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Introduction

In offices, most efforts to reduce lighting
energy costs have focused on maximizing the
efficiency of the general (or ambient) lighting
system. The common approaches include
installing energy-efficient lamps, electronic
ballasts, specular reflectors, and occupancy
sensors. Relatively little attention has been
paid to the potential for energy savings that
the effective use of task lighting offers. Task
lighting can provide illumination where it is
most needed—on the work surface—more
economically than the most energy-efficient
ceiling luminaire (light fixture), simply be-
cause task lighting is located closer to the
work surface. When retrofitting the lighting
in an office, the general illuminance* can be
reduced if task lighting is implemented prop-
erly into the overall design. The result can be
significant energy savings and improved
visibility for workers. However, used improp-
erly, task lighting can result in wasted energy
and poorer visibility.

Although for many people the term task
lighting conjures up the image of a portable
desk lamp, products that are mounted under
shelves or cabinets attached to office parti-
tions are the most common type of task
lighting used in offices today. One furniture
manufacturer reports that approximately one-
third of all American office workers occupy
partitioned workstations, and under-shelf
products account for approximately 90 per-
cent of all office task lighting sold. This issue
of Lighting Answers examines under-shelf and
portable task lighting and explains how to use
task lighting effectively to save energy and
improve visibility.

* All terms in italics are defined in the
glossary on p. 7.
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How much light is needed in an office?

The llluminating Engineering Society of
North America (IESNA) has established a
procedure for determining how much illumi-
nance is needed for a given task. The proce-
dure takes into account several factors,
including the type of activity, the characteris-
tics of the visual task, the age of the person
performing the task, how critical speed and
accuracy are, and the reflectance of the
task’s background.

The procedure categorizes tasks by how
difficult they are to see. Small print tasks and
low-contrast tasks fall into higher illuminance
categories. Office tasks such as reading tele-
phone books, maps, or handwritten notes in
No. 3 pencil fall into category “E,” where three
desk-height illuminances are suggested: 50,
75, or 100 footcandles (abbreviated fc; metric
equivalents 500, 750, or 1000 lux). In most
cases, the middle value is used. The lower
value should be used when at least two of the
following are true: the office occupants are all
under 40; speed and accuracy are not impor-
tant; or the reflectance of the background is
high (white paper, for example). The higher
value should be used if at least two of the
following are true: the office occupants are
over 55; speed and accuracy are critical (in
accounting, for example); or the reflectance
of the task background is low (dark grey
paper, for example).

Most office workers perform a variety of
visual tasks. The illuminance should be suffi-
cient to facilitate the most difficult visual task
performed. Thus, if workers spend part of the
day reading category “D” materials such as
typed originals or first-generation photo-
copies, which would require only 20, 30 or 50
fc (200, 300 or 500 lux), and part of the day
reading poor fax copies, category “E” illumi-
nance should be provided.



In a typical office, the general lighting often is
designed to provide an illuminance of 75 fc (750
lux) at desk height, the middle value from
category “E.” In partitioned workspaces, it is

difficult for general lighting to deliver this illumi-

nance to the desk surfaces, because shadows
from shelves, cabinets, partitions, and the work-
er's own body can block light from the ceiling-
mounted luminaires.

Can task lighting provide the necessary illumi-
nance more efficiently than general lighting?

Yes. Rather than providing a high general
illuminance all the time, task lighting can be
used to provide the additional light where it is
needed on the desk, and only when the diffi-
cult task is being performed. Task lighting
provides illuminance more efficiently than
general lighting because it is closer to the
work surface.

For example, in an office that requires 75
fc (750 lux), a fluorescent under-shelf task
light can provide 40 fc (400 lux), which allows
the general lighting to be reduced to 35 fc (350
lux). Even greater energy savings can be
achieved if the task lights are switched off
when not in use.

Task lighting can increase the energy use
in an office if the general illuminance is not
reduced when task lighting is added. Thus,
task lighting should be carefully selected and
implemented as an integral part of an office
lighting system for either retrofit or new
construction projects.

How can visibility problems with task
lighting be avoided?

Proper illuminance is achieved easily with task
lighting. However, there are other visibility
problems that can result from using task light-
ing, including reflected glare, veiling reflections,
direct glare, and extreme differences in bright-
ness in a workstation.

Reflected glare is the reflected image of a
bright light source from a specular (shiny)
surface, such as a polished desktop or a glossy
magazine. Veiling reflections occur when re-
flected light obscures the task by reducing its
contrast. For example, light from a bright lumi-
naire reflected from thermal fax paper can
make the whole page (both the print and the
background) so bright that it is difficult to read.

