From Books to Computers

Lighting the Office and Education
environment.

Reference:

IESNA Handbook Chapter 11: Office Lighting
Recommended Practice RP-1

IESNA Handbook Chapter 12: Educational
Facility
Recommended Practice RP-3




Why from books to computers?

Reading and Writing

eSocial Communication
Seeing and Talking to people up close
Seeing and Talking to people from afar

*Room used for learning
Classrooms
Lecture Rooms
sLibrary
Book Stacks
Storage

eCorridors and Circulation




Educational Facilities

The overarching goal of educational
facility lighting is to provide a visual
environment for both students and
instructors that is supportive of the
learning processes.

This can be achieved only if the
occupants can see their visual tasks
accurately, quickly, and comfortably.

Uniform horizontal illuminance
throughout an educational facility does
not necessarily ensure high levels of
visual performance because of the
great variety of visual tasks, including
visual display terminal (VDT) tasks,
found in a school.

Lighting can make a school pleasant
and attractive, reinforce feelings of
spaciousness, delineate areas of
different functions, stimulate learning,
and improve behavior.

The Purpose of Lighting

Office Environment

Offices are designed to house working
people engaged in thought and in a
number of forms of communication
(written, visual, telephone, computer,
and face to face). Office lighting should
enable workers to perform these tasks
effectively.

Since feelings of well-being, interest,
and enthusiasm are affected by the
environment, consideration should be
given to the design of office interiors in
an effort to achieve a stimulating work
place.

Office lighting affects the appearance of
the space and its occupants, and
therefore their mood and productivity.

Naturally, lighting should provide good
visibility for the visual tasks.




The Basic Concepts

Generval | Hf.rh';

v o n m = provides the DHSIE light fUr
any office space.

Accent Lighting
brings offices to life—highlights
pictures and other objects.

lask Lighting

is the most important office lighting
system—aoften the primary light source
for office activity.

Perimeter Lighting
brightens the walls, making the
space appear larger than it is.




Office Lighting Design Issues
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Faces or Objects

Video Conferencing




Office Lighting Design Issues

QUALITY ISSUES FOR OFFICE LIGHTING

Private Offices  Open-plan Offices  Office Corridor
Control of direct and reflected glare
Light on walls and ceilings
Physical relation of fixtures to users
Uniformity / Reduce shadows and flicker
Room surface characteristics
Color rendering and color temperature
Daylighting
Lighting controls
Quantity of light on task (footcandles) 40-50 fc 40-50 fc 5-1
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o Very Important @) Important ) Somewhat Important  * Adapted from the Lighting Design Guide.
IESNA Lighting Handbook, 9th Edition




Educational Facility Design Issues

Lacture Halls

INZOnta
ertical)
lon an o
iwition on Task
v
« Reflected Glare
» Shadows




Educational Facility Design Issues

QUALITY ISSUES FOR SCHOOL LIGHTING
General Computer School
Classroom Classroom Corridor

Light on walls and ceilings 1 on photo above

Control of direct and reflected glare 2

Uniformity 3

Daylight 4

Color rendering and color temperature

Lighting controls

Quantity of light (horizontal footcandles) 40-50 fc 20-40 fc 10 vert. fc

@ Very Important @) Important O Somewhat Important * Adapted from the Lighting Design Guide.
IESNA Lighting Handbook, 9th Edition




Room Reflectance: Classroom

COLORS & FINISH TIPS

* Acoustic ceiling tiles are often only 70% reflective. Specify 80% or
higher. Ceiling tile and paint companies list these values in their
product specifications.

» Choose wall colors that are light in color (pastels) and at least
05% reflective.

* Choose furniture that is light in color (60% or higher).

= Always use matte (not shiny or high gloss) surface finishes for
walls, ceilings, and furniture.

® Limit the use of primary or saturated colors to accents or wainscofs,
since they absorb a lot of light.




Room Reflectance: Office

Fartitions:
40=70%

Furnitura:
25-45%

Floors: 2040%

COLORS & FINISH TIPS

* Acoustic ceiling tiles are often only 70% reflective. Specify 80% or
higher. Ceiling tile and paint companies list these values in their
product specifications.

» Choose wall colors that are light in color (pastels) and at least
05% reflective.

* Choose furniture that is light in color (60% or higher).

