
A Bright Idea: Energy 
Effi cient Lighting for Offi ces
For a number of reasons, businesses are increasingly looking for ways in which to incorporate sustainability 
practices into their regular operations. An eff ective method of achieving such goals is to develop increased ef-
fi ciency with regard to energy consumption, and lighting is one system that should be given strong consideration 
and priority. Effi  ciently planned lighting can have a signifi cantly benefi cial impact on a business’s energy associ-
ated costs as well as on its environmental reputation. In order to be truly eff ective, numerous aspects of lighting 
design must be taken into account. Diff erent types and quantities of light result in various noteworthy charac-
teristics that can aff ect a workspace. Additionally offi  ce lighting systems demand a comprehensive overview of 
possible lighting eff ects, lamps, fi xtures, and controls. Depending on the intended use of a commercial building, 
specifi c light levels will be required for diff erent workspaces. Renovating an existing building calls for certain 
considerations, while incorporating a comprehensive lighting plan during initial construction involves other 
strategies. Federal and state fi nancial incentives may apply in either scenario and should be utilized. Overall, 
energy consumption, fi nancial costs, and employee productivity will all be positively impacted by creating an ef-
fi cient lighting system. Th is paper addresses these issues with the intention of serving as an aid to businesses who 
wish to pursue lighting effi  ciency.
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Regardless of what type of business you are 
operating, developing a sound lighting system 
will play a signifi cant role in creating a productive 
offi  ce environment and in reducing costs associated 
with energy use. In commercial buildings lighting 
accounts for at least 35 percent of electricity use, 
making it the single largest energy consumption 
contributor as shown in Figure 1.1.1 It is therefore a 
strong candidate for implementing new technology 
to decrease this heavy use.

Figure 1.1, Lighting share of commercial building electricity use

Th ere are many reasons why striving for reduced 
energy consumption makes good business sense. 
Commonly used energy sources like oil and coal are 
nonrenewable and will not last forever. While their 
production has been made cheap in the past, prices 
1 ENERGY STAR Building Upgrade Manual. EPA, 2008. 
Web.<http://www.energystar.gov/index.cfm?c=business.bus_
upgrade_manual>.

are predicted to rise as such sources become scarce.2 
New alternative energy sources like solar and wind 
will be potential substitutes, but their development 
may not be quick enough to bring their costs down to 
levels at which consumers are accustomed.3 No matter 
the source, energy use is a considerable cost associated 
with business operations, which can be signifi cantly 
lowered by improvements in lighting effi  ciency.

From an environmental stewardship standpoint, 
energy use is linked to substantial negative impacts. 
Carbon dioxide produced as a byproduct contributes 
to global climate change, and the processes of 
extracting the required resources from the earth 
cause serious environmental degradation. More and 
more consumers are becoming aware of these issues 
and many are now beginning to take environmental 
responsibility into consideration when choosing 
which businesses they wish to support. By taking 
steps to simultaneously reduce your carbon footprint 
and other impacts on nature through developing 
a sound lighting design, you can publicize such 
environmentally responsible practices to attract 
customers and increase profi ts.4

2 Poor, Jeff . “Return of High Oil Price Predictions: CNBC 
Segment Warns of $300 Oil.” NewsBusters. 9 May 2009. Web. 
<http://newsbusters.org/blogs/jeff -poor/2009/05/09/return-
high-oil-price-predictions-cnbc-segment-warns-300-oil>.
3 Wald, Matthew L. “Cost Works Against Alternative 
and Renewable Energy Sources in Time of Recession.” Th e 
New York Times. 28 Mar. 2009. Web. <http://www.nytimes.
com/2009/03/29/business/energy-environment/29renew.
html?_r=1>.
4 Green Consumers. Green Living Tips, 1 July 2009. 
Web. <http://www.greenlivingtips.com/articles/84/1/Green-
consumers.html>.
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Developing an effi  cient lighting system can be 
challenging, but is quite manageable once you know 
what all of your available options are. By gaining 
a comprehensive understanding of the aspects of 
lighting presented in this paper and comparing them 
with the specifi c lighting needs of your business, you 
will be able to evaluate which lighting practices best 
fi t your requirements, while minimizing costs and 
environmental impacts.
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2. The Basics

WHY IS LIGHTING IMPORTANT?

Th e fi rst thing we automatically do when entering a 
room is fl ip on the light switch. But there is much 
more to it than that. All offi  ces rely on light, but 
they vary in requirements of type and quantity. 
Th e following explanations of lighting elements are 
provided to enhance your understanding of how 
such aspects can aff ect an employee’s experience in an 
offi  ce. Careful planning and evaluation of available 
lighting options will result in a comprehensive lighting 
plan to effi  ciently meet any offi  ce demands.

ILLUMINANCE

Illuminance, measured in footcandles (fc), refers 
to the amount of light striking an object. Th e 
Illuminating Engineering Society (IES) recommends 
a range of illuminance levels depending on the task 
at hand. For example, everyday offi  ce tasks should 
not be exposed to illuminance above 50 fc. Excessive 
light impedes the visibility of computer screens and 
can make ordinary papers appear too bright. Worker 
age also factors in, as older eyes can require twice 
as much illumination as the eyes of a young adult. 
Additionally consistent illuminance is important to 
avoid distracting bright and dark contrasts.5

GLARE

Excessive brightness, or glare, can occur depending 
on how much light is emitted in a certain direction, 
the size of the object from which the light is coming, 
and its contrast with surrounding areas. Glare results 

5 Critical Offi  ce Lighting Parameters. Lighting.com. 
Web.<http://www.lighting.com/content.cfm?id=47&sid=15&p
age=/4-9-47-00.html>.

from a direct bright light source or an indirect 
refl ection and causes discomfort. It can be limited 
by using forms of indirect lighting such as shielding 
luminaires whose fi xture structure interferes with 
direct light beams.6

CORRELATED COLOR TEMPERATURE AND 
COLOR RENDERING INDEX

Correlated color temperature (CCT) aff ects the 
ambiance of an offi  ce. Color impressions vary from 
warm to neutral to cool. 3000K fl uorescent lamps 
provide a warm color that contributes to a residential 
feel. Neutral coloring is more common for offi  ce 
environments and involves 3500K fl uorescent 
lamps. Cool color impressions, provided by 4100K 
fl uorescent lamps, appear more white than yellow 
and contribute to a more modern mood. Color 
rendering index (CRI), on the other hand, refers 
to how well a light source accurately enhances an 
object’s true colors. Tasks such as graphic design that 
require detailed, precise attention to color call for a 
CRI of at least 90, while most offi  ces do well with a 
CRI range of 80 to 90.7

HEAT GAIN

Physical temperature is signifi cantly impacted 
by lighting. Many light bulb models are actually 
more effi  cient at creating heat than they are at 
producing light. Such systems result in heat gain, 
which requires buildings to compensate by cooling 
excessively, thereby wasting unnecessary energy 
and money. Effi  cient lighting reduces heat gain 

6 Ibid
7 Ibid
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and can lower the cost of heating, ventilating, and 
air conditioning (HVAC) energy use.8 Apogee 
Interactive, a provider of energy effi  ciency solutions 
since 1994, estimates that for every two to three 
kilowatts used for lighting, an additional kilowatt 
of cooling is required, such that reduction in light 
demand by one kilowatt can decrease total energy 
use by 1.3 to 1.5 kilowatts.9

SAFETY

Safety is linked to lighting in multiple ways. 
During power outages, lighting must be available 
including exit signs that designate emergency escape 
routes.10 Another example is that lighting can cause 
a dangerous risk of fi re if high heat-producing bulbs 
are placed near fl ammable objects. Additionally, 
indoor and outdoor lighting help deter crime and 
improve security throughout the premises. While a 
well-lit property cannot guarantee that crime will 
not occur, light serves as a deterrent making it far 
less likely. A variety of lights work well for such use, 
and occupancy sensors are desirable because they 
directly draw attention to burglars.11

VISUAL INTEREST

To avoid creating offi  ce environments that look 
like an overcast day, visual interest should also 
be considered. Lighting has been shown to aff ect 

8 ENERGY STAR Building Upgrade Manual. EPA, 2008. 
Web.<http://www.energystar.gov/index.cfm?c=business.bus_
upgrade_manual>.
9 Basic Lighting Principles. Apogee Interactive, 2009. Web. 
<http://tristate.apogee.net/lite/bxbasic.asp>.
10 ENERGY STAR Building Upgrade Manual. EPA, 2008. 
Web.<http://www.energystar.gov/index.cfm?c=business.bus_
upgrade_manual>.
11 Outdoor Security Lights & Security Lighting Information. 
Residential Landscape Lighting & Design, 2009. Web. <http://
www.residential-landscape-lighting-design.com/outdoor_
security_lighting.htm>.

workers’ productivity, comfort, health, and mood.12 
Selective highlighting aimed at plants, artwork, 
or other central objects can make a space more 
aesthetically appealing and enjoyable.13 Such 
techniques should be used in moderation, as 
providing light that is not directly necessary for given 
tasks can be wasteful.