Both reflected glare and veiling reflections
can be minimized by locating luminaires away
from the offending zone (the geometry of the
offending zone is illustrated in Figure 1). The
offending zone for a worker looking at materi-
als on a desk is immediately in front of the
worker. Nevertheless, this often is where task
lights are located. To reduce reflected glare
and veiling reflections, the light that exits a
luminaire in the offending zone should be
masked or redirected. The best solution is
lighting that is directed toward the task from
either or both sides.

Direct glare occurs when a bright light
source is within the field of view of an ob-
server. A task light can be a source of direct
glare if its lamp or lens is visible from the
normal viewing position of either the worksta-
tion occupant or workers nearby. Mounting a
task light above the eye height of the worker
can cause direct glare. A good task lighting
system is shielded from direct view by opaque
material, either built into the task light itself or
as part of the shelf to which it is mounted.
Figure 2 shows examples of both a properly
shielded task light and a task light mounted in
a position that causes direct glare. Reflected
glare, veiling reflections, and direct glare can
hamper visibility and worker productivity.
Complaints of eyestrain and headaches some-
times are attributed to these problems.

Figure 1

How a task light can create reflected glare

and veiling reflections

The image of a bright

lamp under the shelf can
be reflected from a specu-
lar task or desktop directly
into the worker’s eyes. Light
that strikes a task at angles
that reflect directly into a
worker's eyes (such as
angle 6) can create a veiling
reflection that makes the
print difficult to read. Optics
built into the task light can
minimize reflected glare
and veiling reflections by
redirecting the light so that
it is not cast forward toward
the worker at these angles.



Extreme variations in brightness at a work-
station, or strong patterns of light on the work
surface, also can be a source of eyestrain or
distraction. An ideal task lighting system pro-
duces relatively uniform illuminance on the
work surfaces. As a rough guideline, the high-
est illuminance on the work surface should be
no greater than three times the lowest.

What types of under-shelf luminaires
are available?

Under-shelf luminaires usually are purchased
as accessories to office furniture. They fre-
guently are supplied by the office furniture
manufacturer, but also are available from
lighting equipment manufacturers. These
products can be divided into the following five
categories, which are arranged roughly from
worst to best in terms of producing uniform
illuminance and avoiding reflected glare and
veiling reflections. Most under-shelf lumi-
naires use fluorescent lamps. The luminaires
in categories 1, 2, 4, and 5 use linear fluores-
cent lamps, typically a 3- or 4-foot T12 or T8
lamp. Luminaires in category 3 use compact
fluorescent lamps.

1. Luminaires that do not mask or redi-
rect light. These include bare fluorescent
lamp striplights, and striplights with either
a prismatic lens or diffuser, as shown in
Figure 2b. These luminaires produce reflect-
ed glare and veiling reflections, in addition
to direct glare.

Figure 2
How a task light can create direct glare
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2. Luminaires that mask light. This cate-
gory includes luminaires that use a fixed
opaque shield to block light at offending
angles (see Figure 2a) and products that can
be adjusted to partially block the light in any
direction. An example of an adjustable prod-
uct is a striplight with a rotatable plastic
sleeve on the fluorescent tube. A gradient
pattern of black dots on the clear sleeve is
used to mask the light. Because the effective-
ness of this product depends on proper ad-
justment of the rotating sleeve, workers
should be shown how to use it appropriately.

3. Luminaires with a small light source
using asymmetrical optical control.
These luminaires use a compact fluorescent
lamp and an asymmetrically shaped reflector
that directs most of the light in one direction.
They usually are located in pairs above the
principal work surface, one at each end of the
shelf. If the worker is positioned halfway
between the two luminaires, veiling reflec-
tions are minimized because the light is
aimed toward the task from the sides. If only
one is used, it can create strong shadows on
the task from three-dimensional objects such
as the worker’s hand. These luminaires may
cast distinct streaks of light on the partition,
which may be distracting.

A task light can create
direct glare if it is not
properly shielded from the
direct view of the worker.
The lamp in the task light
in Figure 2a is blocked
from direct view by an
opaque housing or by the
lip of the shelf. If nothing
blocks the light from this
angle, or if the task light is
mounted too high on the
partition, direct glare will
result, as illustrated in
Figure 2b.