= Always use matte (not shiny or high gloss) surface finishes for
walls, ceilings, and furniture.

® Limit the use of primary or saturated colors to accents or wainscofs,
since they absorb a lot of light.




Room Reflectance

A small increase in room reflectances produces a big improvement
in efficiency. The lighter room provides 55% more light on the
work surface for the same energy or uses 70% less energy to
provide equivalent brightness. The lighter room also provides
better brightness ratios, comfort and daylight distribution.













Luminous Ratios: Classroom

Not greater than five times
task luminance

Mot less than one-third
task luminance

Not less than one-third
task luminanca

Task luminance

ightnesses of the various surfaces in the normal field of view must be kept within accej
limits.




The Classroom (seminar or lecture room)
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CREATE BALANCED BRIGHTNESS ACCENT FOCAL WALLS

Light levels throughout the classroom should not differ greatly from the ~ The brightest surfaces should be the most important surfaces. Lighting
light level on the desks. Large variations in brightness will cause the focal walls helps teachers catch and hold students’ attention as well
distraction and fatigue. as to improve the visibility of information.

» Use pendant light fixtures that direct at least 50% of the light upward. ~ ® For rooms where desks face one direction, provide focal lighting on
« Avoid high contrast. The brightest and darkest room surfaces should be ~ the front wall or board.

no greater than 3 times or 1/3 as bright as the task (preferred) or 10 * For multi-purpose spaces, provide focal lighting on two or three walls.

times or 1/10 as bright as the task (maximum). * Dedicate light fixtures (such as Type H, ], K} to accent these surfaces.
* For best student concentration, the brightest surfaces should be desk * Light levels on boards or focal walls should be at least equal to light

tops and focal walls. levels on the desktop, or up to twice that level if the board is green or
« Use only semi-specular or white louvers to prevent harsh wall patterns. black. For uniformity, the edges of the board should not be less than

1/3 the brightness of the center.
* Locate fixtures 1 to 3 feet from the board or vertical surface so that
light reflections do not obscure information on the board.




Luminous Ratios: Computer Workstation




GLARE PREVENTION TIPS

» Distribute light to walls and ceilings. Bi-directional fixtures such
as A, D, and E (see p. 7) work well.

» [Use daylight to light walls and ceilings.

* Use adjustable blinds or shades that control window glare while
refaining view.

» Choose higher reflectance room surfaces.

» Select only semi-specular or white painted louvers and reflectors.
Avoid mirrored or specular (shiny) reflectors or louvers that can
be seen from any angle.

» Shield the lamp from view with baffles, louvers, lenses or
ditfusing overlays.

» Use lamps of lower brightness. Use more fixtures if necessary.
* Only use T5, TSHO and T5 biaxial lamps in coves or indirect

applications where the lamp is not visible by classroom users.
* Use no more than three (3) T8 lamps in 2" x 4’ fixtures.
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Angle from Average Luminance (cdfim®
Vertical {deg.)

Preferrad Maximurm

55 850 —_

65 350 850

75 173 350
=85 173 175

* Luminance |s measured along the lengthwise, cross-
wisa, and 45° horizontal planas.




Energy Codes

POWER LIMITS From ANSIASHRAE/IESNA Standard 90.1-1999

Watts / SF Watts/SF
Private Offices 1.5 School / University 15
Open Plan Offices 1.3 Library 15
Office Corridor 0.7 Cafeteria 1.8
Reception/Lobby 1.8
Conference/Meeting 1.5
Active Stairs 0.9
Active Storage 1.1

MATCH CONTROLS TO ROOM TYPES

General Computer 5School Potential
Classroom Classroom Corridor Energy Savings

Ceiling Occupancy Sensor, Manual-On, Auto-Off o (@) 30%
Multi-Level Switching with Ceiling Occupancy Sensor @ O 35%
Daylight Controls with Occupancy Sensor o () 45%
Multi-Level Switching @ () 15%
Building Time Controls C)) ()] 10%

q . . X # Ascompared to standard mannal switching for a 5,000
® Appropriate @ Sometimes Appropriate (O Not Appropriate ap & bing with a 1.2 ks par . . comnaciedload.