WHAT IS A WATT?

When choosing between lighting options, it is 
important to understand how they are measured. 
While lumens are used to account for how much 
light is being generated by a source, watts refer to 
the amount of electricity consumed in producing 
that light.14 A bulb’s light output in lumens is 
typically rated based on what it produces after 100 
hours of operation, as light production decreases 
with use.15 One watt is equivalent to one joule of 
energy per second; therefore bulbs with higher 
wattage use more energy as time passes. Watts in 
no way indicate brightness, but rather they can be 
used to compare how effi  ciently bulbs use energy to 
generate light.16

12 ENERGY STAR Building Upgrade Manual. EPA, 2008. 
Web.<http://www.energystar.gov/index.cfm?c=business.bus_
upgrade_manual>.
13 Critical Offi  ce Lighting Parameters. Lighting.com. 
Web.<http://www.lighting.com/content.cfm?id=47&sid=15&p
age=/4-9-47-00.html>. 
14 “Lighting.” Consumer Energy Center. California Energy 
Commission, 2009. Web.<http://www.consumerenergycenter.
org/lighting/bulbs.html>.
15 Basic Lighting Principles. Apogee Interactive, 2009. Web. 
<http://tristate.apogee.net/lite/bxbasic.asp>.
16 “Lighting.” Consumer Energy Center. California Energy 
Commission, 2009. Web.<http://www.consumerenergycenter.
org/lighting/bulbs.html>.
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LIGHT BULB MODELS – WHAT’S THE 
DIFFERENCE?

Over 100 years ago, Th omas Edison invented the 
incandescent light bulb. Th is bulb produces light 
as electricity heats up a wire fi lament and causes it 
to glow inside a glass bulb. Because this is roughly 
similar to how electric heaters work, more than 
90 percent of energy generated by an incandescent 
bulb is actually heat instead of light. Th is typically 
leads to increased cooling costs to off set the 
unintended heat gain. Another drawback to this 
design is that these bulbs typically burn out after 
only a 750- to1,000-hour lifespan. Despite their 
apparent ineffi  ciencies, advantages to this model 
include inexpensive purchase costs, production of a 
desirable warm color light, and compatibility with 
dimmers.17 Incandescent lamps are typically found 
in recessed can fi xtures, wall sconces, suspended 
fi xtures, lamps and task lighting, accent lighting, 
illuminated exit signs, and exterior lighting.18

Halogen lights are more effi  cient, longer lasting 
versions of Edison’s incandescent model. Unlike 
incandescent lights, halogens do not fade with age 
and their white colored light is often focused by a 
parabolic aluminized refl ector.19 Th ey are considered 
eff ective for executive offi  ces, conference rooms, or 
other areas where a controlled beam, dimmability, or 

17 “Lighting.” Consumer Energy Center. California Energy 
Commission, 2009. Web.<http://www.consumerenergycenter.
org/lighting/bulbs.html>.
18 Putting Energy Into Profi ts: ENERGY STAR Small 
Business Online Guide. EnergyStar, Sept. 2007. Web.<http://
www.energystar.gov/ia/business/small_business/sb_guidebook/
smallbizguide.pdf>.
19 “Lighting.” Consumer Energy Center. California Energy 
Commission, 2009. Web.<http://www.consumerenergycenter.
org/lighting/bulbs.html>.

small size are preferred.20 Standard halogens are fairly 
effi  cient, however most offi  ces use wasteful halogen 
tube lights. At 500 watts, these tubes produce four 
times more heat than the average incandescent. 
Curtains and other combustibles must be kept away 
from these hot bulbs—they can reach 1,200 degrees 
Fahrenheit!21

Fluorescent lighting is highly effi  cient and has 
the longest-lasting bulb around. Th eir phosphor-
coated tubes are fi lled with a small amount of 
mercury and an inert gas. Th e color of the light 
depends on the gas used, and the warm color of an 
incandescent can be easily matched. Many of the 
initial problems related to fl uorescents have now 
been resolved such as bothersome fl ickering or 
buzzing. Fluorescent tubes use about 25 percent of 
the energy that incandescent bulbs use to produce 
the same amount of light and they last about 
10,000 hours longer—that is ten to 15 times the 
lifespan of an incandescent!22 Th e primary source of 
light for most offi  ces are linear fl uorescent lamps. 
Th ese are categorized as T5, T8, or T12, where the 
number refers to the diameter as measured in 1/8 of 
an inch. T8 (one inch in diameter) or T5 fl uorescent 
lamps are currently the most appropriate lamps 
for offi  ce applications and are much more effi  cient 
than traditional T12 systems.23 Fluorescent lamps 
are often used in suspended and recessed troff ers, 

20 Offi  ce Lighting Systems. Light.com. Web.<http://www.
lighting.com/content.cfm?id=44&sid=15&page=/4-9-44-00.
html>.
21 “Lighting.” Consumer Energy Center. California Energy 
Commission, 2009. Web.<http://www.consumerenergycenter.
org/lighting/bulbs.html>. 
22 Ibid
23 Offi  ce Lighting Systems. Light.com. Web.<http://www.
lighting.com/content.cfm?id=44&sid=15&page=/4-9-44-00.
html>.
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recessed can fi xtures, wall sconces, suspended 
fi xtures, lamps and tasking lighting, accent and 
lighting, illuminated exit signs, and exterior and 
façade lighting.24 

Compact fl uorescent lights (CFL) work exactly the 
same as fl uorescents, but their tubes are smaller and 
folded such that they can fi t into spaces originally 
designed for an incandescent bulb.25 Nevertheless, 
CFLs still release about 80 percent of their energy 
as wasteful heat.26 ENERGY STAR recommends 
that CFLs be turned on for at least 15 minutes at a 
time to ensure a long lifespan. When such lights are 
turned on or off , a brief surge in energy use occurs 
consuming the equivalent amount of energy as fi ve 
seconds of normal use. Despite this small increase of 
energy use, it remains effi  cient to consistently turn 
off  lights when leaving a room.27

Light-emitting diodes (LED) use the movement 
of electrons through a semiconductor material 
to generate light. LED lighting is more effi  cient 
and longer-lasting than both incandescent and 
fl uorescent lights. LEDs emit light in a specifi c 
direction rather than outwards in all directions, 
which is much better suited for many fi xture 
types like recessed downlights or troff ers as shown 

24 Putting Energy Into Profi ts: ENERGY STAR Small 
Business Online Guide. EnergyStar, Sept. 2007. Web.<http://
www.energystar.gov/ia/business/small_business/sb_guidebook/
smallbizguide.pdf>.
25 “Lighting.” Consumer Energy Center. California Energy 
Commission, 2009. Web.<http://www.consumerenergycenter.
org/lighting/bulbs.html>.
26 Learn About LEDs. ENERGY STAR. Web. <http://www.
energystar.gov/index.cfm?c=lighting.pr_what_are>.
27 Can I turn my CFLs on and off  frequently? ENERGY 
STAR, 9 Oct. 2009. Web. http://energystar.custhelp.com/cgi-
bin/energystar.cfg/php/enduser/std_adp.php?p_faqid=2569 

in Figure 2.1.28 A small amount of waste heat is 
produced, but LEDs remain cool to the touch. 
Attachment to a circuit board allows LEDs to be 
programmed with controls like dimming and pre-
set timing. Low-powered LEDs have long been 
known for their effi  ciency in items like exit signs 
or computer power buttons. High-powered LEDs, 
on the other hand, are still being developed to 
illuminate large areas. Remaining problems include 
fl ickering, color shifting, uneven lighting, and 
wasting energy even when turned off .29 LEDs remain 
your best bet for situations where long life and low 
energy use are important.30

Figure 2.1, Light wasted by fl uorescent or incandescent lamps 
in recessed fi xtures.

