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Starting Time The time needed after switching on for the la
fully and remain lighted, shall be an average

Color Quality Color Rendering Index >80

Starting Temperature Lamp package must declare the minimum st

|temperatures or geographical zone of usear

conditions (e.g., use.in enclosed luminaire) & -
starting to meet the starting time requiremen’
C78.5, Clause 4.7.

Run-up Time |Per ANSI C78.5, Clause 3.11 and 4.8, shall i

_ ' _ minutes.
Correlated Color Temperature If a.product has a color temperature that-doe

between 2700K and 3000K; the packaging st
describe the color of the product {cool or war
the intendéd use for the product.

Electrical Requirements

ENERGY STAR Spegification
Input Voltage and Frequency 120 volts, 60 Hz |
Power Fattor >0.5

Electromagnetic Interference

Compliance with FCC 47 CFR Part 18 requir
consumer limits

Operating Frequency

>40 kHz

Transient Protection

Per ANSVIEEE C62.41, Category A, 7 strike:

Base

Medium screw E26/24

Compatibility with Controls

Lamp package shall clearly state any known
incomnpatibility with photo controls, dimmers,
devices.

Durability

ENERGY STAR Specification

Average Rated Lamp Life

6,000 hours, or greater as declared by the m

Warranty (applicable to normal residential use) Either 12 months from date of purchase, or &

such as an "800" number or address for cons
complaint resolution.

Labeling

In English, or English with additional languac

Tahle 2

Key Product Criteria for ENERGY STAR Qualified Compact Fluorescent Lamps

Performance
Characteristic

Test Procedure

Lumen Output and Efficacy

’ Compact Fluorescent (see note below): IESNA-LM66 Circle De:

LM9

L.umen Depreciation and
Life

Compact Fluorescent: IESNA-LMB5 & ANSI-C78.5
Circle Design: IESNA-LM40

Color Rendering Index

CiE Publication 13.3

Transient Protection

ANSI/IEEE C62.41, Category A, 7 strikes

Electromagnetic
Interference

FCC 47 CFR Part 18 for consumer limits

Note: Testing with a reference ballast shall not apply to integraily ballasted compact fluorescer
These lamps shall be measured with their integral ballasts at 120 volts and 60 Hz.
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Self-ballasted Compact Fluorescent Lamp: A compact fluorescent lamp unit that incorporates,
7 enclosed, all elements that are necessary for the starting and stable operation of the famp, anc
not include any replaceable or interchangeable parts.

Rated Voltage: The voltage marked on the lamp.
Rated Wattage: The wattage marked on the lamp.
Rated Supply Frequency: The frequency marked on the lamp.

Initial Performance Values: The photometric and electrical characteristics at the end of the 1
period. The lamp operating position shall be base-up when méasuring the initial performance v
otherwise specified by the manufacturer.

Rated Luminous Flux: Initial lumen rating declared by the manufacturer.

Lumen Maintenance: The luminous flux at a given time in the life of the lamp and expressed «
percentage of the initial luminous flux. The mean lumens are the value at 40% of rated life.

Average Rated Lamp Life: The length of time declared by the manufacturer during which 509
number of lamps reach the end of their individual lives.

Lamp Color: The color characteristics of a lamp as defined by the color appearance and the ¢

Color Appearance: The actual color of the lamp is called the color appearance and is defined

: the spectral tri-stimulus values (color coordinates} according to the recommendations of the ClI

o No. 13.3-1995. For color coordinates near the biack body loci, the correlated color temperature
' be used to define color appearance.

Color Rendition: The effect that the spectral characteristics of the light emitted by the lamp he
appearance of the objects illuminated by it is called color rendition. The color-rendering index i
terms of a comparison of the spectral tri-stimulus values of the objects under test illumination &
illumination according to the recommendations of CIE Publication No. 13.2.

Starting Time: The time needed after switching on for the lamp to start fully and remain lighte:

Run-up Time: The time needed after switching on the supply for the lamp to reach 80% of its :
luminous flux.

Starting Temperature: The minimum and maximum temperatures at which the lamp will reliat

Power Factor: The active power divided by the apparent power (i.e., product of the rms input *
rms input current of a ballast).

Scope: The ENERGY STAR compact fluorescent light bulb specification covers the requireme
based compact fluorescent light bulbs and lamp systems, comprising:

(A) Single based compact fluorescent light bulb with twin tube, triple tube, quad tube, square, ¢
limb configurations and having integral electronic ballasts.

{B) Circle and square lamps with a maximum diameter of 8 inches or a maximum side length ¢
having electronic ballast adapters that are packaged with the lamp.

{C) Single based compact fluorescent lamps with integral electronic ballasts and which have a
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cover over the bare fluorescent tube. The cover may be globe, bullet, pear, or other shape.

{D).Single based compact fluorescent light buibs ‘with integral electronic ballasts and which ha

that may be open or enclosed. The lamp shall be primarily infended to replace wide beam inca
reflector lamps. '
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2)

3)

x & -r~.< = -4

E x .<‘f"j,

PLAC Asia Pacific Laboratory Accreditation Cooperatron (NVLAP MRA Signatory).
ACLA Natronal C‘ooperatlon for- Laboratory Accredltatlon (NVLAP MRA Signatery). -
OSHA Occupatlonal Safety & Health Admmtstratlon

NRTL: Nationally Recognized Testmg Laboratory Program whrch is a part of OSHA's Directorate of
Technical Support

£ ic ;'Nafronal Standards instltute
IESNA !ilummatmg Engmeenng Socrety of North Amenca

.U’?U'.O.'U
1z

C!E Commlssnon lnternatronale de l’Ec!arrage

C lntematlonal Electrotechmcal Commrsswn

iters Laboratories.

trim, and power supply connéctioh deslgned to convert an lncandescent or halogen type lnsulated
Ceiling (IC) or non- 1.C. recessed downhght intoan arr—tlght (AT) fixture that uses an energy-effi crent
SOUICE. . . :

BB. Optics — Include reflectors, bafﬂes lehses and/or dlffusers all which control the light drstnbutlon and
the appearance of the lighted fixture.

CC.Trim ~ Trim i§'the part of the downhght that-covers the ragged edge of the ceiling cut-out. The trim
may be a separate ring, OFLFrY nng, or it may be integrated with the optics (i.e., a self-flanged
reﬂector) Airtrght oF non- amrght

DD.] ngta [ = A short plece of cable wnth two connectors on each.end for converting between one
connector type and another also referred toasa screw~based adapter and socket adapter,

Qualifying Products: The ENERGY STAR Residential Light Fixture specification covers the requirements
for indoor and outdoor light fixtures and recessed downlight retrofit kits, as defined in Section 1A'and 1Z
above, and intended primarily for residential type applications.. For the purposes of this ENERGY STAR
specification, residential applications include single-family and muiti-family dwellings (such as houses
and apartments), dormitories, public.or military housing, assisted-living facilities, motels and hotels, and
some light commercial applications.

Eneray-Efficiency Specifications for Qualifying Products: Only those products listed in Section 2 that
meet the criteria below may qualify as ENERGY STAR. Specifications for qualifying indoor fixtures
can be found in Table 1. Specifications for qualifying Recessed Downlight Retrofit Kits can be found
in Table 1A. Specifications for qualifying outdoor fixtures can be found in either Table 2A — Qutdoor
Fixtures: Compliance Through Efficient Light Source or Table 2B — Outdoor Fixtures: Compliance
Through Reduced Operating Time.
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~Correlated Color Teémperature “Forfixturesthat are shipped: with a lamp, and do not hdve a rated:color
temperature of 2700K or 3000K (actual measured GCT of 27000
3000K + 200K), the packaging should clearly describe the color of the:
product (cool or warm) and state lts intended use.

. For fi xtu Ab do not shnp,wﬂh a Iamp, a list of lamp types must bé
“provided that ‘would result in the fixture complying with the
specification. This list must be c!eariy visible fo the consumer on the
| fixture packaging. Manufacturers are.not required to pravide spegific -
Jamp, 1anufacturer names and, model numbers on the packagmg '
Rather genenc lamp listings, such as the NEMA or ANSI generic
such as F32T8/830 or CFQ26W/GZ4q/827 wnll suff ce.

Noise Class A sound ratlng for electromagnettc and electronic ballasts,
ey - fixture. Not to.exceed a measured level.of 24 dBA when
roomi thh am ',nt hoise no greafer than 2» dBA..

el

F:xture Warranty A wntten warranty must be mcluded in fixture packagmg at the tlme of :
»»»»» - | shipment, which covers repair or.replacement of defactive parts of the.
fixture housing, optics, trim and electronics: (excludlng the Iamp) for ’two
years from the date of purchase. ‘ ] !

Dimming i A Torchiere style portable fixtures shall be dimmable from 100% to 30%,
" | ofless; of maximum light output, or be switchable to three levels of

brightness, not including the off position.

Other fixture types that utilize dimmable ballasts shall be ‘dimmable

from 100% to 30%, or less, of maximum light output, of be switchable
to three levels of brightness, not including the off position.

Durability;

Alldamps must utilize an ANSI | Lamp bases shall meet C81.61.
Standardiz ed lamp base
. conﬂguratlon

N

ANSI-EC Standardized Lamps shall meet ANSI C78.901-2001 or C78.81-2001 as appropriate.
Lamps : v Stidit Hher A

For fixtures using non-ANSI-IEC standardized lamps, supply a

o manufacturer lamp specification sheet as appropriate. (Use ANSI lamp
Non ANSI-IEC Standardized | data sheets found in ANSI C78 901 or C78.81 and C81.61.

Lamps 3
Note: Spemﬁc lamp and lamp base characteristics that should be
included in the lamp specification sheet are detailed in Table 3.
ANSI Standardized Ballast -See “Performance Characteristics For Electronic and Magnetic

Ballasts” presented later in this table.
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End of Life Protection ~

Reqwred for all T5 and’ smaller’lamps Manufacturer must submlt

| Jaboratory data or an engmeennghdescnptlon outlining the scheme that
’ f»‘;s used to

hleve the

{Tests for these protectlon cxrcmts are under development by ANSI
subcorrmi : on in 82711, ENERGY STAR: may

| ‘fequire further documenta’non when standard is adopted e

sinbg e )

’.Performance Characterlstlcs
.for ng tic Fluorescent -

General

' Power Factor -

Lamp Current Crest Factor

Maximurn Ballast Operating:’

Case Temperature for
Optimal Performance

Electromagnetic and Radio
Frequency Interference

Ballast Frequency
Transient Protection

End of Life Protéction

| PerANSICB2.1'Se

2 §17

&pt paragraph 5.3.1 and 5.3.2.1.

505

e e

~< 90° ¢ or not o exceed bauast manufacturer reeommendanon
“Whichever is fower.

Note: all qualified fixtures are expected to meet the Maximum Ballast

Operating Case Temperature for Optimal'Performance requirements.

This-includes evéry qualified;fixture including linear, suspended, close-
to-ceiling, IC, ICAT and Non:ICrecessed canisters, etc. as well as
those fixtures that may be exempt from UL1588.

Not Applicable

60 Hz

Not Applicable
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g -‘-'_%;'{Sbl‘-l;umens“Pen:Watt for_:'ﬁxtures from 70 to 150 listed lamp watts. -

| -Note: Fixttires that utilize self—ballaéted compact fluorescent-lamps, -

Lamp sooket £an accept but: shall not operate; any lamp that either |
th

gardless of-base type (mogul, medrum -ete}, are, not ehgrble toeam
NERGYSTAR dr i '

[T

= f?’errf xtures thaf 'aké sAh'“rp'p'edecth a lamp,
lamp must be > 10,000 hours

_ For fixtures that are not shlpped with famps, a hst of !amp types must
"'be provided that would result'in'the fixture complying with the.
specification. This list must be clearly visible to the consumer on the:
|+ fixture, packaging. Manufacturers are not required to provide spegific
- lamp maanufacturer names;and model numbers on the packagmg '
. Rather;.generic lamp hstmgs such as the NEMA or ANSI generic
descnptlons such as F32T8/830 or CFQ26W/G244/827, will suffice.

Eleetromaghetic ahd Radio
Frequency interference

. Baﬂast must be FCC‘ rated for consumer use (FCC 47 CFR Part 18
(‘!ass B for EMI & RFI ‘Consumer Limits).

Controls

Trme of Day

; leture must oontaln an mtegrated daylight threshold sensor that
-automatically; prevents operation durmg daylight hours. The sensor

- -must-automatically reset.to sensing mode within 24 hours of a manual
override or testing’ operahcn M the;daylight threshold sensor can be’
adjusted such that the fixture can operate during full daylight, the

{:+ fixture package must provide a range of settings that will result in the

xture complymg w1th the specn'" cation.