(b)



4. Luminaires with optics that redirect
light. These luminaires are designed to re-
fract (bend) light in directions that are less
likely to produce reflected glare and veiling
reflections. They include luminaires with a
“batwing” lens or a plastic lens coated with a
batwing-distribution film. A batwing lens has
prism-shaped ribs that are oriented perpen-
dicular to the length of the lamp to refract the
light sideways along the length of the desk
rather than forward toward the worker (see
Figure 3).

5. Luminaires with optics that both redi-
rect light and mask lamp brightness.
These luminaires combine batwing optics
with a mechanism that partially masks or
diffuses the light. They include luminaires
that use a batwing lens and either a thin
diffuser overlay or an opaque strip that blocks
light at the offending angles (see Figure 4).
This strategy reduces reflected glare and
veiling reflections both by refracting the light
and by masking or diffusing the image of the
bright lamp.

The various methods of reducing reflected
glare and veiling reflections all reduce lumi-
naire efficiency, because some of the light
from the lamps is absorbed by the mecha-
nism that blocks, diffuses, or redirects the
light. However, the gain in visual perform-
ance that a good optical system provides may
compensate for this efficiency sacrifice.

Figure 3

When should portable task lights be used?

Portable task lights often are brought into an
office when workers feel that the existing
illuminance is inadequate or when the work-
station does not have a shelf. They are more
flexible than under-shelf luminaires because
they can be moved around the office and can
be aimed by the user. Their disadvantages
include taking up space on the work surface,
greater susceptibility to theft, the annoyance
of exposed electrical cords, and non-uniform
illuminance distributions.

Under-shelf luminaires from categories 3,
4, and 5 usually are preferable to portable
task lights for most office applications be-
cause they produce more uniform illuminance
distributions over a wider area. However, in
many industrial applications, the flexibility of
portable lamps makes them preferable. For
example, someone working on computer
circuit boards may need more light than an
under-shelf product can provide. An adjust-
able desk lamp can be positioned very close
to the task and aimed at an angle that maxi-
mizes visibility. Some portable products
incorporate a magnifying glass, which can be
very helpful for some tasks.

What types of portable task lights are
available?

Portable task lights can be categorized by the
type of lamp (incandescent or fluorescent)
and the type of light distribution (symmetrical
or asymmetrical). The light from incandes-
cent and halogen incandescent lamps ema-
nates from a small area, which makes it easy
to direct the light with reflectors, but can

Figure 4

A luminaire with a batwing lens that redirects light A luminaire with a batwing lens and an

opaque strip
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The batwing-distribution lens reduces glare and veiling reflec- The bright image of the fluorescent lamp is obscured by an
tions by directing light sideways rather than forward toward the opaque strip. This design further reduces reflected glare and

worker. Each prism (see inset) refracts light to produce a

batwing-shaped light distribution.
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result in very sharp shadows on the task and
very bright reflections from specular tasks
or desktops. Incandescent lamps are less
energy efficient than fluorescent lamps and
can become extremely hot.

Fluorescent lamps used in portable task
lights include compact twin-tube and quad-
tube, circline, and T5 linear and long twin-
tube fluorescent lamps. Light emanates from
the entire lamp tube, resulting in more diffuse
illuminance than that provided by a small
incandescent lamp. Fluorescent lamps create
diffuse shadows, as shown in Figure 5. Fluo-
rescent task lights usually have a higher first
cost than incandescent task lights, but over
time are less expensive to operate because
the lamps last longer and use approximately
one-third of the energy that incandescent
lamps of comparable light output use.

To prevent reflected glare, portable task
lights should be positioned to one side of a
reading task, rather than at the back of the
desk. When aiming the task light, the bare
lamp should not be directly visible to the work-
er (or to neighboring workers), or it will pro-
duce direct glare. Products with an asymmetri-
cal distribution can cast light sideways without
the need to tilt the head of the lamp (which
may cause direct glare). The bare lamp can
cause distracting reflections on visual dis-
play terminal (VDT) screens, and so should
be shielded from a direct line of sight to
these devices. Place the unit on the left side
of the desk for right-handed workers (and on
the right for left-handed workers) to avoid
casting a shadow on the task from the per-
son’s writing hand.

Figure 5
Shadows from incandescent and fluorescent lamps

How can task lighting maximize energy
savings?

First, the general lighting should be reduced
when task lighting is added. Otherwise, ener-
gy use would increase.