High-intensity discharge (HID) systems are used to 
light large areas with high ceilings. Like fl uorescents, 

28 “Using Light-Emitting Diodes.” Solid-State Lighting. U.S. 
Department of Energy, 3 Oct. 2008. Web. <http://www1.eere.
energy.gov/buildings/ssl/using_leds.html>.
29 Learn About LEDs. ENERGY STAR. Web. <http://www.
energystar.gov/index.cfm?c=lighting.pr_what_are>.
30 Investment Projects. Apogee Interactive, 2009. Web. 
<http://tristate.apogee.net/lite/binvpro.asp>.
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HIDs contain mercury and require ballasts. Older 
systems might contain polychlorinated biphenyls 
(PCB) or other harmful materials. Th e lamps range 
from 50 to 2,000 watts and are found in garages, 
warehouses, high-ceilinged areas, accent lighting, 
and exterior safety and security lighting.31 Notable 
types of HIDs are metal halide, mercury vapor 
pressure, high sodium pressure, and low sodium 
pressure. Low sodium pressure HIDs are some of 
the most effi  cient lights around; however, they are 
expensive and do not render color well.32

31 Putting Energy Into Profi ts: ENERGY STAR Small 
Business Online Guide. Energy Star, Sept. 2007. Web. <http://
www.energystar.gov/ia/business/small_business/sb_guidebook/
smallbizguide.pdf>.
32 Lamp Types. Apogee Interactive, 2009. Web. <http://
tristate.apogee.net/lite/bltypes.asp>.

Lighting can impact worker productivity as well as 
building energy use and effi  ciency. Keeping in mind 
diff erent aspects of lighting and the assortment of 
bulb types, various offi  ce lighting systems should also 
be evaluated to fi nd a best fi t lighting solution. Th e 
following chart provides a summary of some of the 
most effi  cient bulbs for specifi ed applications.33 

33 Putting Energy Into Profi ts: ENERGY STAR Small 
Business Online Guide. Energy Star, Sept. 2007. Web. <http://
www.energystar.gov/ia/business/small_business/sb_guidebook/
smallbizguide.pdf>.

Applicati on and Example HID CFL
T8 Flourescent 

(Linear)

T5 Flourescent 

(Linear)
LED

Low ceiling Offi  ce, conference 

room, classroom
 

High ceiling Warehouse, lobby    
Exterior lighti ng Parking lot   
Accent lighti ng Display, artwork    
Task lighti ng Desk lamp    
Exit sign lighti ng Exit sign 
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3. Offi  ce Lighti ng Systems

LIGHTING EFFECTS

In order to fully take into account the results of a 
lighting system rather than focusing solely on the 
means, it is important to evaluate possible lighting 
eff ects. Such eff ects are judged by the manner in 
which they illuminate a certain work plane, namely 
an offi  ce desk. Direct lighting typically comes from 
sources mounted on the ceiling or on a pendant in 
addition to task lighting sitting on a desk. It hits the 
work plane absent of refl ection resulting in effi  cient 
bright light that works well for environments with 
low ceilings. Despite these benefi ts, direct lighting 
can cause unwanted refl ections, shadows, and glare if 
not carefully designed.34

Alternately, indirect lighting is refl ected off  a surface 
like the ceiling or a wall before shining down onto 
the work plane. It provides a more comfortable 
light and few if any shadows. However, fi xtures that 
supply indirect lighting require higher ceilings and 
can be more costly than direct lighting. Th e light 
can also appear somewhat dull. Th e two eff ects 
can be combined for similar costs as completely 
indirect fi xtures. Th e combination of direct/indirect 
is often preferred as it provides brightness, comfort, 
and visual interest. Th is eff ect can be modifi ed by 
varying the proportions of direct to indirect lighting 
fi xtures.35 For a visual comparison of three fi xtures 
supplying each type of light, see Figure 3.1.36

34 Offi  ce Lighting Systems. Light.com. Web. <http://www.
lighting.com/content.cfm?id=44&sid=15&page=/4-9-44-00.
html>.
35 Ibid
36 ENERGY STAR Building Upgrade Manual. EPA, 2008. 
Web. <http://www.energystar.gov/index.cfm?c=business.bus_
upgrade_manual>.

Figure 3.1, Lighting fi xtures may send most of their light 
downward, upward, or a mixture of the two.

Like an overcast sky, diff use lighting is spread out 
with minimal glare or shadows. Large fl uorescent 
lamps provide such lighting and are eff ective for 
offi  ce environments. Oppositely, concentrated 
lighting creates a sharp contrast that while visually 
interesting, is not suitable for most offi  ces.37

Ideally, an offi  ce lighting plan incorporates task, 
ambient, and accent lighting eff ects. Task lighting 
is designed to facilitate the performance of a specifi c 
duty, ambient lighting should eff ectively fi ll 
remaining offi  ce space, and accent lighting highlights 
certain features to enhance aesthetics. It is important 
to achieve all three to create an offi  ce space that is 
comfortable and conducive to work.38

LAMPS AND BALLASTS

Th e term “lamps” refers to light bulbs or tubes, 
and as previously explained can vary in performance 
depending on type. Ballasts are required for all 
fl uorescent and HID lamps. Together, they function 
as a system. Once electromagnetic, ballasts are now 
electronic improving their energy consumption, 
noise, fl icker, weight, and size. Th ey can effi  ciently 

37 Ibid
38 Ibid
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operate up to four lamps simultaneously but with 
some limited control options.39 Some magnetic 
ballasts are still in production; however, federal 
requirements are now stricter in terms of energy 
effi  ciency for 4-foot and 8-foot fl uorescent fi xtures. 
Such ballasts are marked with an “E” label certifying 
their compliance. Some CFLs are designed such that 
the bulb cannot be separated from its ballast. Other 
fl uorescent models can be detached from the ballast, 
allowing for continued use given that ballasts last up 
to 45,000 hours, which is nearly fi ve times as long as 
the lifespan of the bulb.40

LUMINAIRES

Luminaires are lamps together with their fi xtures 
and can vary based on light source, installation, 
and distribution. One of the least expensive and 
most common types is the troff er. Th is recessed 
fl uorescent luminaire is mounted on the ceiling 
pointing downward. Standard grid ceilings use 
2x4-foot or 2x2-foot troff ers in rectangular arrays. 
While the 2x4-foot model uses linear lamps and is 
less costly, some designers prefer the non-directional 
ceiling layout provided by the U-bent linear lamps 
in 2x2 feet.41 Pendant fl uorescent luminaires can 
create direct, indirect, or direct/indirect lighting. 
Such systems are usually more expensive than 
recessed luminaires and they require high ceilings.42

Task lights are desirable because they can be 
controlled to suite an individual’s work. Th ey are 
often either mounted to shelves above a work surface 
39 Ibid
40 Investment Projects. Apogee Interactive, 2009. Web. 
<http://tristate.apogee.net/lite/binvpro.asp>.
41 Offi  ce Lighting Systems. Light.com. Web. <http://www.
lighting.com/content.cfm?id=44&sid=15&page=/4-9-44-00.
html>.
42 Ibid

or sourced in a freestanding desk lamp and help to 
counteract potential shadows. Downlight beams 
enhance shape and texture over large surfaces and 
are sourced in four to eight inch diameter openings, 
however can be costly and generate less light. Accent 
lights can either be fi xed along with downlights or 
adjustable from where they are mounted. Th eir direct 
light beams are used to highlight a specifi c object.43

Often used in open space offi  ces as well as circulation 
or reception areas, wall washers are located where 
walls meet the ceiling to brighten vertical surfaces. To 
further increase brightness along the perimeter of a 
space, wall sconces can be used. Th ey provide visual 
interest while contributing to the indirect lighting 
of a space and are often placed in executive offi  ces, 
conference areas, and reception or circulation areas. In 
order to comply with the American Disabilities Act of 
1990 (ADA), such wall-mounted luminaires must not 
extend more than four inches away from the wall.44

Combinations of these luminaires can be designed to 
off er a desirably lit offi  ce environment. Th e type and 
quality of their light should be carefully considered 
when designing a lighting plan.

CONTROLS

Lighting controls can vary between on/off  switching 
or dimming, and manual or automatic devices. 
Systems can be used to control a single luminaire, 
a specifi ed space, or a whole building. Th e simplest 
method of control is zoned switching, in which 
building codes designate the number of zones 
required. By wiring alternate lamps or luminaires into 
diff erent zones, varied light levels can be achieved.45

43 Ibid
44 Ibid
45 Ibid
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Time-of-day switching involves programming 
lights to turn off  based on routine occupancy. It is 
often part of a comprehensive building management 
system and works well for open areas with consistent 
working schedules. If necessary, overrides can be 
incorporated to allow lights to remain on when 
employees work late.46 Alternatively, occupancy 
sensors are designed to turn on or off  automatically 
by detecting if people are present in a specifi ed space. 
Ultrasonic sensors work well in partitioned spaces by 
emitting a signal that is refl ected and bounced back, 
but can be easily falsely tripped, for example from 
any movement caused by an HVAC system. Passive 
infrared (PIR) systems are more common and less 
costly. Th ey are less prone to false triggering as they 
measure changes in body heat, but they require a 
direct line of site and do not function well around 
partitions. Some hybrid systems also exist as shown 
in Figure 3.2.47 Sensors are typically best placed in 
ceilings, but for smaller rooms wall-mounted sensors 
can also be functional.48 Overall occupancy sensors 
are cost-eff ective especially in areas of irregular 
occupancy patterns such as private offi  ces, and can 
usually be economically retrofi tted.49 

46 Ibid
47 Ibid
48 ENERGY STAR Building Upgrade Manual. EPA, 2008. 
Web. <http://www.energystar.gov/index.cfm?c=business.bus_
upgrade_manual>.
49 Offi  ce Lighting Systems. Light.com. Web. <http://www.
lighting.com/content.cfm?id=44&sid=15&page=/4-9-44-00.
html>.