ST

Fixtuvre Wa‘rravnty’

A wntten warranty must be mcluded in fixture packaging at shipment,
which covers repair or replacement of defective parts of the fixture

“housing or electroriics (excludrng the lamp) for two years from the date
of purchase

Safety

Fixtures must be vcompii'antvwit'h- NFPA 70, the National Electrical Code
(NECY, incliiding requiréments for wet locations (Articles 410-4a and
Aricle 100).
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4) Qualification Process, Acceptable Testing Facilities, Testing Standards. & Required Documentation:
The following section describes the steps required to qualify residential light fixtures-as ENERGY-STAR,
provides information abotit acceptable testing facilities, and statesithe testlng standards and
documentation required for each pérformance characteristic: -

' Steps for Partners to Qualify Ressdennai L:qht thtures for ENERGY STAR

To qualify:a residential lighting fixture 25 ENERGY: STAR, it must.bé tested according to the protocol -
outlined below. Note: EPA reserves the nght fo-require; addltlonal .documentation, at any tlme, in
order to determme compliance \ wnth all. performance chara

A. Partner must test qualifying products and obtain required docunientation to'meet the perfonnance
characteristics listed in Section 3.of this specification.: ‘Refer tosTable 3; below, to determine the
referehite’ standard-and required documentatnon applicabletoieach.performance charactenstlc

The:following stipulations applyr 4 5 st

N

R For pen‘ormance eharactensty

8 fundergo testifig and the test results

) ) A . if a‘residential ight fixture partner plans to
usé bal!ast from" sev ral manufacturers i any one f‘ xture the fi xture must be tested with
éach manufactirérs ballast”

»  Forfixiure madels with ofie ballast typé that can work with multiple lamp types, the fixtures
need on!y be téistéd with one lamp typé. The lamp type must either be the one supplied with
the fixture at shipment or, if a lamp is not supplied, one of the lamp types listed on the
packaging. Please note that EPA expects all lamps listed on the packaging to comply with
the specification wher operating on the fixture's ballast. To ease the burden on the
manufacturer, however, test data need be submitted for only one lamp type operating on the
fixture's ballast.

B. Submit a signed and completed copy of the ENERGY STAR Residential Light Fixture Qualified
Product Irformation (QP1) form along with required documentation. To obtain the current version of
the form, visit the “Lighting” section of the ENERGY STAR Web site at www.energystar.gov/parntners
and click on “Product Specifications.”

Explanation of Acceptable Testing Facilities:

+ To ensure quality product in the marketplace, ENERGY STAR requires test data from a
laboratory accredited by one of the following: NVLAP, a laboratory accredited through one of
NVLAP’s MRA signatory partners (ILAC, APLEC, NACLA), or, when appropriate, from an
OSHA NRTL or a laboratory accredited by an OSHA NRTL. (see Table 3 for specific
requirements).

Please note that the required laboratory data for lumen output, CRI, CCT, and {amp life must
come from a NVLAP accredited laboratory whose scope of accreditation includes the
specific reference standards that are listed in Table 3 of this specification. Partner should
obtain from the laboratory both its certificate of accreditation and its scope of accreditation
and submit them to ENERGY STAR. Documentation for safety requirements must come
from an OSHA NRTL. All other documentation may come from one of the accredited
jaboratories mentioned in the previous paragraph.

ENERGY STAR Program Requirements for Residentiai Lignt Fixtures: Version 3.2 ‘ ‘ : 11




$tandards and Required Documientation

‘ System Efficacy
‘ nght Output

Laboratory test results must come from the
generic lamp and specific ballast
combination that will operate in the fixture.
Provide a test report from a laboratory

1. accredited by NVLAP; or

2. supply an EPA approved Platform Lett?r
of Qualification that lists the lamp/ballast
1. combinationjused in the fixture and the:
.- ~test resultfof this perfarmance
charactenstlc

Note: The laboratory used for thrs test must
be accredited by NVLAP and have a scope
of accreditation that includes the method of
measurement reference standard for this
performance characteristic.

Reflectors (Table 1A)  [{N/A= ot 2 "1 Record the refiector type in the appropriate
. space on the Qualified Product information:
(QPYH Form.
LampStart Timé | ANSI C82:11:5.2 Laboratory test results must come from the
(Tables 1, 1A) B lamp and ballast combination that is shipped

with the fixture. Provide a test report from:

14 .alaboratory accredited by NVLAP; or

2. alaboratory accredited by one of its
MRA 'signatories; or

| 3. alaboratory accredited by an OSHA

© NRTLjor™

4 supply an. EPA approved Platform Lettér
. of Qualification that lists the lamp/ballast
. :‘combmatxon iused in the fixture and the’

test result for this performance

:;’charactenstlc
Lamp Life IESNA LM-40; LM-65 : Laboratory test results are not required for
(Tables 1, 1A) "ENERGY STAR qualification. However, a

test report from a laboratory accredited by
NVLAR must be submitted upon EPA
] request

Note: The laboratory used for this test must
be accredited by NVLAP and have a scope
of accreditation that includes the method of
measurement reference standard for thls
performance characteristic.
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Dimming
(Tables 1, 1A)

No Standard Available
(Use manufacturer protocol)

A laboratory report is NOT requnred to be
attached at the time of product submittal.

However, it should be stated on the QPI fon'n :

if the ballast is dimmable.

Note: A laboratory test report proving the
fixture is dimmable from 100% to 30% must
be submitted upon EPA request.

Dumbity,
‘(Tables 1, 1A)

ANSI Standardized
tamps

.| ANS| C78 901—2001 ANSI
i C78 81~2001 ANSI C81.61

Specify applicable ANSI or ANSIHEC
Standard Data Sheet Number and ANSI
designated base type on the QP! Form.

' '::NonaANiSt.s:andamized
" 1'Lamps

sANSE 078 901-2001 ANSI
C78.81¢ {(as reference)

] ANSI-C81.61

For ﬂxtures usmg non—ANSI standardized
lamps, supply a manufacturer lamp
specification sheeét that describes the
electrical and dimensional information
including the following as appropnate (Use:
ANS! lamp data sheets found in ANSI
C78.901 and C78.81 as reference):
o Lamp Description:
~ Lamp Abbreviation
~ Nominal Wattage
~ Nominal Dimension (OAL, Width,
Depth)
~ Bulb Designation
- Circuit Application
o Physical Gharacteristics
" Dimensional Characteristics

" Base Specifications (must be
standardized, reference ANSI C81.61)

o Operating Position
o Cathode Characteristics
- Type

o Radio Interference Suppressxon
Capacitor

 Minimum (uF) (at 80Hz)
~ Maximum (uF) (at 60Hz)
o Lamp Starting Time
o Reference Ballast Charactenstlcs
" Rated mput voltage (V)
~ Reference Current (A)
- impedance (ohms)
o Thermal Conditions
" Base temperature rise (K max.)

T 18
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Safety: Outdéor:

NFPA 70, the'National

(Tables 1, 1A) -

ANS! €82.1-56.1

:*Prowde a test report from

the ‘Provtde the cover page of a: safety fest report
(Tables 2A & 2B) Electrical Code (NEC),: or a general coverage statement from-an™
S0 . I includingsrequirements for OSHA NRTL. Including evidence ofthe Rem
¢ -} wet Jocations'when Test for Wet Location when applicable.- -
{ applicable (Aticles 410-4a
and Artrcle 100)
Power Factor B | ANSI £82.11-3.3.1 ant fecturer or Jab, data .
(Tables 1, 1A). . Note A lal _orgtory test report must be
- submitted upon EPA request.
Lamp Current ANSI C82.1441 i3.'3';3 and 5.6 Laboratory testmg must be completed usmg
Crest Factor. the ballast that isishipped with the fixture. -

a laboratory accredited by one
MRA signatories; or,

3. alaboratory accreditéd by an OSHA
NRTL; or

4.- supply an EPA-approved Platform. Letter
of-Qualification thatlists'the: Iamp/batlast
combination used in the fixture and the
test result for this performance
characteristic.

1 Maximum Ballast
Operating Case
Temperature for
Optimal Performance
(Tables 1, 1A)

UL 1598, Section 11
(Acceptable when the
thermocouple is placed at
the hot-spot location
indicated by the batlast
manufacturer for
performance )

Lighting Research Center
(LRC) “Proposed Durability
Testing Method:
Temperature”,

Note: All qualified fidures

are expected to: meet the-

Maximum Battast_Operatmg
Case Temperature for
Optimal Performance -
requirements. This includes
every qualified fixture
including linear, suspended,
close-to-ceiling, 1C, ICAT
and Non-IC recessed
canisters, efc. as well as
those fixtures that may be
exempt from UL 1598.

Supply manufacturer or Iab data.

Note: A laboratory test report must be
submitted upon EPA request. The test report
should. show that the temperature of the
ballast case, when installed in the fixture and
after being in operation for at least 7.5 hours,
does not exceed the manufacturer's
maximum ballast case temperature for
performance. The temperature‘of the ballast
case should be taken at the *hotsspot™. .1
locations for perférmance as indicated by the
ballast manufacturer. If the maximurm ballast
operating case temperature and hot-spot

-locations cannét be obtained from:the: batlaét

manufacturer, measurements should be :
completed in accordance with the LRC'’s
*Proposed Durability Testing Method:
Temperature”. The laboratory test report
may come from one of the following: 1) *in-
house” fixture manufacturer laboratory; 2)
lamp or ballast manufacturer laboratory; 3)

‘third party independent laboratory.

17
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Indoor Product
Packaging
Requirements:
{Tables 1A)

e Recessed

Kat

Dawnlight Rétroft

‘NoStandards Available. -

“|:pretiuct:packaging:and provide the»
|: @ppropriate installation instructions -

Provide a written copy or a:PDF graphiciof
thie language'that will be dlsplayed on

Outdoor Product
Packaging
‘Requirements:
(Tables;:2A, 2A-

- |:Special pphcatlons

. Time: of Day
1 “Control
o Shut-Off

L e
"| No Standards Available
e e meed b ks ',guagethatwm be dnsp!ayedcm

‘¢ Motion Controf = "</ [ -

Prowde a wntten oopy ora PDF graphlc of

Lamp:Socket AN | Provide a writtén deseription about-the . ©

Compatibility SRR physiéal charactenstlcs -and the dperation of

(Table 2A) the lamp socket indicating, that the lamp
holder could accept but shall NOT operate
any lamp that either exceeds the input power
range of the fixture, or is a lamp type not
intended to be used in that particular fixture.
Note: A copy or photograph of the “relamp”
marking on the fixture, which designates the
intended lamp type and wattage, is
acceptable documentation.

Time of Day Control N/A Supply manufacturer or lab data.

{Tables 2A & 2B) Note: A laboratory test report must be
submitted upon EPA request.

Motion Control N/A Supply manufacturer or lab data.

{Table 2B) Note: A laboratory test report must be
submitted upon EPA request.

Shut-off N/A Supply manufacturer or lab data.

(Table 2A) Note: A laboratory test report must be

submitted upon EPA request.

5) Effective Date: The date that manufacturers may begin to qualify products as ENERGY STAR will be
defined as the effective date of the agreement. The ENERGY STAR Version 3.2 Specification for
Residential Light Fixtures shall go into effect on September 19, 2003. Any previously executed
agreemerit on the subject of ENERGY STAR qualified residential light fixtures, shall be terminated
effective September 19, 2003.

A. Qualifying and Labeling Products under the Version 3.2 Specification: All products, including models

originally qualified under Version 3.1 with a date of manufacture after September 19, 2003, must

ENERGY STAR Program Requirements for Residential Light Fixtiires: Version 3:2 BN £




. D0111066 Energy Efficiency Policy Manual Page 1 of 6

California Home CPUC Home Thursday, December 4, 2003

Established Cost-Effectiveness Inputs

Certain inputs to the cost-effectiveness tests identified in the SPM have already been established by the
Commission. Parties should use these inputs presenting their cost-effectiveness analysis to the Commission in
their program proposals. These established inputs, along with their sources, are given below. All of the values
given below represent the best-available data at the time of adoption of this manual. The Commission will update
these assumptions periodically.

Effective Useful Lives of Energy Efficiency Measures

Standard values for effective useful lives (EULs) or measures are the standard assumptions used to determine
the life-cycle savings associated with certain common energy efficiency measures. The EUL is general!y an -
estimate of the median number of years that the measures installed under a given program are still in place and
operable2 if a program proposal involves any of the-measures listed below, the standard assumpt:on should be
used. If a proposed program involves a measure not listed below, the applicant should propose ‘an appropriate

assumption for the EUL, citing any rélevant studies or other data sources. In order to minimize uncertainty, EULs
will be limited to a maximum of 20 years, even if particular devices may be eéxpected to survive longer.

