterns for Design. Electric Power Research Institute. www.epri.com/.  

http://www.epri.com/
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GUIDELINE LG13: GYM LIGHTING 
Recommendation 

Over basketball courts, volleyball areas, 
gymnastics areas, and other portions of the 
gymnasium with a high ceiling and structure, 
three choices for lighting exist: 

T-5HO High-Bay Fluorescent. Use industrial 
high bay luminaires with T-5HO or T-8 lamps. 
Each luminaire should have symmetric reflectors 
for downlight distribution and a wire cage or lens 
should be used to protect the lamps from flying 
balls. Four-ft luminaires with four or six lamps and 
two-lamp ballasts produce similar results as a like 
number of metal halide luminaires, but with fewer 
watts and greater versatility.  

Compact Fluorescents. Employ industrial-style 
luminaires having multiple compact fluorescent 
lamps in a single housing. Each luminaire should 
use eight 32-W or 42-W compact fluorescent 
triple-tube lamps, with electronic ballasts. The 
fixture should not have a lens, but consider 
adding a wire cage to open luminaires that may 
be exposed to flying balls or other damage. 

Metal Halide. Use metal halide industrial-style 
“high bay” luminaires. The metal halide luminaires 
should employ 320-W to 450-W “pulse-start” 
lamps and 277-volt reactor ballasts, if possible. 
They will provide at least 50 footcandles of 
general lighting. Use a protected lamp suitable for 
open luminaries, not a lensed or enclosed lamp. 
Slightly higher light levels may be provided for the 
main basketball court in middle schools and high 
schools. Consider adding a wire cage to open 
luminaires that may be exposed to flying balls or 
other damage. 

 

Figure 91—Metal Halide Gym Lighting  

 Windsor High School Gym, Source: Quattrocchi / Kwok 
Architects 

Applicable Spaces Climates  When to Consider 

Classrooms South Coast  Programming

Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.
Gym Mountains  Contract Docs.

Corridors Desert  Construction

Administration   Commissioning
Toilets   Operation

Other   
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Whichever system is used, it will probably be necessary to design at about the Title 24 limit of 1 W/ft2 to 
meet modern expectations for gym lighting. Gyms where significant television broadcasts occur may 
also employ a separate television lighting system that is exempt from Title 24 limits. 

It will also be necessary to provide an emergency lighting system. In addition to self-illuminated exit 
signs, provide either: 

Some luminaires powered by batteries or a generator, in a high bay fluorescent system or compact 
fluorescent system. 

Use quartz auxiliary lamps powered from batteries or an emergency generator, in a metal halide system. 

Also consider providing a separate halogen downlight system for “house” lighting during dramatic and 
social uses of the gym. This system may also be powered in-full or in-part from an emergency generator 
or battery backup power source. As a basic design, use suspended cylinder downlights with halogen IR 
PAR-38 flood lamps. Design the system to provide at least two footcandles of illumination with normal 
power and one footcandle from an emergency source. This system provides both egress lighting and 
serves other uses (see below). It must be controlled to prevent concurrent operation with the general 
lighting system. 

Description 

The height of the gym space’s ceiling plays a 
major role in choosing gym lighting systems. 
This can be partly assessed by examining the 
coefficient of utilization (CU) at Room Cavity 
Ratio (RCR) =2.5 of candidate systems. It is 
also useful to examine their spacing to 
mounting height (S/MH) as well.   

Fluorescent systems using multiple T-5HO or 
T-8 lamps are preferred for ordinary gyms and 
other high ceiling spaces. Superior color, 
elimination of flicker, and the ability to turn 
lights on and off as needed are major 
advantages over HID systems. The added 
cost of the fluorescent system is offset by 
much lower energy use, estimated to be as 
much as 50% less if the multiple light level 
capability of a fluorescent system is utilized. 
Systems using multiple compact fluorescent lamps also provide these benefits, although without the high 
efficacy of the linear fluorescent lamps. 

 

Figure 92—T-5HO Systems  

Source: James K. Rogers 
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In general, metal halide high bay lighting systems tend to be more appropriate when ceilings are 
especially tall, such as in a field house. Long lamp life and a minimum number of luminaires keep costs 
down. The color of metal halide is suitable for television as well as everyday use. The long warm-up and 
restrike periods of metal halide lighting are a drawback since switching lights off regularly is not 
recommended for these systems. Be certain to use pulse-start lamps. These systems are, however, 
compatible with daylit gyms if they have switched lighting levels. 

Multiple compact fluorescent “high bay” lights are a distant third choice. These systems are less energy 
efficient and require more costly and frequent maintenance than the other choices. 

A separate downlight system using halogen lamps is highly recommended for two reasons: 

It is an instant-on, instant-off system that can be dimmed inexpensively. This feature is especially 
important if metal halide lights are accidentally extinguished, as they will require a five to 10 minute cool-
off and restrike delay. 

A dimmable tungsten downlighting system can make the gym more appealing for social events, and can 
also serve as a “house” lighting system for many of the gym’s performance and entertainment uses.  

Lighting quality is a crucial issue in gym spaces. Avoiding direct view of an extra bright light source, such 
as a metal halide lamp, high output lamp, or skylight, can be especially critical in a gymnasium where 
athletes must scan for the ball and react quickly. Even though a luminaire may normally be out of the 
line of sight, it can still create a devastating glare source to a volleyball or basketball player. 

Applicability 

This guideline can be used in most schools, including colleges and universities, public K-12, private, and 
parochial schools, and similar facilities such as churches, sports clubs, and private institutions. 

Applicable Codes 

Electrical   

The electrical portion of lighting installations is usually governed by the National Electric Code (NEC). 
Some cities have unique electrical codes, but most adopt the NEC. The energy considerations of lighting 
fall under California Title 24. Title 24 limits the amount of lighting power in a gym to 1 W/ft2 (2001), so 
this recommendation meets the code. Title 24 also requires switching (see Design Details below). 

Life Safety   

As a place of assembly, the gym needs to be equipped with an emergency lighting system capable of 
producing at least 1 footcandle, average, along the path of egress. The emergency lighting system must 
be powered from an emergency generator or from a battery backup system capable of providing egress 
lighting for at least 90 minutes. In addition, exit signs must be provided and they, too, must be powered 
for at least 90 minutes after a power outage. 
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Seismic   

Luminaires need to be restrained in case of an earthquake. In general, this means that each luminaire 
must be secured to the structure with an additional safety cable independent of the fixture’s ordinary 
support system. 

Integrated Design Implications 

High bay luminaires are easily attached to most structures. It is recommended that the luminaires be 
suspended within the “truss space” or in other words, with the bottom of the luminaire not lower than the 
lowest beam or truss member. In the rare instance where the gym has a finished ceiling, recessed 
lighting should be considered. 