Photocell dimming controls use a photocell to 
read the light level in a space and a ballast to adjust 
the lighting accordingly. Th ese are helpful for 
maintaining a specifi ed level of light by dimming 
lamps when daylight is present. Such a solution is 
very effi  cient but costly and should be incorporated 
from the start in lighting system construction. Multi-
scene present dimming allows spaces like conference 
rooms to have various fi xed light settings for 
scenarios like meetings, presentations, or cleaning. 
Th ey are controlled by easy-to-use programmable 
buttons.50

Controls provide important strategies for lighting 
an offi  ce without wasting energy when light is 
unnecessary.

Figure 3.2, Hybrid Ultrasonic/Infrared Occupancy Sensor

50 Ibid
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4. Offi  ce Characteristi cs: Designing 
Your Opti mal Plan

COMMERCIAL BUILDINGS DEFINED

Th e Department of Energy’s Energy Information 
Administration (EIA) defi nes commercial buildings 
as those in which nonresidential, nonindustrial, or 
nonagricultural use accounts for 50 percent of a 
building’s fl oor space. In studies, the EIA divides 
commercial buildings into the categories of those built 
before 1980 and those built since. Approximately 83 
percent of old commercial buildings in the United 
States have not updated their lighting systems and are 
using outdated technology, according to a 2003 EIA 
survey analysis. Th e EIA is currently calculating and 
analyzing data from 2007, but even with unexpected, 
dramatic progress, it is anticipated that the United 
States would still have up to two-million or possibly 
more commercial buildings that would benefi t from 
lighting upgrades.51

TASK APPROPRIATE

Th roughout an offi  ce building, various spaces are 
used for specifi c activities. Th e IEA has set the 
following light level recommendations depending on 
tasks typical of certain areas: 

51 2 Million-Plus U.S. Buildings Are Candidates for Lighting 
Upgrades. Lightboard. 26 Oct. 2009. Web.<http://www.
lightboard.com/index.cfm?page=main&frm=article&id=1499>.

Light meters exist to help measure levels to ensure 
they are appropriate.52 Several light meter retailers 
can be found online. For example, Calright 
Instruments provides a variety of models depending 
on your budget and application. Basic, simple to use 
light meters that display readings in footcandles can 
be as inexpensive as $49. Models that diff erentiate 
between types of light sources (i.e., daylight, 
fl uorescent, sodium) and include features like 
backlighting for low-light readings can be over $500. 
Th ese also include software to enable detailed data 
management.53 

52 Basic Lighting Principles. Apogee Interactive, 2009. Web. 
<http://tristate.apogee.net/lite/bxbasic.asp>. 
53 Light Meters. Calright Instruments, 2004. Web. <http://
www.calright.com/_coreModules/common/categoryDetail.
aspx?entityType=6&categoryID=43&gclid=COaqoZ_
plJ4CFQifnAodryiIrQ>.

Applicati on
Recommended 

Light Level (fc)

General offi  ces 50-100

Conference rooms 20-50

Corridors, stairways, restrooms 10-20

Storage rooms 10-50

Draft ing, accounti ng work areas 100-200

Areas with VDT computer or TV screens 75

Uncovered parking areas 1-2
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5. Renovati ons and Quick Fixes

OVERVIEW

When renovating an offi  ce building, the basic 
original lighting system will remain in place, 
however modifi cations can be made. Th ese typically 
include the switching out of less effi  cient lamps for 
more effi  cient ones, rewiring to enable improved 
control, and the relocating of light fi xtures based on 
task, glare, or other ineffi  cient or discomfort-causing 
factors. While such changes can be a smart move, the 
existing system will heavily infl uence the extent and 
type of changes that can be made.54 In commercial 
buildings lighting can be the form of energy 
consumption easiest to improve and such changes 
can often be made more cheaply than attempting to 
modify other energy using systems.55

TUNE-UPS

As time passes, any lighting system will eventually 
become less effi  cient. In most energy systems, 
3.6 percent of total defi ciencies can be attributed to 
lighting. While not all aspects of this can be avoided, 
certain effi  ciency losses including dirt accumulation on 
lenses, lumen depreciation, and improperly functioning 
controls can in fact be mitigated. Th e ENERGY 
STAR building upgrade manual suggests performing a 
lighting system tune-up in the following order.56

1. Clean! Existing fi xtures should be cleaned and 
burnt-out lamps should be replaced regularly in 

54 Remodeling & New Construction. Apogee Interactive, 
2009. Web. <http://tristate.apogee.net/lite/bremnew.asp>.
55 Basic Lighting Principles. Apogee Interactive, 2009. Web. 
<http://tristate.apogee.net/lite/bxbasic.asp>.
56 ENERGY STAR Building Upgrade Manual. EPA, 2008. 
Web. <http://www.energystar.gov/index.cfm?c=business.bus_
upgrade_manual>.

order to restore (or nearly restore) light levels. 
Simple cleaning can increase light output by as 
much as 50 percent.

2. Measure! After altering illuminance levels, it is 
important to ensure that they remain appropriate 
for required tasks. Additionally the way in which 
a space is used as well as the location of furniture 
or walls may change over time such that offi  ce 
use requirements and lighting uniformity should 
be reevaluated.

3. Control! A building’s automatic lighting controls 
may have been altered by occupants over time, or it 
is possible that they were never properly calibrated 
in the fi rst place. Sensors should periodically be 
examined to make sure that furnishings are not 
obstructing their line of sight and that the specifi ed 
area is adequately covered. Additionally, exterior 
lighting controls should likely be altered depending 
on the season and the hours of daylight. Checking 
up on controls and sensors can improve energy 
savings by 50 percent or more.57

REMOVE UNNECESSARY LIGHTS

Th e Lighting Research Center (LRC), which is 
affi  liated with the Rensselaer Polytechnic Institute, 
promotes the advancement of the eff ective use of light 
for society and the environment. Th ey conducted a 
study in which they aimed to fi nd a balance between 
saving energy without major renovations and avoiding 
an offi  ce that appears too gloomy and dark. Th ey used 
the open-plan offi  ce space at the State of Connecticut 
Department of Public Safety as their lab and found 
some valuable results. Th e LRC removed the central 

57 Ibid
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of three fl uorescent lamps in each luminaire as shown 
in Figure 5.1, which reduced ambient light levels 
by close to 40 percent.58 Th is reduction resulted in 
increased use of task lights at individual desks, but the 
resulting overall energy savings remained unaff ected 
by this negligible amount of task lighting. Towards the 
beginning, employees disapproved of the decrease in 
light but over the long-term there was no signifi cant 
change in worker satisfaction. Th e LRC concluded that 
the following steps should be followed to agreeably 
reduce energy consumption in open-plan offi  ces:59

1. Most offi  ces use three-lamp or four-lamp recessed 
parabolic luminaires. Check whether these 
luminaires can operate on fewer lamps without 
modifi cation. If they cannot, the retrofi t process 
is unlikely to be economical.

2. Assuming that the luminaires can work with 
fewer lamps, relamp the whole installation with 
fl uorescent lamps rated at 5000K CCT.

3. Remove one lamp from every third luminaire, 
except from those around the perimeter of the 
offi  ce space.

4. Wait three months. Th is allows time for workers 
to adapt to the new lighting. Afterwards, remove 
one lamp from every second luminaire, except 
those on the perimeter.

5. Wait another three months for adaptation time. 
Th en, remove one lamp from all the remaining 
luminaires, except those on the perimeter.