Table 4.1. Effective Useful Lives of Energy Efficiency Measures

Measure , |l Lifetime || Measure |l Lifetime |
| Lighting - L unprovens _HVAC ]
[Ballast - Dimmable I {16 Y |[Air Conditioners - High Efficiency || 15 |
[Ballast - Electronic [ 6 |[Boiler - High Efficiency 20 |
CF- Screw-in Replaceable Lamp (\E)\ Bypass/Delay Timer 15
(Modular) N TO0 HiGH#
|[Compact Fluorescent Hardware Fixture || 16 ||Chiller - High Efficiency | 20 |
De!ampihg/Fixture 16 Chiller - Variable Speed Drive 20 |
Modifications/Removal »
Exit-Sign - CF Hardware Kid/LED/ 16 Cooling Towers/Evaporative 15
Electro-Luminescent Condenser ,
|Fluorescent Fixture - T8 I 16 |IFurnace - High Efficiency ji 20 |
[Halogen Lamp ‘ " [ 06 |[Clazing - High Shade Coefficient || 20 |
[HID Fixture , 16 [Heat Pump - Packaged | 15 |
QOccupancy Sensor 8 HVAC/Space Heating/ Efficiency 15
(Gas) . :
[Photocell | 8 |linsulation I 20 |
T8 Fixtures - 17 Watt Lamp, 2ft or 32- 16 Reflective Window Fiim/ Wmdows 10
watt L.amp, 4ft
[Time Clock - Lighting I 8 |lset-Back Thermostat 11 ]
[Fixture: T8 Lamp & Electronic Ballast || 16 ||Timeclock I 10 |
[High Efficiency Lighting 18 Heat Pump - Split System I 15 |
High Output T5 Fixiure I 16 ||AC Packaged Terminal Units I 15
induction Lamps I 2 ||Adjustable Speed Drive I 15
% |[Induction Fixture I 16 |lGround Source Heat Pump 15 ]
Indoor or Qutdoor System Modifi canon 16 Heat Pump with lntegrated Water 15
Heating
I i If i 1
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ILighting Controls | 16 |lPackaged HVAC Systems | 15 |
. ||Daylighting Controls | 16 |water Cooled Chillers | 20 ]
' |lLighting Power Density | 16 linsulation Package I 20 ]
' ~ Refrigeration ” | Energy Management System | 15 ]
|Auto Closer for Cooler/Freezer | 8  |Reduceinternalload |
Door Gaskets . | 4 |[Evaporative Coolers 15 ]
Floating Head Pressure | 16 |HVAC/Refrigeration - SPC I 20 |
|Heatless Door , | 16 _ |[Nonresidential Gas - AC 20
Humidistat Control for Anti-Sweat 12 ~ Hot Water o
Heater
[Insulation on Refrigeration Suction Line || 11 |[Water Heater - Gas i 15 |
[Night Covers for Display Cases I 5 |[Horizontal Clothes Washer I 10 I

Table 4.1 (continued). Effective Useful Lives of Energy Efficiency Measures

Measure Lifetime Measure Lifetime

PSC Evaporator Motor - Walk-in/Display 16 Efficient Dishwashing 5

Refrigeration Case Doors - Glass/Actylic 12 Water Heater Controls 15

Refrigerator Case with Doors 16 Domestic Hot Water Boiler 20

Refrigerator Condensate Evaporator - 8 Miscellaneous

Elec/Non Elec

Strip Curtains for Walk-Ins 4 Cooking Equipment 12

Ballast: Electronic, for display case 16 High Efficiency Engine 15

Defrost 16 Kiln/Oven/Furnace 20

FHP & EFF Conditioner 16 Thermal Night Curtains 5

High-efficiency Liquid Suction Heat 16 Custom Measures - SPC 15

Exchangers

Night Shields on Refrigerator and 16 Local Government tnitiatives 11

Freezer Cases

Refrigerator: Evaporative Fan Controller 5 Extrusion Equipment 15

Supermarket Systems 14 Audits 3
Plug Load Sensor 10
Information 1
High Efficiency Motdrs 15
Variable Frequency Drives 15
Process Overhaul 20
Pump Test 15
System Controls 15

Net-to-Gross Ratios

Net-to-gross ratios (NTGRs) are used to estimate free-ridership occurring in energy efficiency programs. Free
riders are program participants who would have undertaken an activity, regardless of whether there was an
energy efficiency program promoting that activity or not. An NTGR is a factor that represents the net program load
_ impact divided by the gross program load impact. This factor is applied to gross program savings to determine the
E .\ program'’s net impact. This factor is important in determining actual energy savings attributable to a particular
- program, as distinct from energy efficiency occurring naturally (in the absence of a program).

Applicants should refer to the SPM to determine the appropriate manner in which to use NTGRs in submitting
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program cost-effectiveness information.

Program proposals should use the applicable NTGRs listed below. If a program is not listed below, or ifa
proposed program design deviates substantially from past design of related programs, program proposals may
utilize a default NTGR-of 0.8 until such time as a new, more appropriate, value is determined in the course of
program evaluation. All existing programs not listed below shall also use a default value of 0.8.

Table 4.2. Net-to-Gross Ratios

[Program Area/Program f ' HNet-to-Gross Ratio
[ . Residential , . .
[Appliance early retirement and replacement I 0.80|
ICahfomxa Home Energy Efficiency Rating System (CHEERS) . - 072l
[Residential Audits , o 0.72)|-
Refrigerator Recycling ’ L ~0.80)
Residential Contractor Program ' [ T .89
[Emerging Technologies ' ' ' 0.83]f
|{All other residential programs ' | 0.80]
| Nonresidential I
|Advanced water heating systems I .1.00]
|Agricultural and Dairy Incentives B ] 0.75|
ICoin Laundry and-Dry Cleaner Education _0.70|
Commercial and agricultural information, tools, or design 0.83
assistance services
[Comprehensive Space Conditioning | 1.00|
[Lodging Education | 0.70|
|Express Efficiency (rebates) ' | 0.96]
Energy Management Services, including audits (for small and 0.83
medium customers)
[Food Services Equipment Retrofit ‘ I : 1.00]
|Industrial Information and Services ’ B 0.74
ILarge Standard Performance Contract ] _ 0.53
[All other nonresidential programs l 0.80|
| _ New Construction ’ I
[industrial and Agricultural Process I 0.94]
[Industrial new construction incentives I 0.62]
ISaving$ by Design ' I[ 4 0.62[
{All other new construction programs ” ' 0.80]

Discount Rate

in evaluating all energy efficiency program propesals, the Commission shall use a pre-established discount rate of
B.15%. This standard assumption, used as the default in recent years, may be updated in the future. The discount
 rate is used simply to translate potential benefits in future years into current year terms.

) ‘Avoided Costs
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In order to estimate the value of the energy efficiency occurring as a result of program activities, parties will need.
to be able to estimate the "avoided cost" of the provision of that supply of energy. Avoided costs represent the
value of the electricity or natural gas that, in the absence of a program, would neéd to bé procured and defivered
to an individual consumer. When an energy efficiency programs creates a reduction in demand for electricity or
natural gas, costs are avoided from the perspective of the consumer, the utility, and society. The Commission will
continue to use six sets of avoided cost streams, which should be used on a statewide basis to apply to all
program proposals:

Electric
- Avoided generation costs
- Avoided transmission and distribution costs
- Environmental externalities
Gas
- Commodity procurement costs
< Transmission and distribution costs
- Environmental externalities

Not all of the above avoided cost streams are necessary for all cost-effectiveness tests described in the Standard
Practices Manual. Refer to that manual for more details on how to use the avoided cost streams.

Table 4.3 gives the Commission’s avoided cost assumptions. Sources of each stream of values are given below
the table. These estimates will be updated in the coming year for use during the 2003 funding cycle. Any new
avoided costs will be utilized on a prospective basis for future program planning, and not applied retroactively to
evaluate existing programs that were developed based on an earlier set of avoided cost assumptions.

Table 4.3. Electric and Gas Avoided Costs

l | ” Electric ($ per MWh) “ Gas ($ per therm) '
Year Generation|| Trans. &|| Env. Ext. Total||Commodity|| Trans. & Env. Ext.|| Total Gas
. Dist. Electric Dist.
[2002 ][ $99.05 $5.25 || $6555 | $110.85 | $0.49 || $0.03 | $0.06 | $058 |
003 || $56.71 || $550 | $6.80 || $69.01 || $0.37 || $0.03 | $0.06 || $047 |
2004 | $5341 || $574 || $7.04 | se6.19 | 3034 || $0.03 | $oo0e | $0.43 |
2005 || $54.51 || $6.00 | $7.20 | 6771 || $0.35 || $0.03 | $0.06 | $0.45 |
2006 || $40.61 || $6.20 || $7.40 [ $63.21 || $0.37 | $0.03 | $007 | $0.47
oo |[ $51.55 || $6.50 || $7.60 [ $6565 || $0.39 || $0.03 | %007 | $0.49
2008 || 85325 || $675 || $7.85 || 6785 || 3040 || $0.04 | 007 |[ %051 |
oos | $55.10 || $7.04 | $8.14 || $7028 || $0.42 || $004 | $0.07 | $053 |
[2010 || $57.08 || $734 || $8.34 | $7276 || $044 | $0.04 || soo07 | s0.55 |
2011 || $58.96 || 9760 || $8.60 | $75.16 || %038 ][ s0.04 | 008 | $0.49 |
Jeo12 || 6138 || $7.94 | $884 | $78.16 || $040 || $0.04 | $0.08 | $0.51 |
12013 ] $6389 || $830 |[ $9.10 || $81.39 || $042 || $0.04 | $0.08 || $053 |
2014 | $66.76 || $8.60 | $9.40 | 38476 || $043 | $0.04 | $008 | $056
I I I | I I I i I
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2015 || $6976 || $9.00 || s070 || 38846 || 045 || $0.04 | $0.09 | 058 |
2016 || $7300 | $9.34 || $9.94 [ $92.28 || $048 | $0.04 || $0.09 | $061 |
[2017 ][ $7649 || %974 | $1024 || $96.47 || $050 || $0.04 $0.09 ][ $0.63 |
018 ][ $8023 ][ $10.14 || $10.54 | $100.91 | %052 || $0.05 || $0.09 | $0.66 |
[2019 || $84.28 | $1055 ][ $10.81 |[ $105.64 [ $054 ][ %005 | %010 || $068
[2020 || $88.44 | $10.59 |[ $11.08 ][ $110.11 ] $057 || $0.05 || $0.10 || $0.71

12021 || $92.87 || $11.42 ][ $11.36 |[ $115.34 [ $059 [ 3005 | $0.10 || $0.74 |

Data Sources
Electric

1. Avoided Costs of Generation. These values are based on an August 2000 California Energy Commlsswn
forecast of market clearing prices using the MULTISYM model. Values for certain years were updated based on
direction given in an October 25, 2000 ALJ Ruling on PY2001 plannxng in A.99-09-049, subsequently adopted by
the Commission in D.01-01-060. Modifications to the CEC forecast were as follows:

Table 4.4. Assumptions for Electric Generation Costs

!Program Years HBasxs
2002 Historical market clearing price data from the Power Exrhange
4 {October 1999 to September 2000)
[2003-2010 |ICEC market clearing price forecast, plus 20% |
2011-2020 ICEC market clearing price forecast ' |
2021 CEC market clearing price escalated by growth rate over previous five
years

In addition, the values reflected in Table 4.3 incorporate an "on-peak” multiplier, as ordered in the ALJ
ruling of Octaober 25, 2000 to account for the system value of reduced load on reducing market clearing
prices, pursuant to AB970, Section 7, Table B, Paragraph 8, and the September 14, 2000 and October 25,
2000 ALJ rulings in A.99-09-049. The on-peak multipliers are described in Table 4.5.

Table 4.5. On-Peak Muitipliers

[Program Years HMultiplier

|
2002 |[5.0x |
2003-2005 |[2.0x |
[2006-2021 Il1.5% J

2. Electric Transmission and Distribution Avoided Costs. The T&D avoided cost value-stream is calculated
based upon a statewide average of weighted forecasts of avoided T&D costs across utility service territories. This
forecast was based upon 1996 sales for each utility, and converted from $/kW to $/MWh by assuming a 0.6 load
factor. These values were adopted by the Commission in Resolution E-3592.

3. Electric Environmental Externalities. These values were adopted by the Commission in Resolution E-3592.

4 Gas Avoided Commodity Costs. Gas procurement costs are based on the CEC's August 2000 base case
Vprice forecast for electric generation. !

5. Gas Transmission and Distribution Avoided Costs. These values represent a weighted average of gas T&D
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costs in PG&E, SDG&E, and SpCaIGas territories, as representéd by each utility in their PY2000 annual reports.

6. Gas Envnronmental Externalities. These values were recommended by the CBEE and adopted by the
Commission in Resolution E-3592.

8 Source: Procedures for the Verification of Costs, Benefits, and Shareholder Earnings from Demand Side
Management (DSM) Programs (MA&E Protocols). See also p. 26 of September 25, 2000 CALMAC report
prepared pursuant to Ordering Paragraph 9 of D.00-07-017. 8 Source: p. 26 of Septermber 25, 2000 CALMAC

report, referencing D.00-07-017 ordering paragraph 9.
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Technology
Occupancy Sensors

Estimated Energy Savings — kWh
Savings estimates vary by type of space and connected load. We are suggesting a
two tier incentive based on square footage controlled. Larger square footages
controlled will likely result in higher costs for multiple sensors, additional wiring,
etc. We are not specifying savings or incentives by type of space assuming a
natural mix in actual applications.

Industry Estimates of potential energy savings for occupancy sensors (%)

Space Type | CEC Esource BN Novitas Watt
Stopper

Private 25-50 13-50 &0 40-55 15-70
office

Open office | 20-25 20-28 B 30-35 525
Classtoom | - 40-46 WEy | 3040 10-75
Conference | 45-65 22-65 45-65 20-65
Restroom 30-75 30-90 45-65 30-75
Warehouses { 50-75 - 70-90 50-75
Storage 45-65 45-80 - 45-65

Assumed 3,956 annual hours of operation (average of all commercial and
industrial customers), a 30% reduction in operating hours and 1.2 watts/square
foot of lighting controlled.