Second, select task lights that have energy-
efficient components. Look for the following
features:

Lamp type. Select fluorescent rather than
incandescent lamps wherever possible (see
Figures 6 and 7). For under-shelf luminaires
that use either a 3- or 4-foot linear fluorescent
lamp, the following lamp types are available,
ranked from highest to lowest efficacy:

- T8
- T12
< Old-technology T8 (preheat)

For luminaires that use small lamps, includ-
ing portable task lights and category 3 under-
shelf luminaires, fluorescent lamp options
include:

= Compact twin-tube and quad-tube

= T5 long twin-tube

= Linear T5 (preheat)

< Circline

Incandescent and halogen incandescent
lamps also are available for these luminaires,
but are less efficient than any of the fluores-
cent lamps. Preheat linear fluorescent lamps
often have short lamp life, limited color selec-
tion, and poor ballast efficiency so they
should be avoided if rapid-start or instant-start
fluorescent lamps are available.

This photo shows distinct shadows cast by objects illuminated by an The light from a fluorescent lamp emanates from a larger area, resulting
incandescent lamp. in diffuse shadows.



Ballast type. Electronic ballasts are more
energy efficient than magnetic ballasts be-
cause they operate lamps at high frequencies
(above 20,000 hertz). High-frequency opera-
tion also reduces flicker and noise. Electronic
ballasts are either instant start or rapid start;
instant-start operation is more energy
efficient, but may reduce lamp life. Total
harmonic distortion (THD) varies widely for
electronic ballasts. Most electronic ballasts
for 4-foot lamps have THD below 20 percent.
Some electronic ballasts for compact fluores-
cent lamps have THD in excess of 100 percent.

Energy efficiency varies widely among
magnetic ballasts. Rapid-start ballasts are
more efficient than preheat ballasts. For 4-foot
lamps, rapid-start ballasts are available with
an electronic component that disconnects the
electrode-heating voltage during lamp opera-
tion (these are called cathode-disconnect
ballasts or low-frequency electronic ballasts).
These are the most efficient magnetic ballasts
for 4-foot lamps, but they may reduce lamp
life. Power factor also affects ballast perform-
ance. High-power-factor ballasts are available
for all fluorescent lamp types and are prefera-
ble to normal-power-factor or low-power-
factor ballasts for most applications.

Magnetic ballasts emit a low level of noise
that usually is masked by the ambient noise in
an office. Magnetic ballasts for compact fluo-
rescent lamps sometimes emit a high-pitched
noise that can be heard by individuals with
sensitive hearing. This noise may be mini-
mized by the design of the luminaire.

Controls. There are two control strategies that
can increase the energy savings that task light-
ing can provide.

= Occupancy sensors

<« Dimming controls

Some task lights are available with built-in
occupancy sensors that turn off the light
when no motion is detected. Usually, the
interval after which the sensor turns off the
light is adjustable. The added energy savings
often pay for the increased cost.

Dimming controls provide a way for work-
ers to adjust the amount of light to meet their
needs. Dimming controls for incandescent
lamps are inexpensive, and incandescent
lamp life increases if dimmers are used.

Dimming fluorescent lamps is more expen-
sive than dimming incandescent lamps be-
cause the preferred method for dimming
fluorescent lamps is to use electronic ballasts
with special dimming controls. These ballasts
can dim lamps without significantly decreasing

lamp life. As an inexpensive option, some
manufacturers offer a preheat ballast with a
standard dimming control that is designed for
incandescent lamps. This approach should be
avoided because it saves little energy and can
reduce both lamp and ballast life. Dimmers for
incandescent lamps never should be used with
ballasts that operate fluorescent lamps.

Alternatives to dimming include luminaires
that contain two lamps that are switched inde-
pendently to provide two light levels, and
luminaires containing ballasts that provide
two or three light levels.

Figure 6

Some incandescent and fluorescent lamps that are used in

task lights
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The National Electrical Manufacturers Association (NEMA) designations for fluorescent
lamp types are given in parentheses. Lamps are not drawn to scale.

Figure 7
Diameters of linear fluorescent lamps
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The “T” designation in fluorescent lamp nomenclature stands for tubular. The number
immediately following the “T” represents the diameter of the lamp in eighths of an inch.

Lamps are drawn at actual size.



What other factors should be considered
when selecting task lights?

The lamp’s correlated color temperature and
color rendering index are important in making
a task lighting installation acceptable to em-
ployees. Incandescent lamps have a “warm”
correlated color temperature (CCT) ranging
from 2700 K to 3200 K. The CCT of lamps in
task lights should match the CCT of the
general lighting, to avoid an incongruous
color appearance. CCT options for fluorescent
lamps include 2700, 3000, 3500, and 4100 K.