Lamp Control




Lamp Control




The Problem with Standard Lighting

\

What's wrong =
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D % < 10 dﬂlh
™  « No light on

celling
» Shadows

wit this picture?

Avoid staggered layouts and locating fixtures too close to walls.




The Office Troffer

A. 2 x 4 THREE-LAMP PARABOLIC TROFFER

LAMPS: (%) 32W Te, 835 color

DESCRIFTION: Recessed Auceescent troffer '
by 4’ with white baked enamel intrior, semi-
specular low-iridesent parabolic louwers with 18
cellz, minirmum 2-34° deep. Use white painted
kwrers in privake offices. Three-lamp ekectronic

instan t-start ballst, ominal 91 inputwats. 71%
minimum fixture efficiency. ok 2-lamp or 2-lamp

ballasts with inkoard-outheard switching and tandern wiring,

B. 2' x 4 TWO-LAMP PAREABCLIC TROFFER

LAMPS: {20 32W Te, 835 color

DESCRIFTION: Recesad ucescent troffer 2'
by 4' with white baked enamel inkrior, semi-
gpecular low-iridescent parabolic lovwers with 12
cells, minimum 2-34" deep. Use white painted
kourers in privake offices. Two-lamp electronic

instan start ballast, mominal 61 inpotwats.
73% minirmam fxhare efficiency.

A. 2 x 4 THREE-LAMP PARABOLIC TROFFER

LAMFS: (3) 32W T8, 835 color

DESCRIPTION: Recessed Auceescent troffer 2'
by 4' with white baked enamel inkrior, semi-
gpecular low-iridescent parabolic louwers with 12
cells, minimum 2-34" deep. Use white painted
kurers in privake affices. Three-lamp electronic

instan +-start ballast, pominal 91 inputwats, T1%
minimum fixture efficiency. ok 2-lamp e 2-lamp

beallasts with inboard-outheard switching and tandem wiring,

B. 2'x 4' TWO-LAMP PARABCLIC TROFFER

LAMPS: (20 32W Te, 835 colo

DESCRIPTION: Recessed Aucesscent troffer 2'
by 4' with white baked enamel inkrior, semi-
specular low-iridescent parabalic lovwers with 12
cells, minimuom 2-34" deep. Use white painted
kourers in privake offices. Two-lamp electronic

instan t-start ballast, mominal 61 inputwate,
T3% minimum Axhare efficiency.
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Direct versus Indirect

DAILY WORK-RELATED HEALTH COMPLAINTS
{2 OF WORKERS)

TIRED EYES
0% 10% 2% Q0% 40%  SOMe  &0%  TOW  B0%  G0% 1%

LENSED
INDIRECT

FARABOLIC

EYE FOCUSING PROBLEMS
% I} % 4% a0 BN 805 100
INDIRECT

PARABO)

In the last decade, during which personal computers have
proliferated in the office, researchers have paid increased
attention to lighting. Several studies have investigated the
relationship of modern office lighting to the visual health,
satisfaction and productivity of office workers.

The American Society of Interior Designers found that 68% of
employees complain about the light in their offices.

A Silicon Valley study pointed out that 79% of VDT users
want better lighting.

A 1989 Louis Harris survey, the Steelcase Office
Environment index, revealed that workers think of eyestrain
as the number one health hazard in the office—ahead of
radiation, asbestos, even exposure to AIDS.

This degree of dissatisfaction is difficult to ignore. It confirms
the need to identify the best methods of lighting the
computerized office.

'WORK-RELATED VISUAL PROBLEMS - 10' X 10' OFFICE
(MEAN FREQUENCY)

ALY . MONTHLY KEWER
TIRED EYES

EYE FOCUSING
PROBLEMS




Direct Distribution: Troffer




Direct Distribution: Troffer

The sharp cut-off People and objects
provides good glare have a direct view
control, but creates of the lamp.

dark walls and

ceilings, leading

to darker cave-like

environmeanks.




Direct Distribution: Alternate Toffers

& small amount of Batwing lighting
controlled brightness distribution creates
i5 introduced to the less brightness
walls and ceiling, directly below the
creating a brighter, fixture, minimizing
more pleasant veiling reflections.
environment without

causing unwanted

glara.