Under 500 ft* 300 fi> average x 1.2 watt/t’ x 3956 hours x 30% = 427 kWh
1000 watts/kWh

Over 500 ft* 750 R average x 1.2 watt/fi’ x 3956 hours x 30% = 1068 kWh
1000 watts/kWh

Summer Peak Savings
None — occupancy sensors may reduce load at peak but not for most applications.

Measure Life
8-15 years

Initial One-Time Cost
Prices vary depending on sensor capability. Range from approximately $40 for
low end or residential model to $200, not including installation. Assume $100 to
$400/unit installed.






Any Recurring Costs
None.

Suggested Incentive

Under 500 f? - $20/unit
Over 500 fi? - $40/unit

Incentive could be structured on wattage controlled or at a single incentive level
for all installations.

Requirements

~ For Application —
Care should be taken when specifying occupancy sensors to ensure occupant
satisfaction. Two main technologies used for occupancy sensors are passive
infrared (PIR) and ultrasonic. PIR sensors react to body heat and sense occupancy
by detecting the difference in ‘heat from a body and the background. Ultrasonic
sensors use volumetric detectors and broadcast sounds above the range of hiiman
hearing, then measure the time it takes the waves to return and can detect persons
behind obstructions.
Both types of sensors feature a delay adjustment which sets the time that lights are
on after no occupancy is detected and a sensitivity adjustment which makes the
unit either more or less sensitive to motion. Delays should not be set for less than
10 minutes so that lamp life is not affected or make sure that programmed start
ballasts are specified with fluorescent lamps.
Ultrasonic sensors are sensitive to air movement from HVAC diffusers and
should be adjusted to a point at which they are not sensing air movement.

Existing Energy Standards
There are currently no Energy Star standards for this technology.

Source of Info
FEMP, LRC; Green Seal Report, manufacturer’s web sites Novitas, Leviton,
Watt Stopper, Pass & Seymour Legrand
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An Analysis of the Energy and Cost Savings Potential

of Occupancy Sensors for Commercial Lighting Systems
Introduction

Since the}r introduction more than 20 years ago, occupancy sensor controls for lighting systems have
promised significant enerizy anid dc}ilz:ar savings potential in a variety of conknercial lighting aﬁglicatidns' By
automatically controlling lighting‘,yto turn lights fo when spaces are unoccupied, occup'ancy seﬁéor§ controls
compliment connected load reductions accomplished by lamp and ballast retrofits, giving building owners and
operators additional opportunities to improve energy savings without compromising lighting service to building
accupants. ‘With typical estimated energy savings potential in from Y% to more than % of lighting energy (Audin,
1993, EPRI 1992), occupancy sensors have frequently been promoted as one of the most cost effective technologies
available for retrofitting cormmercial lighting systems. Both pational and many state new construction codes also
recognize the contribution of occupancy sensors to meet the power density allowances for designing interior

lighting systems.

Despite widespread promotion of these benefits, occupancy sensors have relatively poor market
development compared to other lighting technologies. In addition to confronting the typical market barriers facing
all new lighting technologies (high first cost, no uniform performance standards or measurement methodology,
difficulty in specifying and commissioning, interaction with other system components, long term persistence due to
user interference, etc), occupancy sensors also suffer from the difficulty of definitively predicting and demonstrating
savings. Unlike technologies that reduce connected Joad where savings can be readily measured, occupancy sensor ‘
performance is dependent on the user occupancy, lighting control palterns, sensor selection and commissioning.
Consequentiy even within generic space uses categories, industry savings estimates range by a factor of two to three .

as shown in Table 1.

These savings estimates have also been criticized as being overly optimistic, given that energy saved during

utility off-peak hours is typically less valuable than energy saved during utility shoulder or peak periods. These
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performance uncertainties make it difficult to predict the economic benefit, and create significant additional

specification risks beyond those borne by demand limiting measures.

Previoﬁs Work

Little objective, independent and detalled research information is available on occupancy and hghtmg
pattems Smgle building case studies have also reported a range of savmgs ina vanety of apphcahons Savmgs of
10%to ]9% have been reported for classrooms (F loyd et al,, 1995; Rundqmst, 1996), and of 27% to 43% n pnvate‘ |
offices (Jexmmgs et al,, 1999; Mamccm etal, 1999 Seattle Cnty nght, 1992) Rlchman, et al (1996) reports s

“t

potential energy savings of between 45% and 3% for private offices and between 86% and 73% for restrooms.

The primary Ob_] ective of the present study was to mvestxgate li ghting opcratmn and workspéce occupancy
patterns across numerous commercial buildings to better quantxfy the performance estlmates of occupancy sensc;rs
across typical space types. By examining how‘occupants occupy their spaces and manually control their liéi]tiﬁg,
and comparing these basclines to modeled occupancy sensor control scenarios, energy and ‘dollar.s savingsvv ﬁbtentials
are investigated. Note that £11e system economics of evaluating energy savings against lamp maintenance costs for

these same control scenarios are evaluated in an associated paper, The Effects of Changes Occupancy Sensor

Timeout Setting on Energy Savings, Lamp Cycling, and Maintendnce Costs.

Methodology

Sixty organizations were chosen for study from active participants in the US. Environmental Protection
Agency’s Green Lights Program. The study buildings were located in twenty-four states, and occupied by profit,
not-for profit, service and manufacturing companies, healthcare organizations, primary and secondary education,
and local, state, and federal government entities. The diversity of age, size, efficiency, ownership and occupancy
types for these buildings was intended to represent a typical cross section of the country’s commercial building

stock.
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Roomis for study were identified by on-site facilities management staff as representative of space types
within that building, both in their floorplan, occupancy, and lighting system . All spaces contained marnual controls
for the lighting systems, with a minimum connected lighting load of at least 150 watts. A two-week monitoring
period between February and September 1997 was chosen to represent a typical lighting and occupancy schedule.
Data for 180 rooms were originally collected; after eliminating records with inconsistent or incomplete data, the
study database contained 158 rooms pateggrized by primary occupancy type into 42 restrooms, 37 private offices, 35
classrooms, 33 conféfence rooms; ‘anl.i 1} break rooms. Rooms weré gurveyed for occupancy type, dimensions and
lighﬁng syster specification. Occugaflcsr and lighting operaﬁon data was collected using Wz;ttstoppg{ l’nteli“[“ix_ney
Pro® IT100 data loggers. The lqgggr device recorded the tipme and state of the light and/or oceupancy condition.
BEach time'occupancy or the lighting condition changed, the logger documented the time of day and the change in
condition. An algorithm was developed to convert the data recorded from rthe Watt Stopper InteliTimer Pro device
into one-minute increments for the 14-day monitoring period. There were cases :when the lights were turned on and
off, but no occupant was detected in th; space. This was considered a detection error; and was corrected by |
modifying the data set to switch the occupancy condition from unoceupied to occupied for those instances. This

ocecurred for:

«  six of the break rooms with detection errors ranging between one and 181 events (0% to 1% of the
total events)

e 17 of the classrooms with detection errors ranging between one and 2,677 events (0% to 13% of the
total events)

s 16 of the conference rooms with detection errors ranging between one and 1,681 events (0% to 8% of
the-total events)

» 17 of the private offices with detection errors ranging between one:and 5,686 events (0% to 28% of the
total events)

s seven of the restrooms with detection errors ranging between one and 275 events (0% to 1% of the

total events).
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Descriptive statistics were calculated and cost analyses were performed for weekdays, weekends, and for the

total 14-day monitoring period. Data also were analyzed by separating 24-hour periods into one 12-hour day shift

(Day) and one 12-hour evening shift (Night). Day and night shifts were analyzed from 06:00 to 18:00 and 18:00to .

06:00, respectively. Data presented for weekdays were averaged over the 10 weekdays, and for weekends were

averaged over the four weekend days in the monitoring period. Data presented for the total period were éVérég¢d '

over the 14-day monitoring period. Baseliné oceupant witching and occupancy patterns were establishied using the

collected data on occupancy and light usage. The baseline occupancy and light usage data were then ﬁsedtfo'r :

modeling the effects of installing occupancy sensors with 5-, 10-, 15-, and 20-minute time delay periods.

Statistical analyses also were conducted to investigate whether theré were significant diffefehéés'bétweén
the energy use for shift (day or night), time of week (weekday or weekend), and timeout settiné, L)r anywirﬁxtera‘cﬁons
between shift and timeout settings and time of week and timeout settings. These analyses were used 16 provi;ie
evidence of which differences were real and which occurred by chance. Within-subjects analyses of variance using
repeated mea‘smés (A.NOVR) were used for the analyes. One analysis compared day and night periods to the
baseline and the four timeout settings. A second analysis compared the weekday and weekend data fora 24~h;>ﬁr
peribd to the baseline and the four timeout settings. Follow-up tests were conducted using pairwise comparisoﬁ t-

tests.

For the energy calculations, the total load for each room was used to determine lighting energy use and .
waste. Lighting energy use was calculated by multiplying the total lighting load by the time that the lights were on
and the room was occupied. Lighting energy waste was calculated by multiplying the total load by the time that the
lights were on and the room was unoccupied. Total energy savings was determined by applying a flat $0.08/kWh

rate to the modeled energy savings under each ¢ontrol scenario.
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Findings — Baseline data

Total energy savings potential

Determining the basic energy savings potential across applications requires establishing a baseline of observed
occupancy and lighting conditions. Lighting and occupancy use in any space will always fall into one of the

following four conditions:

1. Occupied with the lights on
2. Occupied with the lights off
3. Unoccupied with the lights on

4. Unoccupied with the lights off

Of the‘four conditions, the first three are of particular interest. Condition one is of interest for garnering
informat?on about how frequently occupants use these types of spaces with the lights on. Cf)ndiﬁons two aﬁd three
are Of interest when considering lighting controls. If occupants frequently occupy a space wifh the lights off
(conﬁition two), then a manual iighting control device that allows occupants to twrn lights off when needed should
be provided. Condition three represents wasted lighting ¢nergy by having lights on when spaces are unoccupied.
This condition is of primary importance when considering using automatic occupancy sensor control. Tabie 2 lists

the average percentage of time each application was in each of the first three occupancy and lighting conditions.

Table 2 illustrates that spaces were infrequently occupied, with the daily percentage of total occupied time.
with lights on and off never exceeding 24"/@ Also, occupants did not diligently turn lights off when they vacated
spaces, with the lighting system in classrooms, conference rooms, and restrooms operating more often when the
occupants were out of the room than in the room. This is intuitively understandable‘ in corimon area applications
(such as restrooms and conference rooms), where occupants do not feel that the lighting is “theirs” to control. The
split, however, is still fairly even in private offices, indicating that even in personal spaces, occupants were not
diligent about controlling their lighting use. The data shown for condition 2 indicates that occupants rarely occupied

spaces with the lights off, indicating that for these spaces there may be a small potential benefit of installing manual
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controls. Note that since the presence of daylight availability was not documented in this study, however, it is
difficult to compare these results to other studies which have found higher savings potentials from installing manual

controls (Maniccia et al.,. 1999).
Time of day/iveek impacts on energy savings

Determining the.-appiicability of occupancy sensoOrs s a-control strategy suitable to obtain these savings
Tequires anexamination of when' those savings present themselves. As an automatic control strategy, qcogpan”cjy, .
sensors'work best in areas where occupancy:s intermittent and unpredictable. Where the lighting is .inadverténtly
left on overnight by cleaning, seécurity, or occupants, amore cost effective control strategy may be an education. ‘
campaign, or the installation of a simple timeclock. For these reasons, the savings estimat'eé are examined-_ovér four

defined periods ~ weekday days, weekday evenings, weekend days, and weekend evenings.

As expected, Fable 3-demonstiates that the: majority of energy use (76-88%) occurs for all space types
during the weékdays, with 55-85% of total-energy use occurring during the day. Likewise, the majority of energy -
waste (between 70-87%) occuis during the weekdays, not on the weekends. For all space ty;ﬁes except restroots,
the majority energy waste also occurs during the daytime (53-70%) rather than in the evenings. This indicates that
occupanits controlled their lighting pool’rly during the workday, but were more diligent about tumning the lights off
after hours and over weekends. This is particularly true for personal spaces such as private offices, where occupants
feel a high degree of control over their lighting, and less true in common area spaces, such as classrooms and
restrooms, where a high percentages of waste occurred over weekends and afterhours. This indicates that time-
based controls (timers, timeclocks) could eliminate a significant amount of energy waste in comnion areas by
controlling runaway operation after hours and on weekends, however occupancy-based controls would be more

effective given they save not only after hotrs but also at capturing savings during business hours.

Coincidence of savings with peak demand

Central to defining the economic benefits of occupancy sensors is understanding when the savings

opportunities occur. Most commercial and industrial facilities pay a considerable portion {(as high as 40%) of their
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electric enérgy bill for the peak demand created by-the electric loads. Lighting is the second largest contributor to
summer peak demand in commercial facilities, and rivals heating as the largest contributor to a commercial

building’s winter peak. As such, reductions in lighting demand can significantly impact the energy bill.