The color rendering index (CRI) of a lamp
describes its effect on the color appearance
of partition and desk surface finishes, work
materials, and skin tones. CRIs for fluorescent
lamps range from a low of 52 for a warm white
fluorescent lamp to over 90 for some deluxe
rare-earth phosphor lamps. Incandescent
lamps have CRIs greater than 95. In offices,
the CRI should be 70 or greater for most
applications and greater than 80 where excel-
lent color rendering is desired.

Task lighting cost, quality, and availability
vary widely. NLPIP recommends that the speci-
fier inspect task lighting options firsthand.
Installing a sample in a workstation allows the
specifier to experience its visibility, comfort,
noise, and other performance characteristics.

Glossary

color rendering index (CRI) A method for describing the effect of a light
source on the color appearance of objects being illuminated, with a CRI of 100
representing the reference condition (and thus the maximum CRI possible). In
general, a lower CRI indicates that some colors may appear unnatural when illumi-
nated by the lamp.

correlated color temperature (CCT) A description of the color
appearance of a light source in terms of its warmth or coolness. The CCT relates the
color appearance of the light emitted by a lamp to the color appearance of a refer-
ence material heated to a high temperature (measured on the Kelvin scale, abbrevi-
ated K). As the temperature rises, the color appearance shifts from yellow to blue.
Thus, lamps with a low CCT (3000 K or less) have a yellow-white color appearance
and are described as “warm”; lamps with a high CCT (4000 K and higher) have a
blue-white color appearance and are described as “cool.”

illuminance The amount of light that reaches a surface. Illuminance is mea-
sured in footcandles (lumens/square foot) or lux (lumens/square meter). One
footcandle equals 10.76 lux, although for convenience the IESNA uses 10 lux as the
equivalent.

instant-start A method of starting fluorescent lamps in which the voltage that is
applied across the electrodes to strike the electric arc is up to twice as high as it is
with other starting methods. The higher voltage is necessary because the electrodes
are not heated prior to starting. This method starts the lamps without flashing; it is
more energy efficient than rapid or preheat starting, but results in greater wear on the
electrodes during starting. The life of instant-start lamps that are switched on and off
frequently may be reduced by as much as 25 percent relative to rapid-start operation.
However, for longer burning cycles (such as 12 hours per start), there may be no
difference in lamp life for different starting methods.

luminaire efficiency The ratio of the light emitted by a luminaire to the
light emitted by the lamp or lamps within it. Components of a luminaire such as
reflectors and diffusers absorb some of the light from the lamp(s). A highly efficient
luminaire emits most of the light that the lamp(s) emits.

power factor A measure of how effectively a ballast converts current and
voltage into usable power to operate the lamps. A power factor of 0.9 or greater
indicates a high-power-factor ballast.

preheat A method of starting fluorescent lamps in which the electrodes are
heated before a switch opens to allow a starting voltage to be applied across the
lamp. With preheat starting, the lamp flashes on and off for a few seconds before
staying lit, because several starting attempts may be necessary to establish the
electric arc across the lamp electrodes. Often, the luminaire’s start button must be
held down until the lamp lights. Preheat ballasts are less energy efficient than rapid-
start or instant-start ballasts.

prismatic lens An optical component of a luminaire that is used to distribute
the emitted light. It is usually a sheet of plastic with a pattern of pyramid-shaped
refracting prisms on one side. Most ceiling-mounted luminaires in commercial
buildings use prismatic lenses.

rapid-start A method of starting fluorescent lamps in which the ballast supplies
voltage to heat the lamp electrodes for 1 to 2 seconds prior to starting and, in most cases,
during lamp operation. A rapid-start system starts smoothly, without flashing.

total harmonic distortion (THD) A measure of the degree to which a
sinusoidal wave shape is distorted by harmonic wave forms, with higher values of
THD indicating greater distortion. Electrical devices, such as computers and fluores-
cent lighting systems, can send harmonic wave forms at many frequencies back onto
the power supply line, thereby distorting the current wave shape. For 4-foot lamps,
the American National Standards Institute (ANSI) recommends a THD limit of 32
percent, but some electric utilities only provide financial incentives for ballasts that
produce less than 20 percent THD. Ballasts that produce less than 10 percent THD
are available for installations with critical power requirements.
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