6. Have a stock of task lights available to workers 
who complain of too little light.”60

58 Taylor, Jennifer. “Simple Retrofi t Options Explored in 
Offi  ce Lighting Field Study.” LRC News. Lighting Research 
Center, 12 July 2005. Web. <http://www.lrc.rpi.edu/resources/
news/enews/Jul05/general262.html>.
59 Ibid
60 Ibid

It is additionally important to note that when 
removing fl uorescent lamps, their ballasts must also 
be removed. Otherwise these ballasts will continue to 
consume energy. For example a ballast wastes 6.5 watts 
even when its two 40-watt lamps are uninstalled.61

Figure 5.1, Pre-retrofi t lamps (left) & SEL lamps (right)

INSTALLING CONTROLS

As previously described, some types of controls are 
easier to install retroactively than others. Occupancy 
sensors, for example, tend to be economically 
advantageous to install, while photocell dimming 
controls are more complicated and may not be 
worthwhile.62 Monitoring lighting and occupancy 
patterns can help determine if installing an occupancy 
sensor would indeed be economically feasible. Crucial 
information on the total amount of time when a space 
is vacant yet the lights remain on can be obtained 
through random surveys or inexpensive datalogging 
systems.63 Countless brands and models of such 
sensors exist, and few examples of online retailers are 
provided in the following chart.
61 No-Cost Improvements. Apogee Interactive, 2009. Web. 
<http://tristate.apogee.net/lite/bnocost.asp>.
62 Offi  ce Lighting Systems. Light.com. Web. <http://www.
lighting.com/content.cfm?id=44&sid=15&page=/4-9-44-00.
html>.
63 ENERGY STAR Building Upgrade Manual. EPA, 2008. 
Web. <http://www.energystar.gov/index.cfm?c=business.bus_
upgrade_manual>.
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64, 65, 66, 67, 68

64 Leviton 180 Degree 500 sq ft. Ultrasonic Ceiling-Mount Occupancy Sensor With Ambient Light Override. 
Twacomm.com. Web. <http://www.twacomm.com/catalog/model_ODC05-URW.htm?pid=1000&utm_source=fgl&utm_
medium=prodlist&utm_term=ODC05-URW>.
65 Th e Watt Stopper UW-100 Ultrasonic Light Almond Wall Switch Sensor. Goodmart, 2009. Web. <http://www.goodmart.
com/products/1306669.htm>.
66 SQD-SLSWPS1500 Wall Mounted Passive Infrared Occupancy Sensor. Edgemont Precision Rebuilders, Inc., 2009. Web. 
<http://www.eprinc.net/catalog.asp?prodid=617276&showprevnext=1>.
67 Watt Stopper 24V 2000 Square Feet Coverage Passive Infrared Occupancy Sensor w/ Light Level Sensor - White. Westside 
Wholesale Inc., 2007. Web. <http://www.westsidewholesale.com/2000-square-feet-coverage-passive-infrared-occupancy-sensor-w-light-
level-sensor.html?cm_mmc=googlebase-_-na-_-na-_-na&cvsfa=1870&cvsfe=2&cvsfp=320308>.
68 Ibid

Brand Leviton
The Watt  

Stopper

Edgemont 

Precision 

Rebuilders, Inc.

The Watt  

Stopper Corp.

Westek 

Designer 

Indoor Digital

Westek 

Designer 

Indoor Segment

Type
Ultrasonic mo-

ti on

Utrasonic mo-

ti on
PIR moti on PIR moti on Timed Times

Potenti al 

Unit Cost

$130
$95 $103 $79 $19 $14

Descripti on

This features 

a maximum 

sensiti vity com-

bined with high 

immunity to 

false triggering 

from air cur-

rents and other 

interference. 

Ambient light 

override opti on 

prevents lights 

from turning on 

when there is 

ample natural 

light.

This model is 

characterized 

by high sensiti v-

ity to small and 

large move-

ments, appeal-

ing aestheti cs, 

and variety of 

features.

Has 3 lenses for 

custom cover-

age patt erns. 

Has a 110 

degree fi eld of 

view, this sensor 

is ideal for ware-

house, busi-

ness and offi  ce 

setti  ngs. Wall 

mount sensors 

also incorporate 

a light level sen-

sor to prevent 

lighti ng from 

switching on 

when suffi  cient 

light is present. 

These are ideal 

for large areas 

and can cover up 

to 2,000 sq. ft . of 

walking moti on. 

By choosing 

the proper lens 

patt ern, the 

sensors can reli-

ably cover large 

offi  ces, com-

puter rooms, 

classrooms, aisle 

ways, warehous-

es, and open 

offi  ces where 

coverage cut-off  

is desired. 

This features 

up to 20 on/off  

segments per 

week. User can 

program ti mer 

across groups 

of days (i.e., 

weekend). Also 

includes ran-

dom functi on 

for less predict-

ability while 

you are away. 

Easy to read 

and program. 

Batt ery backup 

in the event of a 

power failure. 

This allows 

users to control 

power to lamps 

and appliances 

up to 96 ti mes 

throughout 

the week. It 

allows users to 

program diff er-

ent setti  ngs for 

each day of the 

week if desired, 

to adjust for 

diff erent usage 

patt erns on 

diff erent days of 

the week. 
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New technologies are continuing to be developed 
to simplify installation processes. EnOcean has 
invented a “peel-and-stick,” self-powered wireless 
sensor that picks up slight changes in motion and 
transmits this data to system controllers.69 Timed 
switches provide a simpler solution by fi tting into 
electric closets where lighting power panels are 
located. Th ey cost less and are less at risk of faulty 
user judgment.70 Options like this may prove 
extremely valuable for reducing light energy use in 
older buildings.

SWITCHING BULBS AND SPECTRALLY 
ENHANCED LIGHTING

Exchanging incandescent bulbs for more effi  cient 
models like CFLs may seem like an obvious fi rst 
step, but many mistakenly believe it better to wait 
until the incandescent light burns out. While it may 
seem logical to continue use of an old bulb due to 
the energy that went into manufacturing it, this is 
actually minimal relative to how much energy it is 
wasting on a regular basis. Similarly, the fi nancial 
cost paid when the bulb was fi rst purchased is easily 
less than the costs accrued through ineffi  cient energy 
use. Ultimately, it is indeed more cost-eff ective to 
go ahead and make the switch rather than waiting 
it out.71 According to the Putting Energy Into 

69 Eckery, Bob. “Retrofi tting yesterday’s building with today’s 
lighting controls.” BNET. CBS Interactive Inc., Nov. 2008. 
Web. <http://fi ndarticles.com/p/articles/mi_m0BPR/is_11_25/
ai_n30956172/?tag=content;col1>.
70 ENERGY STAR Building Upgrade Manual. EPA, 2008. 
Web.<http://www.energystar.gov/index.cfm?c=business.bus_
upgrade_manual>.
71 Päster, Pablo. “Should I discard my still-working 
standard incandescent bulbs and replace them with compact 
fl uorescents, or wait until they die a natural death andthen 
replace them?” Web log post. Salon.com. Salon Media Group, 
Inc., 25 Feb. 2008. Web.<http://www.salon.com/mwt/

Profi ts: ENERGY STAR Guide for Small Business, 
“Replacing a 100-watt incandescent with a 32-watt 
CFL can save approximately $30 in energy costs over 
the life of the bulb.”72 If incandescent lamps must be 
used, you should use one high-watt lamps instead of 
two low-watt ones wherever possible. For example, 
a 100-watt incandescent (1,740 lumens) can more 
effi  ciently replace two 60-watt bulbs (totaling 
1,720 lumens).73 In addition to switching out 
incandescent for CFL lamps, T8 or T5 fl uorescent 
tube lamps should also be substituted for outdated 
T12s wherever possible.74

If your offi  ce is using standard bulbs in recessed 
downlight luminaires, these should absolutely be 
substituted for a refl ector lamp. Normal bulbs 
radiate light in all directions and so are ineffi  cient 
in recessed downlights where a large portion of the 
light is trapped and turned into heat. Both 150-watt 
refl ector (R) and 75-watt ellipsoidal refl ector (ER) 
lamps produce as much light at much lower wattages 
than a typical bulb would in their place. Studies 
show that refl ectors can improve a fi xture’s ability 
to illuminate downwards by fi ve to 20 percent.75 In 
addition to substituting the bulbs, their fi xtures may 
also be due for a retrofi t. Installing refl ectors within 
the fi xture, for example, can help bounce more light 
feature/2008/02/25/ask_pablo_lightbulbs/index.html>.
72 Putting Energy Into Profi ts: ENERGY STAR Small 
Business Online Guide. Energy Star, Sept. 2007. Web. <http://
www.energystar.gov/ia/business/small_business/sb_guidebook/
smallbizguide.pdf>.
73 No-Cost Improvements. Apogee Interactive, 2009. Web. 
<http://tristate.apogee.net/lite/bnocost.asp>.
74 Putting Energy Into Profi ts: ENERGY STAR Small 
Business Online Guide. Energy Star, Sept. 2007. Web. <http://
www.energystar.gov/ia/business/small_business/sb_guidebook/
smallbizguide.pdf>.
75 Investment Projects. Apogee Interactive, 2009. Web. 
<http://tristate.apogee.net/lite/binvpro.asp>.
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out of a bulb such that lower watt lamps can be used 
to produce an equivalent amount of light.76 