Occupancy sensors have been criticized in their ability to reduce this peak demand, saving cheaper
kilowatis in the utility’s off-peak billing hours rather than during the peak demand billing period. Although the
value of this savings is highly deperident on how the utility billing rate is structured (fime-of-use, annnal peak,
ratchetéd, etc); it is useful to examine when'the potential savings oceur to understand how occupancy sensors may
contribute to reducing a building’s'peak demand, and reducing demand during peak-utility periods. To evaluate this,
Figures 1-5 illustrate the tiie of day profiles for when the spaces were lighted and occupied, and lighted and

unoccupied for all weekdays..

Figures 1-5 indicate that the control’s largest contributions to potential savings are not coincident with 2
building’s peak occupancy. This is intuitive; when occupancy rises,.occupancy-based savings opportunities
diminishes. Although the majority of energy savings from sensors occur during weekdays, the.sensors largest -
contribution to savings (with the exception of conference rooms and offices) is generally not coincident with a
building’s peak load (10 a.m. to 4 p.m.) or with a utility’s peak-billing periods (early. afternoon hours). This would
indicate that while sensors can reduce a buildings peak load, they may not be a reliable method-of achieving of peak

savings due to the diversity of savings profiles observed among these different space types.
Findings ~ Occupancy Sensor Simulations
Impact of time-out period on energy savings

Most occupancy sensors are equipped with a variable time delay feature to adjust the time interval between
the last detected motion and the switching off of the lamps. This allows the sensor to be customized to the
application to reduce the chance of lamps switching off when a room is occupied but minor motions are not
detected. Adjusting the time delay creates a tradeoff between saving energy and avoiding occupant complaints.

Longer time delays reduce the incidence of occupant complaints. Shorter time delays increase energy savings
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(particularly in rooms that are infrequently and briefly occupied), but-also reduces lamp life from more frequent.

lamp cycling. Manufacturers report time delay setting ranging from several seconds to more than 30 minutes. .

To examine the impact of time delay-on energy savings, control scenarios for:5-;.10-,.15<, and 20-minute
time delays were miodeled for each application. - Statistical aqalyses were also conductedto investibgate the»imp‘act‘ of .
time of day, time of week, and timeout setting on energy-use.. Note that the impact of frequent: sthchmg on lamp
and mamtenancc costs for these same control scenanos are ‘evaluated in an:associated paper, The, Eﬂecfs of Changes g

Occupancy Sensor Timeout Setting on Energy, Savzngs Lamp Cycling,:and. Mamtenance Costs.;

Sta‘ti(:stica‘]v‘;‘r:x'aly‘sis Findings

As discussed in the “Methodology™ secti&.;, statis;tical analyses c‘>f the énergy \ise data \‘Nél‘; ;onducted té )
mvestlgate whether there were sxgmﬁcant differences between the energy use for Stht (day or mght), time of weelc
(weckday or weekend) and timeout settmg, or any mteracuons between Shlﬁ and tuneout settmgs and time of week
and timeout settings. The energy use data for each Shift were compared {o the baseline and the timeout settmgs for

one analysis. A second analysis compared the weekday and weekend data for a 24-hour perxod to the basehne and

the timeout settings.

The statistical analyses addressed the following questions:
»  Isthere a significant energy use difference between the shifts for the total monitoring period?
e Is there a significant energy use difference between the baseline and each timeout setting?

e Is thete a significant energy use difference between weekdays and weekends?

Shift verses tineout settings

There were no significant interactions between the energy use for each shift and for the timeout settings for
the break rooms or for the classrooms. For both applications, differences between the main effects (Shifts 1 and 2)
were significant (p < 0.01 for the break rooms, and p < 0.001 for the classrooms). Differences between the timeout

setting main effects were also significant for both of these applications (p < 0.01 for the break rooms, and p < 0.01
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for the classrooms). Figures 6-through 9 illustrate the results of the main effects tests for the break rooms and:

e

classrooms, respectively.

Significant interactions occurred between energy use for each shift and timeout settings for the conference
rooms (p< 0.05), private offices (p < 0.001), and restroomss (p < 0.01). Follow-up tgsts.illusﬁated that differences.
between the shifts at each timeout setting and the baseline condition were all significant (p < 0.001) for all three:
applications. Différences between the baseline condition and each timeout setting were-all significant for Shift 1 for
all three applications (p < 0.001): Differences between the baseline condition and each tjmebut‘setﬁng also were .
significant for Shift 2 for all three applications (the conference rooms and private offices [p < 0.01] and restrooms

[p<0.001]). Figures 10 through 12 illustrate the results of the follow-up tests with the 95% confidence iﬁtervals.

Figures 6 through 12 illustrate that more energy is used during the day than at night, which would be
expected of these types’ of appiicatibns. They also show that insﬁailing occupancy sensors decreases baseline enérgy
use, and that energy use increases és the timeout setting increases because lights remain oh for longer periods of

fime.

Time of week verses timeout settings

There were significant interactions between the energy use for time of week and timeout settings for all five
applications (p < 0.05 for the break rooms and p < 0.001 for the classroomé, conference rooms, pfivate offices, and
restrooms). Follow-up tests illusuéted that differences between the energyvuse values for the weekdays and
weekends at each timeout setting and the bascline were significant for all of the applications (p < 0.01 for the break
rooms, and p < 0.001 for the classrooms, conference rooms, private offices, and restrooms). Differences between the
energy use values for the baseline and each timeout setting for the weekdays also were signiﬁczmt for each
applicétion (p < 0.01 for the break rooms and classrooms, and p < 0.001 for the conference rooms, private offices,
and restrooms). Differences between the energy use values for the baseline and each timeout sefting for the
weekends were not significant for the break rooms, classrooms, and conference rooms. Howcvér, these differences
were significant for the private offices (p < 0.03) and restrooms (p < 0.001). These résults are illustrated in Figures

13 through 17.
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The two main points that can be taken: away from this analysis are:
o the differences between the energy use for each timeout setting and the baseline for each application were
-all significant for each shift. This indicates that energy savings can be achieved during-the day and.at night.-
using ‘occupancy sensors:
s the differences between the enigrgy use for-each timeout setting and the baseline for é4ch application were
all:significant for the weekdays, but varied by-application for the weekends. This indicates thatenergy:. ..
savings‘¢an be achieved during thie week for all applications, and-during the weekend for private ofﬁces.t et
and restrooms.
Effects of Timie Delay on Eiergy and Cost Savings

Ag démonstrated in Table 4, the savings estimates were considerable across all space types (ranging from -
17-60%), and consistent with the ranges of industry estimates provided in Table 1. Table 4 illustrates that both
application’ and time delay selection significanitly impacts the quantity of available savings. ¥or this data set;. - -
restrooms showed the highest overall savings, followed by classrooms, conference rooms, and private offices: Break-
rooms showed the lowest overall savings. The range of savings between the shortest and longest time out setting
varied with application as well bécause of the occupancy pattern differences among the applications. Classfoo.ms.
had the smallest savings difference between the 5- and 20-minute time out settings.(6%) and restrooms had.the

largest difference (13%).

Figures 18-22 illustrate the load profiles for the baseline energy use and modeled energy use under 5 and
20 mitute simulated delay conditions. These figures graphically depict the differences found in the energy savings
captured hetween the longest and shortest time delays. These figures also confirm the observations found from the
baseline occupancy and lighting conditions depicted in Figures 1-5; although the majority of energy savings from
sensors occur during weekdays, the sensors largest contribution to savings (with the exception of conference rooms
and offices) is generally not coincident with a building’s peak load or with a utility’s peak billing periods. This
suggests that while sensors can reduce a buildings peak load, sensors may not be a reliable method of achieving

peak savings in buildings with a diversity of space types.
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Conclusions/Recommendations for Futore Work

People do not occupy spaces for a large percentage of time, and are not diligent about controlling the
lighting in their spaces Eoth during the workday, and after hours and weekends. This applies to both public spaces as
well as personal s;;aces. The roajority of this energy waste o;;curs during the weekdays, not during the weeknights
or over the weekends. This pattern of energy waste is particularly suited to control by occupancy sensors, which not
only prevent runaway-dperation after typical businéss hours; but also capture savings during the business day.
Although the'majority of observed savings opportunities eccurred dur-ing the weekday, the peak savings
contributions from occupancy sensors for several space types did not fall within the typical peak utility billing
periods (early afternoon) or peak commercial building demand periods (10 a.m. to 4 p.m.). This suggests that while
sensors may help to save expensive kilowatt-hours, they would have a variable effect at reducing a building’s peak .,
demand, given their variable performance in when they provide high levels of savings among the various space
types. This would be a useful topic of additional research, where assigning specific kilowatt-hour rates to each
kilowatt-hour saved would yield more accurate indication of the economic benefits of installing sensors within these
various space types.

Finally, modeling control scenarios with 5- to 20-minute time delay periods indicated savings potentials
that were within the ranges suggested by the industry estimates. The time delay settings used for these analyses
showed that energy savings can range from between 6% and 13% depending on the application and on which time
out setting is used. In addition, the highest savings were obtained in the restrooin application (47% to 60%), and the
lowest in the break rooms (17% to 29%). Thus, the time delay selection can greatly impact energy savings.
Although these savings are significant they do not consider the increased maintenance lamp and labor replacement
costs that could result due to more frequent lamp switching. This is evaluated in a related paper entitled The Effects

of Changes Occupancy Sensor Timeout Setting on Energy Savings, Lamp Cycling, and Maintenance Costs.
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Table 1. Industry estimates of potential energy savings for occupancy sensors (in %)

Space type CEC Esource ’EPRI Novitas Watt

Stopper

Private office 25-50 13-50 40-55 15-70

Open office 20-25  20-28 30-35 5-25

Classroom - 4046 3040 10475

Conference 45«65 22-65 | 45-65 20-65

Restroom 30-75  30-90 | 45-65 30-7’5 )

Warehouses 50-75 - 70-9b 50-75 :

Storage 45-65  45-80 - 45:65 ;.

Table 2. Average percentage of time each application was occupied with lights on and off, and unoccupied with

lights on.

Okccupied with lights on Occupied with lights off Unb‘ccu'piéd'with' lights on

Day N igilt Total Day Night Total Day . Nigh‘f Tot:al
Broakroom  36% % 21% 4% 2% 3% 7% 1% 14%
Classroom 22% 3% 13% 4% 2% 3% 20% 17% 19%
Conference 16% 2% 9% 4% 1% 2% 5% 7% 11%
Private office  32% 2% 17% 1% 1% 1% 23% 9% 16%
Restroom 32% 7% 19% 1% 1% 1% 4%  51% 48%
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Table 3. Percentage of energy use and waste for weekdays, weekends, and for the total monitoring period for each

ap_pﬁcationh
Energy Use (%)
Weekdays  Weekends A Total inoxgi:'tofing period
Day  Night Total Day  Night Total Day lsiight Total
Breakroom T T T S 7R A T VR T
Classtoom 5% 26% 8% 1% 7% 18% 6% 3% 100%
C”fb}iféi»énée' 5% 19% 8% 1% 6% 1 6% 2 o0
Private ogﬁcg',;m% 12% 86% S 3% 14% 8%  15%
ﬁggfroom - 43% 33% 76% 12% 0 12% 1 24% 55% 45%
— - ”:Eiiner‘gy T s »
Weekdays » Weekends Total uionitt)'ri‘hgv.lg;,;;r;i_pé y
Day Night ~ Total  Day  Night Total i Day  Night T’Qt_a;
Breakroom 0% 2 0% 1% % S o S To0n
Classroom  40% 36% 6%  13% 11% 24%  53% 47% 100%
Conference  55% 24% 80%  12% 9% 20% 67% 33% 100%
Private office  67% 2% 87% 8% 5% 13% 75% 25% 100%

Restroom 29% 41% 70% 14% 16% 30% 42% 58% 100%
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Table 4. The effects of time delay on energy and cost savings for the total monitoring period.