Daylighting design is especially well suited to the high ceilings and large open space of gymnasiums. 
Gentle diffuse systems, which avoid creating excessive bright spots within the athletes’ critical viewing 
directions, are especially appropriate. For example, side lighting should be placed perpendicular to the 
primary basketball walls. Wall wash top lighting or high sidelighting with light shelves or louvers can be 
effective techniques for gyms, since both involve secondary reflections on room surfaces that prevent 
direct view of the window or skylight. Direct sun penetration into gyms should be prevented at all times. 

Cost Effectiveness33 

Each metal halide luminaire costs about $325, or about 79 mean lumens/dollar. A 
multiple compact fluorescent luminaire costs about $425, or about 52 mean 
lumens/dollar. A T-5HO 6-lamp luminaire costs about $375, or about 76 mean 
lumens/dollar. Each PAR38 downlight costs about $150. Dimming, switching, and 
emergency power costs vary and are in addition to the luminaire costs. 

Benefits 

The best solution for a particular gym depends on hours of use and other variables. 

A metal halide lighting system has the lowest first cost. There is no less expensive way to provide the 
necessary quantity of light from this mounting height. The use of high Watt metal halide lamps minimizes 
the number of luminaires (first costs) and the number of lamps (maintenance costs).  

A system employing multiple T-5HO or T-8 lamps offers the least energy use and longest life lamps 
(lowest maintenance costs). Multiple light level capabilities save additional energy and extend 
maintenance periods. 

                                                      
33  Approximate cost to owner, including labor, materials, overhead, profit, and costs of construction for lighting including luminaires, 

lamps, and suspension hardware.  Includes connecting luminaire to branch circuit.  Controls and branch circuit costs not included.  
Based on July 2000 prices.  Costs can vary depending on market conditions. 
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A system using multiple compact fluorescent lamps combines the flexibility of fluorescent systems with 
the appearance of HID. While most costly to build and to operate, this approach results in a flexible 
design that can be energy effective if multiple light levels are used, and the system looks like a metal 
halide system.   

Design Tools 

See the Overview section of this chapter. 

Design Details 

Fluorescent high bay lighting is a relatively new solution. Consider both T-8 and T-5HO systems. This 
choice requires specific considerations for reflector shape, photometry, and lamp protection. Products 
are available from some major fluorescent manufacturers and several specialty fluorescent makers. 
Careful study to ensure proper lighting levels is recommended. 

Any fluorescent choice permits the use of multiple level switching, including automatic daylight control. 
Take advantage of this feature in gyms with skylights and clerestories. 

Metal halide “high bay” luminaires are commonly available in a number of reflector types including 
aluminum, ribbed acrylic, and ribbed glass. Among these, ribbed acrylic offers the best combination of 
efficiency and uplight, and is sufficiently durable for the application. 

It is critical to specify the 320-W to 450-W, pulse-start, 277-volt reactor ballast system. If 277-volt (three-
phase) power is not available, then use a 120-volt CWA ballast, although it is less energy efficient. Do 
not use the standard (probe-start) 400-W metal halide system, as it produces less maintained light than 
the 320 pulse-start system. 

In gyms with skylights (highly recommended), the use of a two-level controller for the metal halide lamps 
should be considered. A photoelectric switch, sensing when adequate daylight is present to turn lights 
down to the low setting, should control the action. 

Switches for metal halide lamps should NOT be readily accessible. They should be in a controlled 
location such as an electric room, press box, teacher/coach’s office, or other location where inadvertent 
operation of the lights will not occur. This adds support to the concept of a separate halogen system in 
which the switch is quite accessible. It would be a good idea to interlock the two systems so that the 
halogen system can not operate once the metal halides are at, or near, full light. 

Operations and Maintenance 

This design should be easy to operate and manage. Dimming on the halogen system (if used) will 
extend lamp life, and a metal halide system will require relamping every 12,000 to 14,000 hours 
(depending on hours of operation, this could be three to five years). System cleaning should be simple. 
Linear fluorescent systems require relamping every 15,000 to 20,000 hours, but compact fluorescent 
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systems require relamping every 8,000 to 10,000 hours. However, if both fluorescent lamp systems 
rotate lamp operation at reduced light levels, relamping cycles can be very long. 

The control system should be designed for easy use. Automatic time of day control with manual override 
is an acceptable means to control the metal halide lamps, but make certain that the controller is easily 
programmed for days on and off, holiday schedules, etc.  

Commissioning  

These systems are relatively easy to commission. Perhaps the most critical step is ensuring that 
automatic lighting controls, such as a photoelectric controller for a high-low system or an automatic time 
of day controller, are properly set up. 

References/Additional Information 

See the Overview section of this chapter, and: 

Windsor High School (Model), Windsor CA, Windsor Unified School District. Quattrocchi / Kwok 
Architects. 
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GUIDELINE LG14: CORRIDOR LIGHTING 
Recommendation 

There are two principal choices for illuminating 
corridors in schools: 

Employ recessed fluorescent luminaires that have 
a means to both protect the lamp and create 
relatively high angle light perpendicular to the 
corridor axis.  

Employ surface mounted corridor “wrap-around” 
fluorescent luminaires designed for rough service 
applications.  

In either case, luminaires should use T-5 or T-8 
lamps and electronic ballasts. Caution should be 
employed to ensure that the luminaires are not 
overly “institutional” in appearance. Align 
luminaires parallel to corridor walls to provide 
good quality of light and to make light useful for 
lockers. 

Outdoor corridors and corridors with plentiful 
daylight should employ automatic daylight 
switching or dimming to reduce electric lighting by 
day. 

It will be necessary to provide emergency lighting 
with this lighting system. Some of these 
luminaires must be powered from an emergency 
generator or battery backup power source. 

Description 

It is important to minimize downlighting so that the 
walls of the corridor will be better illuminated. 
Lights that emit very well to the sides should be chosen. Choose from among the following types of 
products: 

Interior corridors may employ “recessed indirect” luminaires. Luminaires should be oriented with the 
lamp long axis along the corridor long axis. This design is suited for all ceiling types. 

 

Figure 93—Anzar High School  

Source:  Attrocchi / Kwok Architects 

Applicable Spaces Climates  When to Consider 

Classrooms South Coast  Programming
Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.

Gym Mountains  Contract Docs.
Corridors Desert  Construction

Administration   Commissioning

Toilets   Operation
Other   
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As an alternative, especially for schools where vandalism is a concern, use surface ceiling wrap-around 
luminaires, preferably vandal-resistant or high abuse types. 

Exterior corridors should employ surface-mounted wrap-arounds or ceiling-mounted, high abuse 
luminaires. In some cases, wall-mounted, high abuse luminaires may be acceptable. 

Applicability 

This guideline can be used in most schools, including colleges and universities, public K-12, private, and 
parochial schools, and similar facilities such as churches, sports clubs and private institutions. 