Indirect Distribution: Pendant




Direct Distribution: Pendants




Combination Distribution




Combination Distribution




Uniformity

Comfort & Quality

Maintained Footcandles on Desk (fc)
Ambient Connected Load (W/sf)
Potential Energy Savings' (%)

First Cost Increase ? (material & labor)
Applicable Square Foot Range? (sf)
OVERALL VALUE

f 9
Base Case

Layout 1 Layout 2
ke *

ok * ¥k
35-45 45-58
1.2 1.2
0-20% 0-20%

4+55-65% Base case
125-150 135-185
ACCEPTABLE BETTER

LAYOUT 1

ACCEPTABLE

Layout 3
L8 8§

% Hok
45-50

1.1
10-25%
20-30%
115-180
BETTER YET

LAYOUT 2

BETTER

LAYOUT 3

BETTER YET

B

c it
B )




Open Plan

open-plan office layouts

COMPARISON CHART FOR OPEN-PLAN OFFICES

Layout 7 Layout Layout 9
Unifermity *k *k ok
Comfort & Quality *k *hk *hkk
Maintained Footcandles on Desk'if:y 40-45 50-60 50-80
Armbient Connected Load ow/sh 1.2 1.1 1.0
Potential Energy Savings?® (%) 20-350 2540%  30-45%
First Cost Increase® (material & labory  +20-30%  +0-5% +35-45%
Applicable Square Foot Range*(sh)  1700-2200 1600-2600 1400-2800 : 11 |
OVERALL VALUE ACCEPTAELE BETTER BETTER YET

LAYOUT 7 2'x2' celling grid
ACCEPTABLE

Power
. 17 —| SUpply
B EJ - - - -
footcandles at the |+ (ﬂ—"a'ﬂﬂf = i
desk will be 15 d 1

4]

a b
to 209 lower if T
furniture partitions :q

QUICK TIP: Actual |

taller than 54" are JE1H “";
used. Furniture-

nd RNl

i

mounted overhead —.]

storage bins

further reduce b

light levels. If bins !

ame used, consider

providing fewer icin
1

I
= L
»,

footcandles from
the ceiling and

providing local 11N
task lighting

i |

LT

5'}-;—-

LAYOUT 8 2'x4" ceiling grid LAYOUT 9 2'x4' ceiling grid
BETTER BETTER YET




Classroom
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COMPARISON CHART FOR GENERAL CLASSROOMS el R
For classrooms from 750 to 850 sf. B E} N Eﬂ l L_\]/CE*
Layout 1 Layout 2 Layout 3 ﬁr i Eﬂ E E}
Interest ok dkkk  dkdok = BT = BRG]
Uniformity ok ok ke Jok ok = | FH=
Comfort & Quality *k *kk FoHHok S ] = 1 R R =
Power Density (w/sf) 1.01 1.16 1.16 . o _! tﬁ’ j DI
Energy Savings (Potential %)*  46% 40% 40% o’ B J/ T IR
First Cost (% Increase) 40% 170% 115% ] TR EES
Maintained Footcandles (fc)  45-50 45-50 45-50 = =3 i
OVERALL VALUE ACCEPTABLE BETTER BETTER YET I e i
Lavout 2- BETTER
e 16—
=
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tavout 1 - ACCEPTABLE tavouT 3- BETTER YET



Corridor Lighting

Using building-standard
office fixtures in corridors
wastes energy.




Corridors

BETTER BETTER YET
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master-slave |
ballast wiring

Y
What Makes Layout 6  What Makes Layout 7
‘Better’? ‘Better Yet'?

s One-lamp fixtures, oriented » Surtace mounted fixture allows
parallel to corridor, provide for greater ceiling height.
uniform distribution on lockers » Works well with any tile systern
and walls. and access panels.

s Master-slave ballast wiring saves  » Wide distribution and white

energy by using multi-lamp louvers provide most uniformity,
ballasts.




Lighting Whiteboards or Vertical Display




Lighting Whiteboards or Vertical Display

Up to 30"
. _ (te minimize
650" (Actual location) reflected glare)
L

:
T
|

g.5"

I T e — e

I | \\,____ Zone in which

L retlected glare
< |

may occur
Reflected glare on a glossy whiteboard can occur when a Reflected glare can be minimized by mounting the
luminaire is mounted at a distance greater than 30 inches luminaire up to 30 inches from the board to form an angle
from the board. of less than 30° from vertical.