< 9 s £ e s £ @ S
582 3 8§ B3E 3 8. F SE 5 §_
2 ga 2@ 3T 823 g z= 2 38 g 3
o > o s ¢ > 8 a g @ > a o Ton
28° 5 8 2837 5 g EN A 5 2
S =3 @ [T = @ ] >y I3 09
T E B T D E 3 .- £ 3
o Q Py 23 g [ < =3 [o Q@ ey -1
S i E &a E R i -
i by - = L £
Break b
Room. Day . Night Total o
Baseline 553 -— 161.48 - 167 - 4876 - 720 —  21024" -
5-minute 4.33 22% 126.44 35.04 078 53% 2278 2599 511 20% 149.21. 61.03
10-minute 4.64 16% 13549 2599 089 47% 2599 2278 553 23% 16148 48.76
15mintte 4.83 13% 141.04 2044 097 42% 2832 2044 580. 19% 169.36 40.88
20-minute 4.97 10% 14512 1635 1.03 38%  30.08 18.69 6.00 17% 17520 35.04
Classfoom - © Day Night Total
Baseline 11.37 — 33200 - 584 -— 17053 - 1721 -~ 50253 -
5-minute 6.21 45% 181.33 150.67 0.94 84%  27.45 143.08 7.15 58% 208.78 293.75
10-minute .60 42% 192.72 139:28 1.03 82% 30.08 14045 7.63 56% 222.80 279.74
15-minute 6.88 39% 200.90 13111 1.11 81% 3241 138.12 7.89 54% 233.31 269.22
20-minute 7.12 37% 207.90 124.10 1.18 80%  34.46 136.07 8.30 52% 242.36 260.17
Conference
room’ Day Night Total
Baseline 3.09 - 9023 - 099 - 2891 - 408 — 11914 -
5-minute 1.76 43%  51.39 38.84 027 73% 7.88 2102 203 50% 5928 59.86
10-minute 1.91 38%  55.77 34.46 0.31 69% 0.05 19.86 222 46%  64.82 54.31
15--minute 2.02 35% 58.98 31.24 0.35 65% 10.22 18.69 2~37 42% 69.20 49.93
20-minute 2.11 32%  61.61 2862 038 62% 1110 17.81 249 39% 7271 46.43
Private
office Day Night Total
Baseline 2.83 - 8264 - 0.51 - 1489 - 334 - 97.53 -
5-minute 1.92 32%  56.06 26.57 0.14 73% 409 10.80 2.06 38%  60.15 37.38
10-minute 2.05 28%  59.86 22.78 0.16 69% 4.67 1022 221 34% 6453 33.00
15-minute 2.14 24% 6249 20,15 017 67% 496 9.93 231 31%  67.45 30.08
20-minute 2.21 22% 64.53 18.10 018 65% 526 964 239 28% 6979 27.74
Restroom Day Night Total .
Baseline 3.10 -~ 9052 - 250 — 7300 - 580 - 16352 -
5-minute 1.83 41% 5344 37.08 0.42 83% 1226 60.74 225 60%  65.70 97.82
10-minute 2.04 34% 5957 3095 052 79% 1518 57.82 256 54% 7475 88.77
15-minute 2.19 29%  63.95 26.57 0.60 76% 17.52 5548 279 50%  81.47 82.05
20-minute 229 26%  66.87 23.65 0.68 73% 19.86 53.14 2.97 47%  86.72 76.80
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Figure 1. Break room average hourly lighting condition profile for the percentage of time when spaces were lighted

during occupied and unoccupied periods for the weekdays.
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Figure 2. Classroom average hourly lighting condition profile for the percentage of time when spaces were lighted

during occupied and unoccupied periods for the weekdays.
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Figure 3. Conference room average hourly lighting condition profile for the percentage of time when spaces were
lighted during occupied and unoccupied periods for the weekdays.
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Figure 4. Private office average hourly lighting condition profile for the percentage of time when
lighted during occupied and unoccupied periods for the weekdays.

IES Paper #43 18

spaces were

08/16/00




100%

BO% 1
—— Weekday, Lit and Qccupied

70% - # - Weekday, Lit and UnOQccupled )

o 8. .-
o b » ”
60% - ar-—y " "o - g L

50%

Total time

40%

30%

20%

10%

t 1 ¥ T t 1 t

17 18 19 20024 22 23 24

0%

6 7 8 §710 1 12 13 1479516
Time of day

Figure 5. Restroom average hourly lighting condition pr'o':ﬁle'for the percen‘tﬁge of time when spaces were lighted
during occupied and unoccupied periods for the weekdays.
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Figure 6. Break room main effects, Shift 1 and Shift 2 comparisons.

IES Paper #43 19 08/16/00



100

90

70 1
44.20

—
S
%
=
3
12}
3
>
=3
=
]
[
i1}

38,11
37.01

Baseline 5-min 10-min
Timeout settings

15-min 20-min

Figure 7. Break room main effects; baseline and timeout setting compatisons.
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Figure 8. Class room main effects, Shift 1 and Shift 2 comparisons.
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Figure 11. Private office post hoc comparisons for each shift for the baseline and each timeout setting with the 95%
confidence intervals. ‘
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Figure 12. Restroom post hoc comparisons for each shift for the baseline and each timeout setting with the 95%
confidence intervals -
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Figure 13. Break room post hoc comparisons for weekdays and weekends for the baseline and each timeout setting

with the 95% confidence intervals.
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Figure 14. Classroom post hoc comparisons for weekdays and weekends for the baseline and each timeout setting

with the 95% confidence intervals.
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Figure 15. Conference room post hoc comparisons for weekdays and weekends for the baselme and each timeout
setting with the 95% confidence intervals.
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Figure 16. Private office post hoc comparisons for weekdays and weekends for the baseline and each timeout setting
with the 95% confidence intervals.
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Figure 17. Restroom post hoc comparisons for weekdays and weekends for the baseline and each timeout setting
with the 95% confidence intervals. .
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Figures 18. Break room weekday load profiles for the baseline and for the shortest and longest time delay Settings.
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Figures 19. Class room weekday load profiles for the baseline and for the shortest and longest time delay settings.
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Figures 20. Conference room weekday load profiles for the baseline and for the shortest and longest time delay

settings.
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Figures 21. Private office weekday load profiles for the baseline and for the shortest and longest time delay settings.
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Figures 22. Restroom weekday load profiles for the baseline and for the shortest and longest time delay settings.
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OCCUPANCY SENSORS

abuilding’s energy use, oF about 17% of total annu‘al‘-'U‘S“'e’fécfnciiy
consumption. Simply tummg off upneeded}lgi‘éhijs.,cqn reduce direct
lighting energy ¢6nsumption up to 45%. R‘ezciil_ij" ‘
lighting elécf'riéffy usage reduces your energy éos‘i’dr;id

lessens the environmental impacts associated. with

'ﬁldc‘e is the light switch. Lighting qgcdﬁnts-'f&igqxb £ O%of :

eleciricity generation.

In this report, we discuss one approdach to reducing |

office lighting efergy consumption: occupancy sehs_or;. A

ne of the most overlooked energyssaving tools in the work

These are inexpensive and effective devices that ¢an quickly and

easily be installed on a wall or ceiling. A list of features to look for

when you shop for these devices is included. We have gathered

information from the major sensor manufaciurers and identified a

number of devices that sdtisfy these criteria. We-also explore other

options for turning off unused lights and other equipment.

3

Making Sense of Sensors

Occupancy or motion sensors
are devices that turn lights 4nd

other
equipment on
or off in
response to the
presence {or
absence) of
peoplé ina
defined area.
Some sensors
also control |
lighting based
on the amoumt
of daylight
available in

A complete
sensor unit

consists of a

_motion sensor,

. an electronic

control unit,
and a

controllable

switch/relay .

their coverage arda. Most available
sensors are designed to function
independently or in parallel with
other sensors for large areas.

Originally developed for use
with security systems, eccupancy
sensors have been refined and
enhanced to contro] lighting and
HVAC in commercial and: '
residential spaces. More
sophisticated sensor units now
offer users a variety of adjustment
capabilities; manufacturers have

Jy"(ébyntmuéd oni pa‘gjevé’




Making Sense of Sensors
continued from page 1

also introduced sensors that can
be integrated into a building’s

automation and control system:

Sensors have become more
widely used in the last five years
as the devices have become more
reliable and as building auto-
mation and energy savings have
become mere prominent. Where
there are utility rebates available,
sensors can pay for themselves in
s th_an one year, but most pay
elves in two to three
. years w:zthout rebates:

Uniits are. évaﬂable in wall-
inounted switch configuration for
< usein offices or other small areas
" and ih ceiling- and wall-mounted
conﬁguratxons for large, open
sa&. There are also sensors
specifically designed for
bathrooms, stairwells and
hallways.

Although they are commonly
referred to as “sensors”, a

complete sensor unit consists of a -

motion sensor, an electronic
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savings. At an esfimated 506
KWh, the annual savings \
more sensors: The chart belc

hecdquorters

Area typé
Locker room
Large work room
. Rest room.

File room

Small work room
Corridors

Small offices

an you really save will sensers?
Here's.an example In Green Seal’s building, lights are left
he bathiooms on'svéry losr for 24 hours a day. If sensors were
installed, the onime would be reduced by at least 12 hours, a 50%
jts per bathroom and 5 éents per

to be $219, or enough to buy 7
shows the possible reducfion in onime
gathered by MyTech Corp. in a:survey of a large corporcte

% Reduction

65
55
50
45
40
25
22

control unit, and a controllable
switch/relay. Some units also
incorporate an optional daylight
{or light level) sensor. The motion
detector senses motion and
determines the occupancy status of
an area. It also has a timer whith
signals the electronic control unit

after a set périod of inactivity. The -

control unit uses:the signal’ from'
the sensor unit and other inputs,
{for éxarmple, input from a light
level sensor), as the basis on which
to activate the switch/relay to turn
on or off the lights and/or other

equipment.

Where Should
Sensors Sense?

Generally, the most effective
areas for sensors are areas that
are not frequently used, areas with
irregular use patterns or areas
where lights are inadvertently left
om, e.g., conference rooms or

reading
TOOImS.
Other
targets include places where users
are not often in control of the
lighting/equipment or where the
controls are not visible, such as
copier rooms, bathrooms or
storage areas. In.commercial
settings, 1ndmdual offices, hotel
and office conference rooms,
library stacks, warehouses store

rooms and hathrooms tend to have .

the most unoccupxed periods. The
lights in these spaces are-also
more likely to be left on overnight.-

To identify other potential areas
for sensors, start where lights are
often on, but where there is no
continuous or permanent user.
presence. A rule of thumb is that
areas with incandescent lighting
usually yield more significant
reductions and a faster payback.




What Kind of Sensors
Should You Use?

Device sensitivity/aceuracy and
capability for multiple adjustments
are the two most important char-
acteristics to look for in a sensor.
Selection should be a function of
the type of activity(ies) in the
sensing area. Distinet types of mo-
tion that occupancy-sensoxs typi-
cally key on are: desktop-type mo-
tion such as:page Mirning or movse
and keyboard motien, torso;motion
such as.reaching for objects, and
whole body-type motion, such-as.
walking. Depending on type and

sensitivity set-

ting, sensors Selection
can also . should be a
respond to [
false signals Junction of
{or “false the type.of
triggeﬁng”)v activities in
such as air

movements the sensing
from HVAC area.
vexts, or mo- ;
tion on the

desktop dueto

HVAC flows, 'or the
movement of warm
air in front of a.

sunny “window: - &

Keep in mind that studies have
shown that lighting conirols work
only when they are appropnate ,
and unobtrusive: Occupants have
disabled or defeated lighting
controls when they interfered with
their daily routine, and there are’
specific areas such as hallways or
stairs that'should not be controlled"
by sensors. '

‘@ Infrared or Passive Infrared
(PIR)

These sensors are tuned to
detect infrared radiation (heat)
from humans. A lens divides its
coverage areas inte pie-shaped
segments and positive detection
occurs when the sensor “sees”
the motion of infrared radiation
from one wedge to the next. IR

because they only detect
radiation.

Advaniages: highly resistant
to false triggering, quite
inexpensive, do.not emit
ultrasound or microwaves.

But: they are strictly line-of-
sight devices, cannot “see” over
partitions; range for small
motion is dependent on the lens’

the lens requires larger
movements in order to register
occupancy.

Recommendations: an
excellent choice for areas with
litle or no obstructions, like
library stacks, hallways and
smaller offices and conference
rooms.

Available Types of Sensor Técimologie

devices are considered “passive”

focal length. At longer distances,

m Ultrasonic or Ultra Sound ="

(us)

These sensors contain both an
ultrasound generator and re-
ceiver. The ultrasound generator
emits sound waves and any
motion towards or away from
the sensor causes a change in
the reflected. frequency.

Adpantages: sensitive to
almost all types of motion, no
coverage gaps, and can detect
movementis that are not in their
Hine-of sight.

But: they tend to be more
expensive than PIR sensors; and
are more prone-{o false signals;
obstructions can reduce their
effectiveness. Care must be
taken to avoid overlapping
sensors. There bave been
reports that sensors operating in
the 25 to 27 kHz range may
interfere with hearing aids.

Recommendations: an excel-
lent choice for larger areas, open
offices, hallways, conference
rooms, bathrooms and unusually
shaped areas.

W Microwave

These sensors contains both a
microwave generator and re-
ceiver. Sensors emit microwaves
and detect moverents through,
changes in the reflected fre-
quency (most automatic door
openers are microwave-operated).

Advantages: quite sensitive
and usually haye good coverage.

But: very little data currently
exist on their reliability or
operating cost.

Recommendations: specialized
applications only.

® Audio
These sensors contain a -
microphone that “listens” for
sounds made by occupanté or
operating equipment.
Advantages: can be activated
by voice, fairly inexpensive, do
not emit sound or microwaves;
they are not defeated by partitions.
But: they may: mistake externa.l
sounds such as door (‘losmg,
people walking, or even phone
ringing as signs of occupancy.
Recommendations: a good
choice in unusually shaped areas.