Applicable Codes 

Electrical 

The National Electric Code (NEC) usually governs the electrical portion of lighting installations. Some 
cities have unique electrical codes, but most adopt the NEC. The energy considerations of lighting fall 
under California Title 24. Title 24 limits the amount of lighting power in a corridor to 0.6 W/ft2 (1999), so 
this recommendation exceeds the code limits. Title 24 also requires switching (see Design Details 
below). 

Life Safety 

As a path of egress, the corridor needs to be equipped with an emergency lighting system capable of 
producing at least 1 footcandle, average, along the path of egress. In general, the best way to do this is 
to power every third or fourth luminaire from an emergency source, which must be either an emergency 
generator or a battery backup system capable of providing egress lighting for at least 90 minutes. In 
addition, exit signs must be provided and they, too, must be powered for at least 90 minutes after a 
power outage. 

Seismic 

Luminaires need to be restrained in case of an earthquake. In general, this means that each luminaire 
must be secured to the structure with an additional hanger wire or support independent of the ceiling’s 
support system. 

Integrated Design Implications 

Given the choices of luminaires that are available, it should be possible to find an attractive solution that 
is suitable for any type of corridor ceiling construction, including indoor and outdoor corridors, acoustical 
tile or wallboard ceilings, etc. 

Corridors are generally excellent spaces for daylighting. Furthermore, daylight in corridors provides an 
important safety feature of guaranteed lighting during any daytime emergencies.  For single story or top 
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floor corridors, linear toplighting is especially appropriate.  For corridors not directly under a roof or 
adjacent to an exterior wall, pools of light from intermittent sidelighting or toplighting borrowed from the 
floor above can create important social spaces, with higher levels of illumination than that provided by 
the electric lighting system. Daylight introduced at the end of a long corridor can have a glaring effect, 
making the corridor feel more like a tunnel. Daylight introduced from the side or above is generally more 
effective with less glaring. As with electric lighting, illuminating the corridor walls should be the primary 
objective. 

Cost Effectiveness 

The corridor lighting systems recommended here are very cost effective. Each corridor 
luminaire costs about $20034. Dimming, switching, and emergency power costs vary and 
are in addition to the luminaire costs. 

Benefits 

Fluorescent corridor lighting systems provide solid results for a modest investment. Long product life will 
result from carefully choosing a rough service grade luminaire.  

Design Tools 

See the Overview section of this chapter. 

Design Details 

The following are typical lighting layouts for corridors: 

                                                      
34  Approximate cost to owner, including labor, materials, overhead, profit, and costs of construction for lighting including luminaires, 

lamps, and suspension hardware. Includes connecting luminaire to branch circuit. Controls and branch circuit costs not included. 
Based on July 2000 prices. Costs can vary depending on market conditions. 
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Figure 94—Corridor Lighting Designs 

If required by the application, choose one of many modern “rough-service” luminaires that are attractive 
as well as durable. 

In general, recessed downlights generally have insufficient vertical illumination to provide good service in 
corridors. However, recessed downlights using compact fluorescent lamps may be preferred for lobbies 
and similar applications where a dressier appearance is desired. 

Switching of the lighting system should NOT be readily accessible. In general, switching should utilize an 
automatic time of day control system with motion sensor override during normally “off” hours.  

In addition, provide automatic daylighting controls, including dimming or switching off lights in corridors 
having windows, skylights, or other forms of natural lighting. 

Operation and Maintenance Issues 

This design should be easy to operate and manage. As with most fluorescent lighting systems, 
relamping every 12,000 to 14,000 hours is recommended. Ballast life extends 10 years or more. System 
cleaning should be simple. 

The control system should be designed for easy management. Automatic time of day control with 
override is an acceptable means to control corridor lights, but make certain that the controller is easily 
programmed for days on and off, holiday schedules, etc.  

Commissioning  

These systems are relatively easy to commission. Perhaps the most critical step is ensuring that 
automatic lighting controls, such as a photoelectric controller for a high-low system or an automatic time 
of day controller, are properly set up. 
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References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG15: LIGHTING FOR A MULTI-
PURPOSE ROOM 
Recommendation 

As a minimum, a multi-purpose room should have at 
least two independent lighting systems: 

A general lighting system providing 20 to 30 
footcandles of uniform illumination using standard 
T-8 lamps; and 

A dimmable “house lighting” system supporting 
audio visual and social uses of the room, producing 
no more than 5 footcandles. 

In addition, theatrical lighting may be added to 
illuminate specific stage or performance locations.  

Description 

The general lighting system should probably be one 
of the types previously suggested for classroom 
lighting in Guideline LG9: Classroom Lighting—
Conventional Teaching through Guideline LG11: 
Teaching Board Lighting. If suspended luminaires 
are chosen, be careful to locate luminaries so as not 
to interfere with audio-visual and other uses of the 
room. If the room’s uses include any sports or 
games, all lighting systems should be recessed or 
otherwise protected from damage.  

The house lighting system should probably employ recessed or surface downlights. Narrow beam 
downlights should be chosen, and halogen lighting is recommended due to the superior color, 
inexpensive dimming, and good light control. Luminaires should use standard IR halogen PAR lamps. 
Black baffles or black alzak cone trims are recommended for audio/visual applications. The house 
lighting system should be laid-out to prevent light from striking walls or screens. Note that some general 
lighting systems might also serve as the house lighting system if properly laid out and equipped with 
electronic dimming ballasts, but most general lighting systems generate too much diffuse light, even 
when dimmed, for audio/visual use.  

 

Figure 95—Gym Lighting 

Source: SunOptics Prismatic Skylights 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast  Programming
Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.

Gym Mountains  Contract Docs.
Corridors Desert  Construction

Administration   Commissioning

Toilets   Operation
Other
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As with corridors and other common spaces, a control system that activates the general lighting system 
according to a calendar program and employs motion sensing for “off” hours should be used. Rooms 
with plentiful daylight should employ automatic daylight switching or dimming to reduce electric lighting 
by day. A manual override switch should be provided. Manual dimming of the house lighting system 
should be provided along with an interlock switch preventing simultaneous operation of both general and 
house lighting. 

It will be necessary to provide emergency lighting with this lighting system. Some of these luminaires 
must be powered from an emergency generator or battery backup power source. 

Applicability 

This guideline can be used in most schools, including colleges and universities, public K-12, private and 
parochial schools, and similar facilities such as churches, sports clubs, and private institutions. 

Applicable Codes 

Electrical 

The National Electrical Code (NEC) usually governs the electrical portion of lighting installations. Some 
cities have unique electrical codes, but most adopt the NEC. The energy considerations of lighting fall 
under California Title 24. Title 24 limits the amount of lighting power in a cafeteria or multi-purpose room 
to 1.6 W/ft2 (1999), so this recommendation is within the code limits. Title 24 also requires switching. 
Keep in mind that if the two lighting systems are interlocked as described above, only the higher wattage 
system is counted in energy code calculations. 