Spectrally enhanced lighting (SEL) is a strategy 
that has been developed by the U.S. Department 
of Energy to use existing technology to reduce 
energy consumption. It relies on the principle that 
lamps with a higher CCT appear brighter and so 
can compensate for less actual light output. Th e 
Department of Energy found that by using higher 
CCT fl uorescents with high-effi  ciency ballasts, 
20-40 percent energy savings can result. See Figure 
5.1 for a visual comparison of standard versus high 
CCT luminaires.77

SIMPLE, LOW- TO NO-COST 
MODIFICATIONS

One obvious no-cost energy saver is to turn off  lights 
when not in use. Sometimes a well-placed reminder 
near a light switch can successfully ensure that 
people will turn off  lights on the way out of a space. 
Additionally, if lights are located near a window, they 
should be kept off  during daylight hours.78

A slightly more complicated version of the previous 
strategy is to specify a schedule for when specifi c 
lights should be turned on or off . Th is is especially 
helpful in instances where only certain areas are 
being used at a time, for example, while a cleaning 
crew is working. Designating a lighting schedule can 
discourage employees from fl ipping on all the lights 
unnecessarily. Additionally, eff orts should be made 
to arrange for cleaning to occur during times when 

76 Ibid
77 “Spectrally Enhanced Lighting.” Building Technologies 
Program. U.S. Department of Energy, 27 Oct. 2008. Web. 
<http://www1.eere.energy.gov/buildings/spectrally_enhanced.
html>.
78 No-Cost Improvements. Apogee Interactive, 2009. Web. 
<http://tristate.apogee.net/lite/bnocost.asp>.

either the lights would be in use anyway, or during 
weekend daylight hours such that free sunlight can 
be utilized.79

It is possible that at the time your offi  ce was 
designed, little to no attention was paid to effi  cient 
or appropriate lighting. It may be the case that 
aspects of an offi  ce space can be reoriented to better 
fi t the needs of its employees. For example, tasks 
that require similar light levels should be grouped 
together such that the specifi ed light level is shared 
effi  ciently. Additionally, certain tasks could be 
eff ectively placed near windows to take advantage of 
daylight.80

PROPER DISPOSAL

You have done it! Your offi  ce is now rid of all energy-
wasting incandescent bulbs. Many years later the 
fl uorescent lamps fi nally begin burning out. Now 
what? Th row it away? Th ink again!

Fluorescent bulbs function effi  ciently by converting 
a small amount of mercury to gas. Mercury is the 
only known element that results in such effi  cient use 
of energy. At the end of a lamp’s life there remains a 
small amount of mercury inside the tube that should 
be kept out of landfi lls.81 In 1999 the Environmental 
Protection Agency (EPA) added mercury-containing 
lamps to the Universal Waste Rule (UWR), which 
regulates the collection and recycling of hazardous 
waste.82 States vary in terms of how businesses 
and building owners are required to dispose of old 
bulbs, and the Association of Lighting and Mercury 

79 Ibid
80 Ibid
81 “Commercial Lighting.” Lamprecycle.org. National 
Electrical Manufacturers Association, 2009. Web.<http://www.
lamprecycle.org/commerciallighting.shtml>.
82 Universal Wastes. EPA, 20 Nov. 2008. Web. <http://www.
epa.gov/epawaste/hazard/wastetypes/universal/>.
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Recyclers (ALMR) serves as a network to enable lamps 
throughout the U.S. to be collected and recycled.83 
Additionally, both www.earth911.org and epa.gov/
bulbrecycling can provide information regarding local 
recycling facilities and procedures. If your local laws 
allow you to dispose of fl uorescents in the normal 
garbage, seal them in two plastic bags fi rst. Make sure 
all potential mercury-containing products stay out of 
garbage collections that go to an incinerator!84

If a CFL breaks, the EPA has outlined precautionary 
steps to take to avoid potential harm from mercury 
contamination. People should exit the building 
without walking through the break site. To 
eff ectively ventilate the space, open a window, leave 
the space for at least 15 minutes, and turn off  any 
central HVAC systems. In a carpeted offi  ce, pick up 
the glass fragments and put them in a sealed plastic 

83 “Commercial Lighting.” Lamprecycle.org. National 
Electrical Manufacturers Association, 2009. Web.<http://www.
lamprecycle.org/commerciallighting.shtml>.
84 How should CFLs be disposed? Do they need to be 
recycled? ENERGY STAR, 29 Oct. 2009. Web. http://
energystar.custhelp.com/cgi-bin/energystar.cfg/php/enduser/
std_adp.php?p_faqid=2573

bag or a glass jar with a metal lid. Tape can then 
be used to pick up remaining small pieces of glass, 
followed by vacuuming. Place the used vacuum bag 
in a sealed plastic bag and immediately throw all 
clean-up materials away in an outside trash bin. But 
always make sure you follow local laws regarding 
recycling and disposal. Do not forget to wash your 
hands when you are done! Additionally, you should 
turn off  central HVAC systems during the next 
several times you use the same vacuum machine.85

85 How should I clean up a broken compact fl uorescent 
light bulb (CFL)? ENERGYSTAR, 7 May 2009. Web. http://
energystar.custhelp.com/cgi-bin/energystar.cfg/php/enduser/
std_adp.php?p_faqid=2655
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6. Lighti ng Retrofi t Case Study

Th e California based Small Business Energy Alliance 
(SBEA) assisted Th e Real Estate Company with a 
much needed lighting upgrade. Owner Bill Dardon 
found that given the irregular hours of a real estate 
business, lights throughout his 12-person offi  ce were 
constantly being left on. Dardon attempted to turn off  
as many lights as possible, but found that this small 
eff ort was not enough to signifi cantly aff ect the offi  ce’s 
high energy consumption. Benefi cial impacts of the 
renovation are highlighted below.86

• 59 incandescent 60-watt bulbs were replaced 
with 14-watt CFLs.

• Outdated T-12 fl uorescent lamps were 
substituted with T-8 tubes.

• New electronic ballasts were put in the place of 
magnetic ballasts.

• Dimmers were installed on conference room 
lights.

86 Energy Saver Success Stories. Small Business Energy 
Alliance, 2008. Web. <http://www.sbeaonline.com/content/
realestate.php>.

• Overall the lighting now promotes productivity 
by eliminating shadows and no longer straining 
the eyes of employees.

• Monthly electricity bills dropped from $120 
down to $60; that is 50 percent!

• Dardon was able to use state-sponsored funds 
from the SBEA to cover half the cost of 
installation, and the City of Sonoma paid for the 
rest. Th e Real Estate Company completed the 
project at no cost and was able to start saving 
energy and money at the project’s completion.87

87 Ibid
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7. Starti ng from Scratch: Energy 
Reducing Strategies

OVERVIEW

Designing your lighting at the start of a construction 
project allows you the total freedom of creating a 
best fi t system. On the other hand, often specifi c 
work station areas are not designated until after the 
building is fi nished and occupied, making it diffi  cult 
to predict where and what type of light will be 
needed. Th e more pre-planning related to furniture 
placement, color and texture of walls and fl oors, and 
the type of work that might occur in a given space, 
the greater the chance of achieving an effi  cient, 
comfortable lighting environment.88

In the past, lighting plans were most often designed 
to be uniform, because it was considered risky to 
try anything else, in case space use were to change 
over time. Such reservations are now being lifted 
as systems can be planned to incorporate a certain 
degree of fl exibility should they later need to be 
adjusted. For example, light fi xtures can be sized to 
fi t into ceiling panels such that they can be moved to 
various spots on the ceiling. Modern lighting systems 
with careful consideration can deviate from the old 
uniform standard to eff ectively light an offi  ce space.89

DAYLIGHTING

As implied by the name, daylighting techniques 
aim to make use of the sun, the most effi  cient source 
of light, in an offi  ce’s lighting design. Resulting 
benefi ts include decreased energy use, peak demand 
reduction, and an enjoyable work environment. 
To ensure such gains are achieved, careful planning 
88 Remodeling & New Construction. Apogee Interactive, 
2009. Web. <http://tristate.apogee.net/lite/bremnew.asp>.
89 Ibid

must be used. Th e ENERGY STAR Building 
Upgrade Manual suggests following the principles 
below to guarantee an eff ective daylighting system:90

1. Bring in the light. Light can be brought into a 
building via conventional glazing, light shelves, 
skylights, and clerestory windows (see Figure 7.1) 
or with more advanced approaches such as light 
pipes or specialized refl ective materials.