Zone in which

/’( reflected glare

may accur




Asymmetric Distribution: Pendant




Asymmetric Distribution: Recessed




Asymmetric Distribution: Surface (above)




Task Lighting




Task Lighting




Book Stacks

» Bookstacks must be lit adequately so patrons can find books and also so
staff can spend long hours shelving books without visual discomfort.

Evenness of illumination across the stack face is more important than
achieving a high lighting level at any single point. More specifically, the
lighting level should be no more than a 6-to-1 maximum-to-minimum ratio
across the entire stack face.

*Reading Stacks — 30fc horizontal (30in above the floor)
*Active Stacks — 30fc vertical (30in above the floor)

In Active Stacks — 5fc vertical (30in above the floor)

Approaches to Stack Lighting
Parallel scheme, where rows of linear fixtures are located directly above the stack aisles

Perpendicular scheme, where rows of fixtures run perpendicular to the stacks and stack
aisles

Indirect scheme, where lighting is aimed upward rather than downward, and is bounced
off the ceiling. The resulting light is diffuse and non-directional. Therefore, the light
fixtures can be arranged in almost any uniform geometry above the stacks.




Book Stacks




Book Stacks

Typical Layout Patterns for Library Stack Areas Parallel Pattern
Suspended Direct Fixture

Staldite 500°

P-DO528TE

Rows centered along
stack aisles

1-T8 lamp

']]'ann&ge Pattern
(Perpendicular) {maintained fc, LLF= .75

— 37—
Transverse Pattern

Suspended Indirect/Direct Fixture

LC-93"
P-ID-9348T8
Rows mounted
perpendicular
to stacks - 8' OC
2-T% lamps

Concentric Pattern

(maintained fc, LLF=_75|

——

+ Verdcal Hluminance on shelves (foot-candles)
# Horlzontal lluminance for a reading posicion




Laboratories

Luminance Recommendations for Laboratories
EMCE PLUn

IESMNA Lighting Handbook- 9th Edition 2000
Nlurminance Maintained (fc)

Specimen collecting

Science laboratory
Ve
Design Guide ion |Interior pg. 46,7

50-70- 100

50-75
100-1
500-75 -




Laboratories




Laboratories

with Indirect/Direct with Indirect/Direct
Linear Fluorescent Fixtures Linear Fluorescent Fixtures
(mounted over work surfaces] {mounted between benches|

Data/Layout [Parabolics A ! ; ;

B — with Indirect only
over ) over between over wall Linear Fluorescent Fixtures
Fixwure Pos{tion work surface Jwork surface | benches shelving mouned .

(mounted over shelving

Fifth Bench Top Avg. and wall-mounted)
Inftlalmant. fe ¢7sLiry | 127108 130104 107/80 108/80

Clreulation Arga floor) 11486 109/82 8685 92/69

Flxture Type Direct IndirectDirect findirectDirect |  Indlrect Asymmetric
Recessed Pendant Pendant Pendant Indlrect Wall

Description Parabolic P-ID-9348T8" § P4D-0368T8" WP4-5948TEHO" | W-AI-96P28T5HO*

Lamp Type FO32T8 FO32T8 F032T8 F54T5HO

X-Sectlon Lamps 2 2

Flxtures/Bench 2 2

Watts/ L2 23 23

Number of rows 20 20

Total flxtures’ 0

Input Watis” 60

Typical flxture cost/fl. $16 $25

Total Installed cost® §13,102

Total cost/ ft.2 $6.24

Annual operating cost’ $864




Lobbies and Reception
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Reception areas are designed for people who are waiting for their appointments and, while

waiting, reading or conversing with others. The lighting should be restful and yet provide enough
illumination for reading.

One way to provide a restful atmosphere without direct glare is by illuminating one or more of
the walls. Another way is to light the ceiling and part of the walls. Accent lighting for pictures or
for a piece of sculpture enlivens the appearance of the room. If there is a receptionist located in
the area, the ambient illumination may need to be augmented, depending on the visual tasks
involved. Care should also be taken to illuminate the receptionist's face, so as to make this
person look approachable, and also to eliminate harsh shadows caused by the downlights
directly overhead. Task lighting can be provided for people waiting in the reception area.