Life Safety 

As a place of assembly, the room needs to be equipped with an emergency lighting system capable of 
producing at least 1 footcandle, on average, along the path of egress. In general, the best way to do this 
is to power some of the lighting from an emergency source, which must be either an emergency 
generator or a battery backup system capable of providing egress lighting for at least 90 minutes. In 
addition, exit signs must be provided and they, too, must be powered for at least 90 minutes after a 
power outage. 

The controls must be designed such that, if a power emergency occurs, the proper lights are illuminated 
regardless of setting. This often requires use of automatic transfer relay or other mechanism that 
bypasses room controls during a power emergency. Transfer relays must be listed for use in emergency 
circuits. 
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Seismic 

Luminaires need to be restrained in case of an earthquake. In general, this means that each luminaire 
must be secured to the structure with an additional hanger wire or support independent of the ceiling’s 
support system. 

Integrated Design Implications 

Because multi-purpose rooms often serve as a cafeteria, study hall, social gathering spot, special event 
space, community meeting hall, and audio-visual facility, it is extremely important to ensure that the 
lighting and controls provide proper operation for every intended use of the room. Moreover, this room 
may benefit from greater architectural design than other spaces, and lighting designers should be 
prepared to creatively provide the functions of the lighting described here, but use other types of 
equipment better suited to the specific architecture. 

Multipurpose rooms can be successfully daylit, either from high clerestories or toplighting approaches. 
However, near-blackout capability for the daylight system is probably most important in this type of 
space, so operable louvers or blinds are highly recommended. If the daylight system can be reduced to 
a minimum of one to three footcandles, most reduced light functions, including stage performances, can 
operate effectively. A small amount of sunlight can be a cheerful presence in multipurpose rooms used 
as a cafeteria, as long as it can be blocked when needed. 

Cost Effectiveness35 

In general, two separate lighting systems, with one being a dimmed halogen system, is 
the most cost effective. A single fluorescent lighting system with dimming system is 
usually more costly and less flexible. 

Each downlight costs about $175 (see the other guidelines in this chapter for general lighting costs). 
Dimming, switching, and emergency power costs vary and are in addition to the luminaire costs. 

Benefits 

This “two component” lighting design approach, when combined with effective controls, permits a wide 
range of uses of the multipurpose room, exactly what these rooms are designed for. 

Design Tools 

See the Overview section of this chapter. 

                                                      
35  Approximate cost to owner, including labor, materials, overhead, profit, and costs of construction for lighting including luminaires, 

lamps, and suspension hardware. Includes connecting luminaire to branch circuit. Controls and branch circuit costs not included. 
Based on July 2000 prices. Costs can vary depending on market conditions. 
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Design Details 

The figure below shows a typical multipurpose room with two lighting schemes. The left side uses 
pendant-mounted luminaries, and the right side shows recessed troffers. 

 

Figure 96—Multipurpose Lighting Designs 

This figure shows two approaches to lighting multipurpose rooms. Both schemes have a separate system of downlights to serve as 
“house” lights for social and A/V use.  

In this room, self-contained emergency ballast/battery units should be avoided unless specially designed 
to employ an external voltage sense connection. Leaving any general lighting luminaire operating in the 
dimmed mode is usually not acceptable. 

Consider placing the lighting in zones that have individual manual override switches to permit de-
activating a zone when not occupied. 

Switching and dimming of the lighting system should NOT be readily accessible. Locate controls in a 
supervised location. 

Consider a modern preset dimming or control system, especially if touch-screen control and other 
modern audio-video interfaces are planned. 

Operation and Maintenance Issues 

This design should be easy to operate and manage. As with most fluorescent lighting systems, the 
general lighting system should be relamped every 12,000 to14,000 hours. Ballast life should cover 10 
years or more. Spot relamping is recommended for the house lighting system. Cleaning of both systems 
should be simple. 
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The control system should be designed for easy management. Automatic time of day control with 
override is an acceptable means to control corridor lights, but make certain that the controller is easily 
programmed for days on and off, holiday schedules, etc.  

Commissioning  

These systems are relatively easy to commission. Perhaps the most critical step is ensuring that 
automatic lighting controls, such as a photoelectric controller for a high-low system or an automatic time 
of day controller, are properly set up. Also, if fluorescent dimming is used, make sure that lamps are pre-
seasoned, i.e., operated at full light for 100 hours prior to dimming them. 

References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG16: LIGHTING FOR A LIBRARY OR 
MEDIA CENTER 
Recommendation 

Provide lighting for a library as follows: 

 A lighting system providing 20 to 50 footcandles 
of general illumination in casual reading, 
circulation and seating areas using standard T-
8 lamps. 

 Overhead task lighting at locations such as 
conventional card files, circulation desks, etc. 

 Task lighting at carrels and other obvious task 
locations, using compact fluorescent or T-8 
lamps. 

 Stack lights using T-8 or T-5 lamps in areas 
where stack locations are fixed, and general 
overhead lighting in areas employing high 
density stack systems. 

 Special lighting for media rooms, as required. 

Description 

The general lighting system may be one of the 
types previously suggested for classroom lighting 
(Guideline LG9: Classroom Lighting—Conventional Teaching through Guideline LG11: Teaching Board 
Lighting and Guideline LG17: Lighting for Offices and Teacher Support Rooms). As long as adequate 
ceiling height is present, suspended lighting systems are preferable. Overhead lighting systems for task 
locations should also be selected from among choices suitable for classrooms or offices. 

Task lighting at carrels and other spots should be selected according to architecture and finish details. 
Two common options include: 

 Under-shelf task lights using T-8 or modern T-5 lamps (e.g., F14T-5/8xx, F21T-5/8xx, or F28T-
5/8xx). 

 Table or floor lamp equipped with a compact fluorescent lamp up to 40 W. 

 

Figure 97— Austin Creek Elementary School 

Source:  Quattrocchi / Kwok Architects 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast  Programming
Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.

Gym Mountains  Contract Docs.
Corridors Desert  Construction

Administration   Commissioning

Toilets   Operation
Other   
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Stack lighting should utilize luminaires specifically designed for lighting stacks. A number of choices 
exist, but generally, a single continuous T-8 or T-5 lamp system will provide adequate illumination. 

Media rooms, such as video monitoring and editing, sound monitoring and editing, distance learning, 
and video teleconferencing all have special requirements. It is important that lighting be designed to 
meet those specific needs and that lighting controls be provided to enable room use. No specific 
recommendations for those spaces are made here, but depending on the room, professional lighting 
design services may be needed to assist the standard design team.  