Figure 7.1, A mix of top- and side-lighting, light shelves, high-
refl ectance ceilings, and wall diff usion provides fairly uniform 
deep-plan daylighting without the glare of direct sun.91

2. Eliminate glare. Glare is the number-one killer 
of daylighting systems—direct sunlight can 
cause very uneven luminance ratios that are 
distracting or even painful to occupants. Means 
for combating glare include using translucent 
materials and bouncing direct light off  surfaces 
such as painted walls, perforated metal, or fabrics.

90 ENERGY STAR Building Upgrade Manual. EPA, 2008. 
Web.<http://www.energystar.gov/index.cfm?c=business.bus_
upgrade_manual>.
91 Ibid
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3. Adjust electric lights as appropriate. Without 
lighting controls, daylighting will not save any 
energy. Automatic controls that sense ambient 
daylight are the best approach, because they 
ensure that electric lighting will be reduced when 
enough daylight is available.

4. Commission the system. Many daylighting 
systems fail to deliver the expected benefi t 
because they are not commissioned. 
Commissioning consists of adjusting 
photosensors and ensuring proper sensor 
placement so that the electric lighting system 
responds properly to the presence of daylight.92

Various daylighting strategies exist to ensure 
eff ective lighting. For example, rather than 
simply using windows to bring light inside, light 
shelves allow light to be more evenly distributed 
throughout a space and help decrease the amount 
of heat gain and subsequent cooling costs caused 
by normal windows.93 Th ey work by bouncing 
light up onto the ceiling, which then refl ects it 
back down.94 Provided that your project is in 
the Northern Hemisphere, light shelves should 
be placed horizontally on south-facing windows 
as north-facing generally provide diff use rather 
than direct sunlight, and so are less eff ective. 
Using a rough fi nish like matte on shelves is 
benefi cial for scattering sunlight at diff erent 
angles, thereby minimizing glare and providing 
uniform distribution.95 Ceilings are best fi nished 

92 Ibid
93 Building the Case for Light Shelves. Stamats Business 
Media, Apr. 2007. Web. <http://www.buildings.com/
ArticleDetails/tabid/3321/ArticleID/3648/Default.aspx>.
94 “Light Shelves.” Live Building Integrated Learning Centre. 
Queen’s University & the contributors, 2006. Web. <http://
livebuilding.queensu.ca/green_features/smart_lighting/light_shelves>.
95 Building the Case for Light Shelves. Stamats Business 

with a light, refl ective paint to eff ectively redirect 
light downwards. Internal light shelves should be 
mounted at least seven feet high in order to be 
above head-height and also to avoid glare being 
refl ected directly into the eyes. External light 
shelves are often paired with internal ones and 
so placed at an equal height. Window blinds are 
used in conjunction with light shelves to allow 
for the adjusting of brightness at diff erent times 
of day in addition to helping reduce heat gain 
and undesirable glare. See Figure 7.2 for a visual 
representation of light shelves.96

Figure 7.2, Light Shelves97

Windows and skylights are simple tools for bringing 
light in, but must be designed cautiously. Insulation 
can be compromised whenever glass is used instead 
of standard wall or roofi ng materials. Th e building 
envelope is essentially broken and heat leaks occur 
around glass frames. Such an insulation loss can 
result in higher heating or cooling costs. Fortunately, 
improved window frame technology is continuously 
being developed, and proper planning ensures 

Media, Apr. 2007. Web. <http://www.buildings.com/
ArticleDetails/tabid/3321/ArticleID/3648/Default.aspx>.
96 “Light Shelves.” Live Building Integrated Learning Centre. 
Queen’s University & the contributors, 2006. Web. <http://
livebuilding.queensu.ca/green_features/smart_lighting/light_shelves>.
97 Ibid
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that windows and skylights serve a key function in 
daylighting systems.98

Solatube is one of many emerging technologies 
designed to bring light in from outside. As shown in 
Figure 7.3, the Solatube captures daylight through 
a dome on the roof and effi  ciently refl ects it down 
to a diff user in the ceiling. Th is resembles a recessed 
luminaire and spreads light evenly throughout a 
space. One desirable aspect about the Solatube is 
that it can be installed throughout a building, even 
in rooms that do not have direct access to the roof. 
Th e units are as small as 10 inches in diameter and 
employ adjustable tubing. Additionally, the dome is 
designed to take advantage of sunlight at all hours of 
the day regardless of the angle.99

Figure 7.3: Solatube Design100

98 “Daylighting.” Live Building Integrated Learning Centre. 
Queen’s University & the contributors, 2006. Web. <http://
livebuilding.queensu.ca/green_features/smart_lighting/
daylighting>.
99 “Commercial General & Additional 
Information.” Solatube Innovation in Daylighting. Solatube 
International, Inc., 2008. Web. <http://www.solatube.com/
commercial/faqs.php>.
100 Ibid

SENSOR AND TIMER CONTROLS

When setting out to design a lighting system, these 
days there is no reason not to incorporate the use 
of sensor or timer controls. Predicted occupancy 
patterns, space use, and furniture placement should 
be considered to ensure that either form of light 
controlling system is effi  cient.101 Occupancy sensors, 
with proper planning, can result in signifi cant energy 
savings as shown in the following table.102

As previously mentioned, some controls are 
much more easily put in place during building 
construction. For example, photocell dimmers can 
be a bit complicated to install post-completion of 
a building, but are certainly achievable if designed 
along with the building from the start.103

101 Offi  ce Lighting Systems. Light.com. Web. <http://www.
lighting.com/content.cfm?id=44&sid=15&page=/4-9-44-00.
html>.
102 Putting Energy Into Profi ts: ENERGY STAR Small 
Business Online Guide. Energy Star, Sept. 2007. Web. <http://
www.energystar.gov/ia/business/small_business/sb_guidebook/
smallbizguide.pdf>.
103 Offi  ce Lighting Systems. Light.com. Web. <http://www.
lighting.com/content.cfm?id=44&sid=15&page=/4-9-44-00.
html>.

Locati on
Energy Savings 

(%)

Private offi  ce 25-50

Open space offi  ce 20-25

Restrooms 30-75

Corridors 30-40

Storage areas 45-65

Meeti ng rooms 45-65

Conference rooms 45-65

Warehouses 50-75
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8. Incenti ves

GOVERNMENT ENFORCED STANDARDS

You might have heard the rumor that incandescent 
bulbs will become banned and CFLs will be 
mandatory. While this is not actually the case, it 
is true that certain lighting effi  ciency standards 
will soon be enforced by the government. On 
December 18, 2009 the President signed the 
Energy Independence and Security Act of 2007. 
Th is requires that by the period of 2012 to 2014 
all light bulbs must use 30 percent less energy 
than current incandescent bulbs. However, bulb 
type is not specifi ed allowing for the possibilities 
that more effi  cient incandescent or LED lights 
may also remain in the picture. In January 2012 
the phase-out will begin with 100-watt bulbs, 
and by January 2014 it will end with 40-watt 
bulbs. 2020 will bring a Tier 2 in which bulbs 
must be 70 percent more effi  cient, reducing them 
to current CFL effi  ciency levels. Overall, the 
National Resources Defense Council (NRDC) 
estimates that, “this law could cut our nation’s 
electric bill by more than $10 billion a year.”104 So 
why wait? Taking steps now to make such effi  cient 
replacements will put your business ahead of the 
game.

FEDERAL TAX DEDUCTIONS

Lighting is one of three specifi ed energy related 
components that can qualify a commercial building 
for a federal tax deduction. Whether the building is 
new or being renovated, energy reducing strategies 
are being encouraged associated with: lighting, 
104 Will CFLs be required by 2012? ENERGY STAR, 7 May 
2009. Web. http://energystar.custhelp.com/cgi-bin/energystar.
cfg/php/enduser/std_adp.php?p_faqid=4913

building envelope, and heating/cooling and water 
heating equipment.105

Buildings can receive a $1.80 per square foot 
tax deduction if they achieve savings of at least 
50 percent of projected annual energy costs for all 
three components. Savings of 20 percent of energy 
costs for lighting systems alone can provide buildings 
a $0.60 per square foot partial tax deduction.106 Th is 
applies to systems placed in service beginning on 
January 1, 2006 and has been extended such that it 
will run through December 31, 2013.107

STATE FINANCIAL INCENTIVES

Local incentives for lighting effi  ciency include 
tax deductions, tax credits, rebates, and grants.108 
Th ese can vary greatly by state. Organizations 
like Effi  cient Lighting Consultants (ELC) exist to 
provide information on what each state off ers.109 
Additionally, state government websites have up to 
date information, and with a little research, you will 
fi nd that investing in energy effi  ciency with regard to 
lighting can more than pay for itself. 