Choose Green Report
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Choosing Sensors
For most average-sized offices,

wall switchftype PIR or US sensors

will perform
well. How‘evé'r, Sensors must
caré should be .
taken in cases have an
of unuisual indicator
shaped rooms 1o alert
where the
sw1tch location - occupants

| when they.are .

shaped room,

for example);
especially

where the

sensor can be
easily obscured.
For larger spaces

.senso

such as an open office area,
conference rooms or library
stacks, wall or ceiling mounted
PIR, ultrasonic or combination

sensors should be considered, and
more than one sensor unit may be

necessary. The sensor/switches

combinations generally offer better
coverage areas as well as-ability to

handle larger electrical loads.
Use the criteria below to select

s, For use in small

'du offices, the coverage

-as important as the

jirements.

% Compatibility:
Wall switch sen-
sors and control

to switch
electronically-
hallasted

units must be able

fluorescent lamps, (If you plan to’
upgrade or-install bmldmg
automation in the near future, look
for sensors with outputs that are
compatible with building
autommation systems).

® Daylight-Level Equipped.
Sensors: Daylight or light level
equipped sensors shoild offer -
users-override capa.hxhtles

| Failure Mode: Sensors must
be‘désigned so that the equipment -
they control remains on i tase of:
sensorfailare. - ‘ S

o Indicators: Sensors must be
equipped with an audio or visual
indicator to alert occupants when-

. eyersensors are;on, and proyide

warning prior to switching off.
continued on page 6

® Hybrid or Combination
Sensots

Units combine two or more
technologies to minimize false
detection, usually PIR and
ultrasonic, or PIR and audio.

proof, allowing wide coverage
and applications.
But: they can be more expen-

and may requlre more adjust-

than one sensing unit.
Recommendations: a good

areas with unusual occupancy

W Integrated Daylight Sensors

A combination of PIR or
ultrasonic sensors with a light-
level sensor.

Advantages: can be very fool-

sive {for small area applications), -

ments since sensors contain more

choice for large open areas and

patterns or work requirements.

Advantages: can be wired to a
dimming circuit to control room

Available Types of Sensor Products

lighting based on available light
and occupancy.

But: they can be difficult to
adjust and reguire a dimming
ballast or special wiring.

Recommendations: good for
areas that receive large amounts
of daylight.

® Wall Switch Sensors
APIR, ultrasonic or
combination/hybrid sensor and
control circuitry packaged into
one unit, sized to fitin a
standard wall box.
Advantages: small,
inexpensive and easy to install.
But: their range can be
limited, and depending on the
location of the switch, they can
easily be obscured.
Recommendations: good for
smaller meeting rooms,
individual offices and store
rooms.

B ‘Wall or Ceiling-Mounted <
Sensors
PIR, ultrasonic or hybrid
sensors designed to be mounted
separately from the control
unit(s), usually in high locations.
Advantages: can cover wide
areas effectively; switching'units
can control a variety of efiiproent.
But: they tend to be more expen-
sive and often necessitate rewiring,
Recommendations: a good
choice for large areas.

B Specialized Sensors

PIR or ultrasonic sensors
designed specifically for
bathiooms, hallways and
stairwells.

Advantages: specifically
designed for these spaces.

But: rewiring may be necessary
if certain lights need to'stay on.-

Recommenda;ior’zs. excellent
for these areas.

Choose Green Report




Recozrmemled Pmdzwzs

Bcsed on manufacturers’ prowded forma nd the criteria hsfe above Green Seol seleded ihe followmg
products as “Green buys.” These weré selected soiely on information provided to Green Sedl by their - :

manufaciurers. Green Seal has nottested or otherwise verified fhese clmms

COV.AREA  WARRANTY (IST PRIGE* -

COMBANY. MODEL # TECH isam) (rRS). . ()
SMALL AREA WALL SWITCHES l ‘ -
“MyTech Corp P2 PIR 900 5 7
512:450.1100 o g
Novnlcs lnc v ‘0‘1’-200 ' PIR - . 300 5 B 5700
310-568-9600 ' Cl
Sensor-Switch WSDx PIR 800 5 ‘ 4760
2032652842 ‘ S
Technology Design - LO300WS us 800 3 55.00
Center, inc. -

610539-4210

Unencs SOM-500 PIR 1000 5

510337-1000 ' ;

The WattStopper Wx277 PIR 900 5

408-988-5331

LARGE AREA WALL SWITCHES AND SENSORS

Leviton MFG 6775x PIR 2700 5 ‘ + 92.00

800-323-8920
- Novitas, hic. 01083 us . 2100 L5 s 122.00

310-568-9600

MyTech Corp. LAS-2200SF us 2200 5 N/A

512-450-1100 A

Sensor Switch WV-PDT PIR 2000 5 7700 °

203-265-2842

Unenco C-500-2000 us 2000 5 99.00

510-337-1000

The WaltStopper W-2000x us 2000 5 100.00

408.988.5331

* For large areéa sensors, sensor prices may not include price of switching units.

© 1997, Green Seal, Inc. Use of this chart for commercial purposes is prohibited. Information in this table was
confirmed by the manufacturer.

Choase Green Report

5



M Manual Controls: Look for
wall switches with manual control
capabilities.

M Minimum Load: Sensors must

be rated for120; 240 or 277% yolts.

operation, and have a muinimum -
load rating of 600 W @ 120V, or
1200 W @ 277 V.

W Timer
Settings: Look
for an
adjustable time
delay period.
At a minimum,
the unit should
have time
delay periods
from 30
seconds
to 15
minutes.

Look for o
sensor with
an a'djustable

time delay

period.

- Coverage for Large Areas

SENSOR TYPICAL MOUNTING - MINIMUM
TYPE/CATEGORY HEIGHT (ft) . . COVERAGE AREA ()
‘Wall Switches 300
Wall Mount 900
Cé‘i'ﬁngv;‘[\vAount 8 to 10 ]500
Hallway | 810 10 100 linear &
Combination - Wall 81010 1200
Mount e
. Combination - Ceiling 816 10 1800
Mount
MW Warranty: Look for a repair Other Thjngs to

or replacement warranty covering
a minimum period of three years
after installation.

B Coverage: For applications
other than small, individual
offices, bathrooms or store rooms,
you should look for the coverage in
the chart above.

Consider

Your savings will vary
depending on the area size, type of
lighting and occupancy pattern.
Manufacturers claim thatin some
applications, savings can approach
75%. The California Energy
Commission estimates that typical
savings range from 35% to 45%.

continued or page 7

SUCCESS STORY

(From Lighting Management &
Maintenance, February 1996 —
Reprinted with anthor’s
permission)

In 1991, the State of Connecticut
began an energy-efficiency
program for state-owned office
buildings in partnership with
Northeast Utilities. One of the
buildings selected for this program
was #55 Elm St. in Hartford. This
188,000 square foot building
houses the offices of the State’s
Attorney General, Treasurer and
Comptroller. About 2/3 of the
building is open office space and

Choose Green Report

its lights often stayed on for 14 to
16 hours a day, shut off only when
the building was totally empty.

The State used a contractor to
outfit the building with hybrid
occupancy sensors {dual
technology PIR/microphonic). The
installation was carried out over a
six-week period. All lights not
intended for 24 hour use were
wired to be controlled by
occupancy sensors. Because of the
building’s open space, sensors
were selected over other control
methods such as computer-control
or timed systems.

With a reported annual savings
of $24,000 in direct electricity
cost, the project paid for its
$51,000 cost in just over two
years. Just as important is the fact
that the sensors were readily
accepted by the building’s
occupants — high level lawyers
and executives — without ’
complaints.

For more information, contact
the Connecticut Department of
Public Works.




Other Things to Consider
continued from page 6

However, savings can be
achieved without the use of
sensors. If the occupancy pattern
in an area is regular and
predictable, a more effective
choice is a timer system to turn
lights and other equipment on and
off at predetermined times. Also,
the installation of sensors may not

provide a payback if extensive
rewiring is required. In
this case, more effective
‘conservation may
come from lighting
retrofits or other
conservation
measures,

Two important
issues in the use of

sensors with

fluorescent lamps

are ballast compatibility and

the possibility of reduced lamp life.
While all switching units are
compatible with incandescent
loads, some iinits afé Bot”
compatible with electronic ballasts
— check with manufacturers about
the particular model(s) you have
selected. Regarding reduced lamp
life, the issue is not so clear-cut.
Under most applications, the
switching actions are long enough
{>15 mirtes) so that this is not a
serious issue, But under certain
situations, the useful life of.
compact fluorescent lamps and
certain lamp-ballast combinations
can be shortened by frequent on-
off cycles.

Other Resources

California Energy Commission
916-654-5200

Lighting Research Center/RP]
518-276-8716

Rocky Mountain Institute/E
Source 303 440-8500

Us EPA Green Lights Program
202-775-6650

O"he development of total building control systems may,
affect your installation of sensors. These computerized
systems use sensors and actuators to monitor enfire
buildings and regulate their lighting, HVAC and other equipment.
Standardized software and control/sensor modules are now being
developed for use with these control systems. I your building is
scheduled for automation; it may be necessary to use sensors that
can be integrated info the propésed system. Additionally, the up-
coming revision of ASHRAE standard 90.1, which will incldde
requirements for building lighting and equipment controls, will affect

new and retrofit buildings.

ANNOUNCEMENT

Trane Chillers Earn
the Green Seal of
Approval

Green Seal has certified the

EartheWise™ CenTraVac® chillers,

ayailable:in 300-1400 tons.
capacmy, made by The Trane
Company These electric-chillers
are the first to
receive the
Green Seal of
Approval.
They are
among the
most energy
efficient
chillers on the :
market taday, offering
considerable savings'on cooling
bills, and reducing the air and
water pollution associated with
extracting and burning fossil
fuels for electricity. Chillers, or
chilled-water air-conditioning
systems, typically handle cooling
tasks in large commeércial and
industrial buildings.

To earn the Green Seal, these
EartheWise™ CenTraVac® chillers

had to meet Green Seal’s rigorous

environmental standard for
electric chillers. Central to the
standard are requirements for
high energy efficiency levels and
minimal ozone depletor releases.
The EartheWise™ CenTraVac®

- chillers, with their low leakage. ..
" rates and hlgh energy efficiency,
. offer Iarge comrner(;lal and -

" industrial bmldlngs
significant savings
* i their. coolmg
s bills = up.te's
10% annually.
Green Seal
pmJects that
ifthe "
Eartheise™
CenTraVac®
chillers
were used
‘widely, the
aniiual
reduction
“electricity
use would
~ bethe
equivalent of
removing
200,000-300,000 cars from the
road every year.

Choose Green Report
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ANSWERS TO YOUR QUESTIO:N‘S

standards' 0
category ‘basis. A
envh‘onmentall

"to mcorporate advances in
' technology and industry practices.
- Certified products are momtored
annually to ensure continued
" compliance with Green Seal
. standards.

WhoA__g_a

for comment aniong maniifdc: Environmental

turers, trade assocxgtmns 0 P&I’tn ers?

envxronmental and( nsumer

group$, government officials and ~~ Green Seal’s Environmental

the public at large. Followmg a Partners ate businesses,

formal réview of comments, Green government agencies and other
Seal publishes the final standards organizations that have committed

to takmg product specific
environmental impacts into
account when making their
purcha.smg de(‘xslons Green Seal
provides detailed, up- to -date
discussions of environmentally
responsible products and specific
sources for buylng them. The
Choose Green Reports show how
various products you buy may
damage the environment, what
products are better for your health
and the environment, and where
you can obtain them:’
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Occupancy Sensor
Design Guide
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Introduction

Overview of
process

Quick reference

tools.

as much as 40% of ab
electncal usage. When much

wasted energy. The Watt
Stopper occupancy: NS
offer a reliable

solution for lighting control o'
stop this waste.

This application and design
guide is intended to assist the
lighting professional in selecting, laying out, and specifying an occupancy-based lighting
control system. The guide includes an overview of general design considerations and occu-
pancy-based control principles, a quick: reference list, space-specific recommendations, and
buﬂd}gg7W1de application scenarios. Together, these tools will help you in defining and
implementing the optimal occupancy-based control solution for every type of building space.

Steps to implementing oécupancy-baserl control programs:

. Idenﬁfy’ whether occupancy sensing is the appropriate control strategy

« Select the appropriate occupancy sensor technology for each application
-evaluate space charactenshcs ~matchthe sensor technology to the application
~§¢lect sensor coverage pattern ~select sensor device features

» Choose the optimal mountmg ccnﬁgurauon

. Install and adjust the s sensor

-

For a quick overview.of the design process, this guide includes a flow chart that illustrates
the prmcxpal steps m’:: ,Iv Ld i developing and implementing an occupancy sensor applica-

tion. In addition, you'll find a quick reference list that offers critical design guidance in the

fofm‘of “do’ ” and “don’ts.” These are located on the next two pages of this guide.

The Watt Stopper's application experts are available for design support and
assistance during any phase of a lighting control project. They are ready to help
with occupancy sensor, lighting control panel, daylighting, or any lighting con-
trol design question. Call The Watt Stopper's technical support at 800/879-8585.