A control system that activates the general lighting system according to a calendar program and 
employs motion sensing for “off” hours should be used. In areas with plentiful daylight, employ automatic 
daylight switching or dimming to reduce electric lighting by day. In addition, in areas of the library that 
are less frequently used, such as reference stacks, consider providing individual motion sensors or 
digital time switches for stack aisles that are connected to dimming ballasts, producing low light levels 
(but not completely off) until the aisle is occupied. Individual reading and study rooms should employ 
motion sensors, with “personal” motion sensors and plug strips used at study carrels, especially those 
with fixed computers. 

It will be necessary to provide emergency lighting with this system. Some of the general lighting 
luminaires must be powered from an emergency generator or backup battery power source. 

Applicability 

This guideline can be used in most schools, including colleges and universities, public K-12, private and 
parochial schools, and similar facilities containing libraries, such as churches and private institutions. 

Applicable Codes 

Electrical 

The National Electrical Code (NEC) usually governs the electrical portion of lighting installations. Some 
cities have unique electrical codes, but most adopt the NEC. The energy considerations of lighting fall 
under California Title 24. Title 24 limits the amount of lighting power in a library reading area to 1.2 W/ft2 
and a stack area to 1.5 W/ft2 (1999), so this recommendation is within code limits. Title 24 also requires 
bi-level switching of library stacks.  

Life Safety 

As a place of assembly, libraries must be equipped with an emergency lighting system capable of 
producing at least 1 footcandle, average, along the path of egress. In general, the best way to do this is 
to power some of the lighting from an emergency source, which must be either an emergency generator 
or a battery backup system capable of providing egress lighting for at least 90 minutes. In addition, exit 
signs must be provided and they, too, must be powered for at least 90 minutes after a power outage. 
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Seismic 

Luminaires need to be restrained in case of an earthquake. In general, this means that each luminaire 
must be secured to the structure with an additional hanger wire or support independent of the ceiling’s 
support system. 

Integrated Design Implications 

Libraries are often more highly designed than other spaces. In some designs, other lighting systems that 
integrate better with the architecture should be considered.  

Daylight is an excellent choice for providing basic ambient light in a library. Reading areas and 
storytelling niches especially benefit from the presence of gentle daylight and view windows. With 
thoughtful daylight design, only the task lighting at checkout desks or stack areas needs to be on during 
the day. And these can be connected to occupancy sensors to reduce their hours of operation. 

If the library has computers for research or card catalog searches, special care should be taken to avoid 
glare sources on the computer monitors from light fixtures or windows. 

Cost Effectiveness36 

Library spaces will tend to be among the most expensive to light. These 
recommendations provide a good balance between cost, energy efficiency, and good 
lighting practice. 

A 4-ft long stack light is approximately $200. A 3-ft long undercabinet task light costs about $175. A 
high-quality compact fluorescent desk lamp falls in the $300 price range. Dimming, switching, and 
emergency power costs vary and are in addition to the luminaire costs. 

Benefits 

These recommendations provide proper light for a library and media center. Task light levels are 
provided only at task locations, while ambient and general light levels are lower to ensure energy 
efficient operation. 

Design Tools 

See the Overview section of this chapter. 

                                                      
36  Ibid. 
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Design Details 

Below is a lighting design for a typical library: 

 

Figure 98—Library Lighting Design 

This design illustrates general lighting using troffers, table lights for study desks, task lights at kiosks, and stack lights. Using high 
ballast factor 2-lamp troffers, this design works at an overall power density of 1.27 W/ft2. Increasing stack lights to high ballast 

factor increases overall connected power to 1.38 W/ft2. Note that the stacks to the right on the plan are half height. 

The general lighting system can be designed to become more “dense” in task areas such as circulation 
desks, thus minimizing the number of different lighting types. 

Undercabinet task lights should be specified carefully. Avoid traditional “inch light” systems with 
magnetic ballasts that use twin tube compact fluorescent lamps and old-style linear lamps like the F6T-5 
(9 in.), F8T-5 (12 in.), and F13T-5 (21in.). Use tasks lights employing modern F14T-5 (22 in.), F21T-5 
(34 in.), F28T-5 (46 in.), F17T-8, F25T-8, or F32T-8 lamps. Always use electronic ballasts, and consider 
dimming for all task lights. 

Desk lamps and table lamps with compact fluorescent hardwired lamps should be used. Relatively few 
products exist. Medium based screw-in compact fluorescent lamps are not a good choice for new 
projects. 

Switching and dimming of the lighting system should NOT be readily accessible. Locate controls in a 
supervised location. 

In media rooms, consider a modern preset dimming or control system, especially if touch-screen control 
and other modern audio-video interfaces are planned.  
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Operation and Maintenance Issues 

This design should be easy to operate and manage. As with most fluorescent lighting systems, the 
general lighting system should be relamped every 12,000 to 14,000 hours. Ballast life lasts 10 years or 
more. Spot relamping is recommended for the house lighting system. Cleaning of both systems should 
be simple.  

Commissioning  

These systems are relatively easy to commission. Perhaps the most critical step is ensuring that 
automatic lighting controls, such as a photoelectric controller for a high-low system or an automatic time 
of day controller, are properly set up. Also, if fluorescent dimming is used, make sure that lamps are pre-
seasoned, i.e., operated at full light for 100 hours prior to dimming them. 

References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG17: LIGHTING FOR OFFICES AND 
TEACHER SUPPORT ROOMS 
Recommendation 

This recommendation is for offices and teacher 
support rooms having a ceiling no more than 12 ft 
high and a flat suspended acoustical tile ceiling. 
There are two choices: 

Use recessed fluorescent lens troffers having at 
least 78% luminaire efficiency, using T-8 premium 
lamps and electronic ballasts. The connected 
lighting power should be 0.9 W/ft2 to 1.1 W/ft2. 

Use suspended indirect lighting to produce an 
ambient level of 15 to 20 footcandles (about 0.6 
W/ft2) and task lighting where required.  

Description 

For suspended lighting systems, see Guideline 
LG9: Classroom Lighting—Conventional Teaching 
and Guideline LG10: Multi-Scene Classroom 
Lighting.  

Applicability 

This guideline can be used in most schools, including colleges and universities, public K-12, private and 
parochial schools, and similar facilities such as churches, sports clubs, and private institutions. 

Applicable Codes 

The National Electric Code (NEC) usually governs the electrical portion of lighting installations. Some 
cities have unique electrical codes, but most adopt the NEC. The energy considerations of lighting fall 
under California Title 24. Title 24 limits the amount of lighting power in offices to 1.3 W/ft2 (1999), so this 
recommendation meets code limits by a considerable amount. Title 24 also requires switching (see 
Guideline LG12: Lighting Controls for Classrooms). 

 

Figure 99—Recessed Fluorescent Lens Troffer 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast  Programming
Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.

Gym Mountains  Contract Docs.
Corridors Desert  Construction

Administration   Commissioning

Toilets   Operation
Other   
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Luminaires need to be restrained in case of an earthquake. In general, this means that each luminaire 
must be hung from the structure with hanger wires independent of the ceiling system. 