Virginia’s government website clearly outlines 
relevant programs and is updated frequently. Several 

105 Commercial Energy Incentives. Tax Incentives Assistance 
Project. 2009. Web.<http://energytaxincentives.org/uploaded_
fi les/commercialfl yer.pdf>.
106 Ibid
107 Incentives for Virginians. Virginia Department of 
Environmental Quality, 28 Oct. 2009. Web. <http://www.deq.
virginia.gov/p2/vise/fi nancial.html>.
108 Ibid
109 Incentive Programs. Effi  cient Lighting Consultants, 
2009. Web. <http://www.effi  cientlightingconsultants.com/
incentive/>.
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programs exist in this state, and while some refer 
to energy effi  ciency in general, others have obvious 
connections to lighting effi  ciency specifi cally. For 
example, the Virginia Energy Effi  ciency Rebate 
Program is providing up to $15 million toward items 
like commercial lighting upgrades that achieve at 
least a 20 percent reduction in energy consumption 
as compared to the equipment it is replacing. Th is 
rebate is available on a fi rst-come, fi rst served basis 
and covers $4,000 or 20 percent of the total cost, 
whichever is lower. Th e Northern Virginia Electric 
Cooperative is currently off ering free energy audits 
to any of its customers—industrial, government, or 
commercial. With a limit on 25 bulbs per customer, 
the Dominion Virginia Power CFL Discount 
Program allows you to save $1.50 per CFL bulb or 
$3.00 off  CFL multi-packs at participating Home 
Depot stores. Certain Virginia localities are off ering 
an exemption of property taxes to energy effi  cient 
buildings that meet defi ned qualifi cations. For larger 

organizations, Allegheny Power’s “Watt Watchers” 
program may be able to help out. Th e idea is to 
reward customers who reduce energy consumption 
during peak demand hours as well as those who may 
be called upon to reduce usage in instances of system 
emergencies. Th ese commitments are separated 
into the Economic Load Response Program and the 
Interruptible Load Resource Program, respectively. 
To qualify for the fi rst program, customers must be 
able to reduce consumption by 100 kilowatts per 
hour. Participants of the second are required to be 
available for 10 reductions per year.110 Th e customer 
can decide how it will reduce consumption, and 
lighting effi  ciency improvements could certainly 
factor in.

110 Incentives for Virginians. Virginia Department of 
Environmental Quality, 28 Oct. 2009. Web. <http://www.deq.
virginia.gov/p2/vise/fi nancial.html>.
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9. Conclusions

ENERGY SAVINGS

By implementing thorough consideration of all 
effi  ciency options outlined in this paper, a best 
practice plan can be developed to ensure energy 
savings. Benchmarking is a helpful process in which 
the eff ectiveness of a lighting energy management 
strategy can be adequately gauged. It can either 
compare a building’s energy use to other similar 
buildings or to a baseline to track improvements 
achieved. An appropriate metric to use when 
benchmarking for lighting systems is kilowatt-hours 
per square foot.111 Keeping track of progress made 
is a good way to confi rm your eff orts are paying off . 
Incorporating provided effi  ciency measures into 
your lighting system is a responsible way to reduce 
your energy consumption, thereby simultaneously 
decreasing your reliance on nonrenewable fossil fuels 
and your carbon footprint. Th ese are important 
concerns that can improve your environmental 
reputation and draw attention from green 
consumers, resulting in increased business profi ts.

COST SAVINGS

In addition to bringing in money by attracting 
more customers, saving energy should also cut costs. 
Naturally, any new initiative will require upfront 
fi nancial investment, and so it is worthwhile to 
evaluate the payback period of such costs to make 
sure the lighting project is favorable. For example, 
if it will take fi ve years to off set initial costs and 
you intend to run a business for ten years, then the 
project is indeed cost-eff ective as you will begin to 

111 ENERGY STAR Building Upgrade Manual. EPA, 2008. 
Web. <http://www.energystar.gov/index.cfm?c=business.bus_
upgrade_manual>.

see an increase in profi ts after the fi fth year.112

Each energy-saving lighting strategy has a unique cash 
fl ow that should be considered. For example, given a 
set time frame of ten years, an initiative to switch out 
all incandescent bulbs for CFLs will fi rstly save on 
the avoided cost of incandescent purchases. Because 
they only last 1,000 hours, this produces a signifi cant 
positive cash fl ow. CFL bulbs would have to be 
purchased after 8,000 to 10,000 hours of use resulting 
in a negative cash fl ow. Additionally, savings on the 
cost of labor due to fewer bulb changes needed would 
factor in as yet another positive cash fl ow. Overall, 
a scenario like this that improves energy effi  ciency 
clearly sums to an overall positive cash fl ow and 
therefore is cost-eff ective.113 With careful evaluation 
of the suitability of the lighting effi  ciency strategies 
described throughout this paper, fi nancial savings are 
sure to result from decreased energy consumption.

EMPLOYEE RESPONSE

Lighting can often go unrecognized, but when a 
lighting system is not planned carefully, it creates 
an uncomfortable environment for employees. 
Fortunately it is certainly possible to implement 
energy-effi  cient lighting strategies while maintaining 
a quality work place. By simply following the task-
based IES recommendations for light levels and 
incorporating visual interest techniques, lighting 
can continue to adequately serve its purpose while 
reducing both energy consumption and cost.114

112 Ibid
113 Ibid
114 Critical Offi  ce Lighting Parameters. Lighting.com. Web. 
<http://www.lighting.com/content.cfm?id=47&sid=15&pa
ge=/4-9-47-00.html>.
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Glossary

Accent light: Luminaire used to highlight an object that is either fi xed like a downlight or adjustable from 
where it is mounted.

Accent lighting: Light that highlights specifi c features to enhance aesthetics.

Ambient lighting: Light that fi lls the majority of a space.

Ballast: Fixture that accompanies a lamp. Required for all fl uorescent and HID lamps.

Commercial building: Building in which nonresidential, nonindustrial, or nonagricultural use accounts for 
50 percent of a building’s fl oor space.

Compact fl uorescent light (CFL): Fluorescent bulbs with small, folded tubing to enable easy replacement of 
incandescent lamps.

Correlated color temperature (CCT): Indicator of the relative warm or cool tone of a light source.

Color rendering index (CRI): Indicator of a light’s ability to accurately enhance an object’s true color.

Concentrated lighting: Light that creates a sharp contrast.

Daylighting: Strategy in which daylight is utilized in a lighting system.

Diff use lighting: Light that is spread out with minimal glare or shadows.

Direct lighting: Light that hits the work plane absent of refl ection or interference.

Downlight beam: Luminaire sourced in a circular opening that enhances shape and texture.

Fluorescent: Highly effi  cient, long-lasting bulbs containing a small amount of mercury.

Glare: Excessive brightness from a direct light source or indirect refl ection.

High-intensity discharge (HID): Mercury-containing lamps best suited for high-ceilinged, open spaces.

Halogen: More effi  cient, longer-lasting versions of the incandescent bulb model.

Heat gain: Unintended heat produced as light is generated.

Illuminance: Th e amount of light striking an object, measured in footcandles (fc).

Incandescent: Bulb model invented by Th omas Edison. Now considered ineffi  cient.
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Indirect lighting: Light that is refl ected off  a surface like the ceiling or a wall before shining down onto the 
work plane.

Lamp: Light bulb or tube.

Light-emitting diode (LED): Highly effi  cient, long-lasting lights typically used for signs and buttons. Now 
being developed for use in larger areas.

Light meter: Devise used to measure light levels.

Light shelf: Devise used to bring in sunlight by bouncing it onto the ceiling before it is refl ected back down.

Lumen: Unit of measurement for the amount of light present.

Luminaire: Th e combination of a lamp and its fi xture.

Occupancy sensor: Light control that turns lights on or off  by detecting the presence of people.

Pendant fl uorescent luminaire: Similar to a troff er, but extends past the ceiling surface and so requires 
higher ceilings. 

Photocell dimming: Light control that reads the light level and adjusts the lighting accordingly.

Spectrally enhanced lighting (SEL): Strategy in which lamps with higher CCT are used to compensate for 
less actual light provided.

Task light: Luminaire that can be controlled by an individual and is either mounted to a shelf or sourced in 
a freestanding lamp.

Task lighting: Light designed to facilitate the performance of a specifi c duty.

Time-of-day switching: Light control in which lights are programmed to turn on or off  based on routine 
occupancy.

Troff er: Recessed fl uorescent luminaire that is mounted in the ceiling pointing downward.

Wall sconce: Wall-mounted luminaire that provides indirect lighting and visual interest.

Wall washer: Luminaire located where the walls meet the ceiling to brighten vertical surfaces.

Watt: Unit of measurement for how much energy is consumed in producing light. Equivalent to one joule 
of energy per second.

Zoned switching: Light control in which lamps or luminaires are wired into diff erent zones.