Integrated Design Implications 

This type of lighting should only be used in flat acoustic tile ceilings, and then only when ceiling height 
and/or budget prevents consideration of other options.  

Cost Effectiveness 

Lens troffer lighting systems are low in cost, but their inexpensive appearance can be a 
drawback. Suspended lighting systems provide a high degree of cost effectiveness and 
improved appearance in most applications.  

Benefits 

Troffer lighting systems generally offer excellent efficiency, but with some loss of visual comfort. They 
make excellent use of the low-cost, widely used T-8 lamp system. Systems operating at about 1 W/ft2 
will generate between 50 and 60 footcandles maintained average, with very good uniformity. Separate 
task and ambient systems may create a more comfortable atmosphere. 

Design Tools 

See the Overview section of this chapter. 

Design Details 

See Guideline LG9: Classroom Lighting—Conventional Teaching and Guideline LG10: Multi-Scene 
Classroom Lighting. 

For non-dimming applications, luminaire light and power can be varied through choice of ballast factor. 

Operation and Maintenance Issues 

These lighting systems rarely need maintenance. As with all fluorescent systems, lamps should be 
replaced at approximately 12,000 to16,000 hours of operation, which with normal school use could be 
as seldom as every six years. Luminaires should be cleaned annually. Lensed luminaires require 
periodic cleaning and are occasionally abused. Lens replacement is relatively inexpensive. 

Commissioning  

No commissioning is needed, other than pre-seasoning of lamps in dimming applications. 
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References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG18: LIGHTING FOR LOCKER AND 
TOILET ROOMS 
Recommendation 

Over mirrors and vanities, employ rough service 
grade fluorescent wall-mounted lights. Over stalls 
and locker areas, use recessed or surface-mounted 
rough service area fluorescent lights. In showers, 
employ ceiling-mounted, watertight, rough-service 
grade fluorescent lights. 

In general, choose luminaires that are attractively 
styled to prevent an overly institutional appearance. 

Description 

This guideline generally recommends fluorescent 
luminaires using standard T-8 or compact 
fluorescent lamps. These luminaires are part of a 
relatively new generation of “vandal-resistant” or 
“rough-service” lights that are considerably more 
attractive than previous products. These luminaires 
should be specified with UV-stabilized, prismatic 
polycarbonate lenses for maximum efficiency and 
resistance to abuse. The use of tamper resistant 
hardware is also recommended. 

Wall mounted rough-service lights include: 

 Linear lights using T-8 lamps and electronic ballasts. 

 Rectangular, oval, and round lights that can be equipped with compact fluorescent lamps (low Watt 
HID lamps can also be used in these luminaries, but are not recommended). 

Recessed ceiling lights are generally troffers (see Guideline LG10: Multi-Scene Classroom Lighting) that 
employ the polycarbonate lens and tamper-resistant hardware, as well as more robust components. 
These luminaires are available in 1 ft x 4 ft, 2 ft x 2 ft, and 2 ft x4 ft versions with standard T-8 lamps and 
electronic ballasts. 

 

Figure 100—Toilet Lighting 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast  Programming
Library North Coast  Schematic

Multi-Purpose / Cafeteria Central Valley  Design Dev.

Gym Mountains  Contract Docs.
Corridors Desert  Construction

Administration   Commissioning

Toilets   Operation
Other   
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For showers, employ either surface or recessed luminaires designed for compact fluorescent lights. Due 
to the long warm-up and restrike times, HID lamps should not be used. In either case, luminaires should 
be listed for wet applications. 

Applicability 

This guideline can be used in most schools, including colleges and universities, public K-12, private and 
parochial schools, and similar facilities such as churches, sports clubs, and private institutions. 

Applicable Codes 

Electrical 

The National Electrical Code (NEC) usually governs the installation of lighting installations. Some cities 
have unique electrical codes, but most adopt the NEC. The energy considerations of lighting fall under 
California Title 24. Title 24 limits lighting power to 0.9 W/ft2 in a locker or dressing room to 0.9 W/ft2, and 
to 0.6 W/ft2 in rest rooms (1999). Title 24 also requires switching in these spaces (see Guideline LG12: 
Lighting Controls for Classrooms). 

Life Safety 

The room needs to be equipped with an emergency lighting system capable of producing at least 1.0 
footcandle, average, along the path of egress. In general, the best way to do this is to power some of the 
lighting from an emergency source, which must be either an emergency generator or a battery backup 
system capable of providing egress lighting for at least 90 minutes. In addition, exit signs must be 
provided and they, too, must be powered for at least 90 minutes after a power outage. 

Seismic 

Luminaires need to be restrained in case of an earthquake. In general, this means that each suspended 
luminaire must be hung from the structure with hanger wires independent of the ceiling system. 

Integrated Design Implications 

These types of spaces are historically the most abused interior portions of school buildings. Durable 
lighting is unfortunately less attractive and less integrated than other lighting types.  

Daylight is a welcome addition to any locker or toilet room. The high light levels from daylight promote 
good maintenance and sunlight can actually help sanitize the spaces by killing bacteria. For privacy and 
security reasons, daylight is often best provided in these spaces via diffusing skylights. Often these 
spaces can be designed to need no additional electric light during the day. 



 Guideline LG18: Lighting for Locker and Toilet Rooms Lighting and Daylighting 

 

CHPS BEST PRACTICES MANUAL DESIGN  © 2006 CHPS, INC 331 

 

Cost Effectiveness37 

The investment in rough-service equipment is paid back over time. In high schools and 
colleges, the payback can be rapid, especially if the students are particularly rough or 
abusive. 

Rough-service lighting systems will cost about $200 to $300 per luminaire for the types listed above, 
with compact fluorescent or T-8 lamps and electronic ballasts.  

Benefits 

Rough service lighting will last longer in these applications while continuing to look good and not suffer 
from cracks and other signs of abuse. 

Design Tools 

See the Overview section of this chapter. 

Design Details 

Be certain to employ premium T-8 lamps with 835 or 841 color, rated at 24,000 hours. For non-dimming 
applications, luminaire light and power can be varied through choice of ballast factor.  

Controls should perform in one of the following ways: 

Continuously on during normal school hours, with a night/emergency light on all the time; or 

Continuously on during normal school hours, with both a night/emergency light on at all times and a 
motion sensor override for full lighting during “off” hours. 

Operation and Maintenance Issues 

These lighting systems rarely need maintenance. As with all fluorescent systems, lamps should be 
replaced at approximately 12,000 to 16,000 hours of operation, which with normal school use could be 
as seldom as every six years. Luminaires should be cleaned annually. Lensed luminaires require 
periodic cleaning and are occasionally abused. Lens replacement is relatively cheap. 

Commissioning  

No commissioning is needed, other than pre-seasoning of lamps in dimming applications. 

                                                      
37  Ibid. 
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References/Additional Information 

See the Overview section of this chapter. 
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GUIDELINE LG19: OUTDOOR LIGHTING 
Recommendation 

As a minimum, provide the following exterior lighting 
systems:  

 Provide canopy or wall-mounted luminaires to 
illuminate the building entrances. 

 Provide parking lot and driveway lighting only 
for areas that are expected to be used at night 
and control the lighting so that it operates only 
when the school is being used. Use pole-
mounted, full cut-off luminaires to illuminate the 
parking as well as surrounding walks and other 
areas. 

 For walkways intended for night use, use 
suitable walkway lighting systems, such as full 
cutoff pedestrian-scale light poles or bollards. 

Description 

In general, school campuses should be dark at 
night. Exterior lighting should be provided only for 
special nighttime activities such as community use, 
sporting events or theatrical or music events. Light 
trespass to neighboring properties, especially 
residences, can be an issue with schools, so 
outdoor lighting should be minimized and when it is 
necessary, it should be designed to minimize 
trespass and pollution of the night sky. . If light is needed for security reasons, carefully located motion 
sensors can be used to activate low-cost compact fluorescent or quartz lights that serve as both safety 
lighting and as a deterrent against vandalism. 

Many California schools have exterior pedestrian circulation between classrooms, gyms, administration 
and other spaces. Often canopies are provided to provide shelter on rainy days. Luminaires for these 
applications should be attractive, rough-service, semi-recessed, or surface mounted with durable lens. 
The lens should be an UV-stabilized polycarbonate prismatic lens. If mounted to walls, employ designs 
that direct light downward to minimize light trespass and light pollution. 

 

Figure 101—Outdoor Lighting 

Applicable Spaces  Climates  When to Consider 

Classrooms South Coast  Programming

Library North Coast  Schematic
Multi-Purpose / Cafeteria Central Valley  Design Dev.

Gym Mountains  Contract Docs.

Corridors Desert  Construction
Administration   Commissioning

Toilets   Operation

Other   
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Parking lots and driveways should be illuminated using pole-mounted full-cutoff luminaires. Luminaires 
should be at least 17 ft above grade; actual pole height depends on the type of pole and base. Direct 
burial, color-impregnated composition or fiberglass poles are recommended if soil and other site 
conditions are acceptable. If used in the center of a large parking area, however, consider steel or 
aluminum poles that are anchor-bolt mounted to concrete foundations. Typically, luminaires will employ 
150-W or 175-W pulse start metal halide lamps, and in parking lots, two luminaires may be mounted to a 
single pole. 

Lower mounting heights may be used for walkways, especially if located away from buildings and 
parking lots. Choose between short poles (8 ft to 12 ft) using compact fluorescent or low wattage  HID 
lamps. Another option is to use knee high bollards with compact fluorescent lamps.  

Ourdoor lighting for schools should be controlled by an astronomic timeclock instead of a photocells. 
The system should permit activation at sunset and deactivation at a programmable time, allowing the 
school to be “dark” and save energy through as much of the night as possible. Separate “off” times 
programmed for parking lot, driveway, and building lighting are highly desirable. This system should be 
located where they are accessible to administration personnel. The system must be easy to set and 
have the capability for temporary manual override. 

Some outdoor lighting systems may be classified as emergency lighting for the purposes of egress. 
Such luminaires must be powered from an emergency generator or battery backup power source. See 
life-safety issues below.  

All lights should be chosen with consideration of the climate conditions under which they will operate. In 
most cases, the primary consideration is lamp-starting temperature, which is a function of both the lamp 
and ballast. Compact fluorescent and HID lamp/ballast systems will start and operate at temperatures as 
low as -5°F.  

Photovoltaic-powered lights should be considered for locations where grid power is not easily available. 

Applicability 

This outdoor lighting guideline is applicable for schools, including colleges and universities, that are 
operated at night.  

Applicable Codes 

California Energy Efficiency Standards (Title 24) 

With the 2005 update, the scope of the California energy efficiency standards was expanded to include 
new requirements for outdoor lighting. The 2001 standards addressed only lighting efficacy and controls, 
while the 2005 standards also include lighting power limits for certain outdoor lighting applications, 
shielding requirements for luminaires and other measures. The California outdoor lighting requirements 
include both mandatory measures and prescriptive requirements.  
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Mandatory Measures. The mandatory measures require that outdoor lighting be automatically controlled 
so that it is turned off during daytime hours and during other times when it is not needed. The mandatory 
measures also require that most of these controls be certified by the manufacturer and listed in the 
Energy Commission directories. Luminaires with lamps larger than 175 watts must be classified as cutoff 
so that the majority of the light is directed toward the ground. Luminaires with lamps larger than 60 watts 
must also be high efficacy or controlled by a motion sensor. More detail on the mandatory measures is 
provided in Section 6.2.  

 

Figure 102—Cutoff Luminaire Classifications 

The California standards require all outdoor luminaires greater than 175 W to be cutoff. fs 

Lighting Power. The 2005 Standards limit the lighting power that may be used for many outdoor 
applications. Lighting for parking lots, driveways, uncovered walkways and uncovered building entrances 
is considered general site illumination, and a total outdoor lighting budget is calculated, enabling 
tradeoffs between the lighting applications. Lighting power is also limited for covered walkways, covered 
entrances and illumination of building facades, but these are considered specific lighting applications 
and each application must comply with its own lighting with no tradeoffs between applications. The 
standards do not limit lighting power for sports and athletic fields; children’s playgrounds; temporary 
lighting (seasonal Christmas tree sales, for example); lighting of bridges, tunnels, stairs and ramps; 
landscape lighting; or lighting in or around swimming pools or other water features.  

California has four lighting zones for use in determining the lighting allowance. The allowed lighting 
power is greater in urban areas (lighting zone 3) and less in rural areas (lighting zone 2). The U.S. 
census bureau defines what an urban and rural area is. In addition, lighting zone 1 includes national 
parks, wilderness areas that are inherently dark at night; and lighting zone 4 are special use districts with 
intensive commercial activity and street activity at night. It is unlikely that many schools will be located in 
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zones 1 or 4. In fact the majority of schools are located in lighting zone 3 with a few in 2. Table 20 
summarizes the power allowances for common school lighting applications.  

Table 20—Outdoor Lighting Requirements for Schools 
See Tables 147-A and 147-B of the California energy efficiency standards for more detail.   

Allowed Power 

Category 
Common Lighting Application for 
Schools 

Lighting 
Zone 2 
(Rural 
Areas) 

Lighting 
Zone 3 
(Urban 
Areas) Notes 

Method 
1 0.08 W/ft²  0.15 W/ft² 

Area for calculations includes actual paved area 
plus 5 ft of unpaved land on either side of the 
path of travel.  Uncovered pedestrian 

walkways, sidewalks and 
plazas  Method 

2 1.5 W/ft 4.0 W/ft 
Area includes a 25 ft wide path incorporating as 
much of the paved area of the site roadway or 
driveway as possible. 

Method 
1 0.09 W/ft² 0.17 W/ft² 

Area for calculations includes actual paved area 
plus a 5 ft perimeter of adjacent unpaved land. It 
also includes planters and landscaped areas less 
than 10’ wide that are enclosed by paving on at 
least three sides.. 

Parking lots, driveways, 
and site roads  

Method 
2 1.5 W/ft 4.0 W/ft 

Area includes a 25 ft wide path incorporating as 
much of the paved area of the walkway or 
bikeway as possible. 

General 
Site 
Illumination 

Uncovered building entrances 0.50 W/ft²  0.70 W/ft² 
Area for calculations includes the width of doors 
plus 3 ft on either side times a distance of 18 feet 
away from the building.  

Canopies  0.25 W/ft² 0.50 W/ft²  Area for calculations includes just the space 
directly beneath the canopy. 

Facades 0.18 W/ft²  0.35 W/ft² Area for calculations only includes portions of the 
building that are illuminated. 

Specific 
Lighting 
Applications 

Ornamental lighting 0.01 W/ft²  0.02 W/ft²  This is a general allowance for the whole 
campus. 

Signs. The 2005 Standards contain either prescriptive or performance requirements for signs. Sign 
Standards apply to both indoor and outdoor signs. The prescriptive approach requires that signs use 
efficient electronic ballasts while the performance approach specifies a maximum power of 12 W/ft² of 
illuminated face for internally illuminated signs and 2.3 W/ft² for externally illuminated signs. See §148 of 
the California standard for more details.  

Installed Power. In complying with the standards, the installed power for outdoor lighting applications 
shall include both the lamp and the ballast (the whole lighting system). Manufacturer’s data or 
information from ACM Appendix NB-2005, may be used to determine the wattage of outdoor luminaires. 
Unlike interior lighting, no power credits are offered for automatic controls. However, the mandatory 
measures require certain automatic controls (see above) 

Electrical 

The Division of the State Architct (DSA) uses the California Building Code for public K-12 schools and 
community colleges that come under its jurisdiction.  For private schools that must go through a local 
building department, the National Electrical Code (NEC) usually governs the electrical portion of lighting 
installations, however, some cities have unique electrical codes.  
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Life Safety 

Because building codes consider the path of egress to continue outside the building, some exterior 
lighting, especially in exterior corridors, may need to be equipped with emergency backup power. The 
design requirement for the backup system is at least 1.0 footcandles, average, along the path of egress. 
In general, the best approach is to power some of the lighting from an emergency source, which must be 
either an emergency generator or a battery backup system capable of operating for at least 90 minutes. 
Emergency power may also be required for exterior exit signs and they, too, must be powered for at 
least 90 minutes after a power outage. 

Lighting controls must be designed such that, regardless of setting, if a power emergency occurs, the 
proper lights are illuminated. This often requires use of an automatic transfer relay or other mechanism 
that bypasses room controls during a power emergency. Transfer relays must be listed for use in 
emergency circuits. 

Seismic 

Suspended luminaires need to be positioned such that they can swing at 45º in any direction without 
striking another part of the building. Alternatively, they may be restrained to avoid contact. Luminaires 
beneath a canopy must be secured to the structure with an hanger wire or support which is independent 
of the ceiling’s support system. 

Integrated Design Implications 

Exterior lights should be chosen with the architectural impact to the building’s exterior in mind. Select the 
proper color, shape, and style to reinforce architectural themes of the building.  

Cost Effectiveness38 

The cost of exterior lighting tends to be relatively high. However, compromising on costs, 
such as using lower quality products, will result in needing to replace the lighting system 
sooner, thus making it a poor choice when considering life-cycle cost. 

 A typical pole luminaire, 17 ft high, 175 W, type III distribution, with steel pole and anchor base, 
costs approximately $1,500. 

 A bollard, contemporary, with 42-W compact fluorescent and concrete anchor base costs $600. 

 A canopy-mounted, rough-service luminaire, with two 32-W compact fluorescent, contemporary 
styled costs $300. 

 A high quality motion sensor floodlight, 350-W quartz costs $250. 

                                                      
38  Ibid. 
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Switching and emergency power costs vary and are in addition to the luminaire costs. 

Benefits 

Properly designed exterior lighting systems permit the extended use of the facility, promoting increased 
personal safety and security and reduced vandalism. Properly designed systems will also minimize light 
trespass and pollution.  

Design Tools 

Outdoor lighting analysis and design tools are more simple than indoor tools because it is not necessary 
to consider reflection for most applications. However, many of the same tools used for indoor lighting 
applications may also be used for outdoor lighting applications. See the Overview section of this chapter 
for more details. 

Design Details 

 Lighting layouts for parking lots and pedestrian access from the parking lot to the building should be 
performed using an outdoor lighting analysis computer program. At minimum horizontal illumination 
of 0.5 footcandles throughout the parking lot, with an average horizontal illuminance of 2.0 
footcandles. Uniformity (the ratio between the maximum and minimum illumination) should not 
exceed 4:1. 

 Pole lights should use a variation of the classic “shoebox” full cutoff lights. Avoid traditional lights or 
contemporary lights that do not produce full shielding.  

 Many choices in wall-mounted luminaires exist, and this is one situation where aesthetics may be 
critical. Be certain to choose die-cast aluminum bodies, rough-service polycarbonate lenses or 
diffusers, and/or other heavy-duty construction. A number of look-alike products made of lightweight 
and inferior materials are on the market, so be especially wary of imitations and substitutes. 

 If choosing a “dark” school approach to security, use of motion sensors and quartz floodlights may 
be warranted. Either separate or integrated units may be used. Quality is especially important in 
choosing exterior motion sensors, since a faulty sensor will give false indications and activate lights 
(and possibly concerned neighbors) needlessly. 

 Consider zoning exterior lighting so that the parking lot zone nearest the building can be activated 
separately from the majority of the lot. 

 Manual override switching of the lighting system should NOT be readily accessible. Locate controls 
in a supervised location. Use a digital controller, not a mechanical “time clock.” 
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Operation and Maintenance Issues 

This design should be easy to operate and manage. As with most HID and compact fluorescent lighting 
systems, the lighting system should be group relamped every 8,000 hours, or about every two years. 
Ballast life should cover 10 years or more. Spot relamping is recommended to ensure security and 
safety. The design should make cleaning of systems simple. See CHPS Maintenance and Operation, 
Volume IV for more details on maintaining lighting and electrical systems.  

Commissioning  

These systems are relatively easy to commission. Perhaps the most critical step is ensuring that the 
lighting controls are properly set and calibrated.  

References/Additional Information 

See the Overview section of this chapter. 
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