050.MJ.2 The Watt Stopper, Inc. * 2800 De La Cruz Blvd - Santa Clara, CA 95050 + (408) 988-5331 » (408) 988-5373 Fax + (800) 879-8585 Tech Support
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Design considerations in.occupancy-hased control

Yes

: comp

Is spaced used
mtenmttenuy? ‘Are lights

loft onvin unoccupied
 spaces? :

Yes. '

i

Are !here energy code.
remants

=z
4

~Are ceslmg hexghts
~Joss than 14 faa(?

Yy

Does space conlain . b
Ipartitions, large equipment#
or fumnure?

~Does space contam

- ‘partiions, large ¢
equxpmgnt or fumllure

No | Is there a small or more
specific area needed for 1

A4

Are thers d“eﬁ\nit,e' spaca - fEN
boundaries?

Would installation of
‘additional sensors justify 55
payback? gi

b

y. b4

is thera moving

mechanical -

equipment in
the space?

Is there a clear

Can‘owner choosa an ) )
line of sight to all areas?}

appropnate mounting .
location away
* fromair flow?

-x:,

7

No

C‘_ Ultrasonic

Other control strategie
are more appropriate,

»/Would you fike occupancy-

Other control strategies

based controls?

are more appropriate

e Y @G Jg
/ ‘\\_

Other control ska@
are more appropriate

\\/

Ye»——o@R
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Quick technical reference list

Designers and installers can use this general list of “Do’s and Don’ts” as a:quick reference

els, we recommend you review the spécific cut sheet for that model, located in this binder
under the “Products” tab.

E, }
AN

PR %ﬁ%
%’%%#n
Sy

The Watt Stopper, Inc. » 2800 De La Cruz Blvd. » Santa Clara, CA 95050 » (408) 988-5331 » (408) 988-5373 Fax » (800) 879-8585 Tech Support

tool in determining the correct sensor for an application. To evaluate individual sensor mod-
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Occupancy
patterns

‘and any code compliance issues

. appropriate control stmtegy Ideally, this

Selecting the control strategy

In developing a lighting control program, hghtmg professmnals must consmler 1mp0rtant
energy managernent factors:

e Is the company mterested in obtammg
energy savmgs? ‘

¢ Are there energy code comphance
requireinents for hghimg control?

Onie energy savirig goals are dariﬁed,
addressed, attention can turn to the

will be the strategy that best smts the
space under consxderauon So to determine
whether an occupancy based ntrol strat-
egy is the appropriate choice for & pﬁrtxcua
lar area, the pI‘O]eCt team’ must evaluate

the usage pattern of that ares: -

As a whole, the facil-
ity will likely employ
several control strale-
gies in various areas.
Certain usage patterns are particularly suited to occu-

pancy-based control. You can identify these situations quickly by determin-
ing the answers to these preliminary questions:

» ‘Are there periods of time when a building space (or portions of if) is unoccupied?
s Is energy being wasted due to lights being left on In unoccupied spaces?

¢ Do occupants or maintenance personnel leave the lights on after business hours?
* s the space intermittently used?

Yes?

If some or all of the answers to these questions ar_e“‘yes," occupancy. Sensors are a viable
coritrol option. Combining this control strategy with others, such as time scheduled or day-
lighting control, can maximize energy savings and reduce wasteful lighting.

Don’t Know? .
Hthe answers are “don’t know,” you may need to assess lighting use in order to answer
these questions by conducting a lighting audit.

H Audit tools sirch as The Watt Stopper’s InteliTimer Pro light logger can assist
you in identifying the energy saving poteritial of specific spaces.

If the answers are “no,” eccupancy-based control may not be the-appropriate solution for
your facility. Our technical support team can Help you 1dent1fy the thost effective Watt
Stopper control solution for your facility.

The Watt Stopper, Inc. + 2800 De La Cruz Blvd » Santa Clara, CA 95050 + (408) 988-5331 + (408) 988-5373 Fax « (800) 879-8585 Tech Support



Impoftant
factors

Evaluating space
characteristics

Selecting the proper accupancy sensor

Identifying the ideal occupancy sensor for a particular application involves the consideration
of several factors that are equally critical to an effective control solution. While project mem-
bers may be assessing these factors simultaneously, each is essential to the ultimate result:
Because different sensor technologies work best un'de"f di’ffe:éﬂt dircumstances, incorpo-
rating these factors into the decision making process‘will provide optimal results:

Evaluate space
characteristics

N

Match sensor
technology to
application

Understand
coverage patterns

Evaluating the application’s characteristics means reviewing the physical characteristics of
the space under consideration. Designers should become familiar with:

s Room/space size and shape
¢ Location(s) of gccupant activity and non-activity

“ Location of walls, doors, windows and drapes

¢ Partition height and location

¢ location of shelves, book cases, file cabinets, and large equipment

o Large objects that would block or alter a sensor’s coverage

s Location of HVAC ducts & fans

¢ Areas with available sunlight for added light level sensing . .

e Location of desk/workspace - orientation with regards to walls, partitions and other
obstacles

Special attention should be paid to high levels of vibration and/or air flow,
.extreme temperature conditions, and unusually low levels of activity, because
these issues may lead to alternate technology solutions.

050.M4.2 The Watt Stopper, Inc. = 2800 De La Cruz Blvd. « Santa Clara, CA 93050 - {408} 988-5331 - (408) 988-5373 Fax » (800) 879-8585 Tech Supporn
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‘Sensor
technologies

Oceupancy

Ocaupancy Senso

Matching sensor technology to-applications

Occupancy sensors use passive infrared, ulirasonic, or a combmatlon of these technologws

; Passwe mirared (PIR) lechnnlogy ThlS rehes on “hne~0f “sight” coverage 1o detect occu-

pancy by sensing the difference in heat emitted by humans in mouon from that of the back-

ground space.

b PIR wall switches PIR cellmg &wall Uurasumc cemng Dual Technology
sensor matrix ‘ B mount sensgrs sehsors sensors
querage type - line of sight - line of sight - volumetnc - complete coverage
e ~ciif off -cutoff - i deano dear cut off - cut off
Compatible physical { - | - smaﬂer, ‘enclosed mépaoes where the =1 |- open épébés,. ! - classroom
. Eharacteristics spaces i sensor has a view: of . | - spaces with obslacles - spaces with low
S ] : lheachvrty : - bathroom™ ‘ motion levels by
R occupants
Incarmipatible physlcal - low mohon Ievels -low mouon Ieve!s by . high ceilings - - high levels of air
characlerlslics - by occupants : oocupants . . - high levels of flow
) - obstdcles blocking - éhgtacles blocking - vibration or'alr flow - warehouse
: serjgo'r view Sensof view . Co

The Watt Stopper, Inc,

+ 2800 De La Cruz Blvd

tion capability will not intrude into adjacent spaces.

« Santa Clara, CA 95050 « (408) 988-5331 -

Nute:f “Cut off" refers to the ability to clearly define or limit sensor coverage so that detec-

(408) 988-5373 Fax « (800) 879-8585 Tech Support




Coverage patterns

Product coverage Once the technology choice is made, many different coverage sizes and shapes are available
patterns within each sensor technology. Thus, a s_peciﬁc sensor may be a bgtter choice than ;anqﬂler

for a particular space. Familiarity with these coverage "p’z‘xtterhé; will help engineers make the

right selection.

SEARIESI iy
L

Keep in mind whether occupants will be engaged in gross motions, such as
walking, or fine motions, such as hand work. Coverages change depending on

motion type.

SR

When creating zones of coverage, such as the coverage illustrated in the exam-
ple above, installers should take care to ensure that individual sensor coverages

overlap by 10-20%.
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Light level

ON mode
operation

Uccupancy Sensur »

Product features

When selecting specific occupancy sensor models, lighting designers should also consider
model features, which can add functionality and flexibility.to the control so]utlon_

Bmlt—m light level sensmg
This eamre holds hghhng systems off When namral light levels are above a pr&set level. At

'--.’r.a (SIS

il 16,]& i

ﬁfﬁ’v@ﬁw

Automatic ON or Manual ON

With the automatic ON feature, lights automatically turn en when occupants enter a con-
trolled area. And once the space is vacated and the user-set time delay elapses, lights auto-
matically turn off. This functionality affords occupants “hands-free” lighting with miaximal
convenience. The manual ON feature requires the occupant to turn the lights on manually.

This capability provides the greatest energy savings possible.

5]
Ol
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Isolated
relay

_ Vandal |
resistantlens -

Product features (cont.)

“Isolated relay.

Occupancy Senso

Available in' some PIR, ultrasonic, and DT sensors, the'singlé-pole, douible-throw isolated

relay enables interfacing with a facility’s HVAC

Auto ON switch

™~ Hard lens

Light Level sensor

3

EMS, or,monitoring systems.

This WA wall switch includes the light
level sérising, automatic ON, and hard
lens features

The Wan Stopper, Inc. » 2800 De La Cruz Blvd. + Santa Clara, CA 95050 « (408} 988-5331 » (408) 988-5373 Fax « (800) 879-8585 Tech Support
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Configuration
types

replacements

Ceiling/Wall
Mount Sensors

-Occupancy sensor mounting choices

Watt Stopper sensors are available in two basic mounting configurations to facilitate proper

installation and use:

o wall switch replacements

« ceiling or wall mount sensors with power

packs

Waﬂ?‘swit(':h replacements are designed to
replace existing wall switches, or‘for installation
switeh locations in new buildings:

N

Forceiling or wall mountinstallations, an dc_:cupancy
sensor systern includes fHie sensor itself and.a power
pack. The power pack transforms power to 24 VDC
(the voltage the sensor needs for operation) and con-
tains a relay that is used to switch the load. These
seni§07$ are available in a variéty of models utilizing

different sensing technologies and offering different
featuires and coverage patterns.

Some sensors are recony
mended for ceiling mount use,
such as the CI-200, W series,
WT series, and WPIR. Others,
such as the CX and DT series,
contain builtin bracket systems
that provide ceiling mounting
as well as wall mounting. This
is important for applications -
where the ceiling is unavailable
for sensor installation,

WA sensor replaces conventional wall switch

all switch feplacements utilize PIRtechnology and therefo:re require a clear line of sight of
the coveragé area. They are best suited to small enclosed offices or rooms.

Power packs are used when céiling sesi-

sors are selected

AT

\ [Caiing

The DT-200 sensor can be installed
on-the ceiling (cutlined here in
black) or on the wall (outlined here
as dotted fine)

The Wat Stopper, Inc. » 2800 De La Cruz Blvd » Santa Clara, CA 95050 » (408) 988-5331 « (408) 988-5373 Fax » (800) 879-8585 Tech Suppont




~ Sensor
placement

Wiring
considerations

Adjusting

- SBNSOrs

false ONs or OFFs due to sensor loca

- sor should not be positioned near an

Sensor placement, installation, and settings

In determining the correct location for
sensors, installers should position the
device so it has the best view of the
entire coverage area. Care should be
taken to minimize the possibility of

tion. For instance, -an ultrasonic sen-

open door'way, since a passerby could
trigger a false ON. An ultrasonic sen-
sor should also not be positioned near
an HVAC return or air supply diffifser.

When installing ultrasonic R
sensors, installers should’  This PIR wall switch has been posmoned to Jook into:the roem:
po sition the réceivin g side rather than out the door, minimizing the possibility of faise 1 tng

) gers. Nothrng is obstructlng the sensor’s view and it faces the
toward the area of greatest  frane of the worker.

traffic.

Wii€n installing the sensor, the contractor should wire it according to instructions to elimi-
nate any functional problems or sensor damage. For instance, all Watt Stopper wall switch
sensors require grounding for proper functioning. Thus, if an installer fails to properly
ground this type of sensor, it will not work as designed.

Wall switch rep}acements typically use line voltage and are designed to fit within a standard
switch box. Thus, ingtallation requires no special wiring or relays. Installers using our deco-
rator style switches (WS, WA, or WD series switches) must install the devices with either a
single or double gang cover plate, depending on the type of switching involved. With the WT
series, installers need not use a cover plate for single gang boxes, although plates will be
needed for double gang boxes.

Many of The Watt Stopper’s wall switch sensors feature terminal style wiring. This contrac-
tor friendly screw terminal wiring system eliminates the need for wire nuts, making installa-
tion quicker and easier.

" Following sensor installation, additional adjustiments may need to be made. This is not

uncommon, and is often due to last minute changes in furniture or fixture placement.
Ideally, the sensor settings for sensitivity and time delays should match the activity levels of

" ‘the 'ménitored spaces

; Insta]]ers can use The Watt Stopper’s u)verage templates to lay out sensors on
facﬂxty bluepnnts

050 MJ.2 The Watt Stopper, Inc. » 2800 De La Cruz Blvd. * Santa Clara, CA 95050 « (408) 988-5331 » (408) 988-5373 Fax » (800) 879-8585 Tech Support




PIR sensor

6 O i == Dual technology
() Ultrasonic sensor ‘ D_ﬂ sensor
Q“o

Note: The graphics in this section are infended to illustrate the text discussion. They are not
intended to represent actual implementations.
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Applications in specific building spaces

PIR wall ¢ Smpall individual enclosed offices - -
swilches * Small utility rooms AR A
(W1, WA, WS, e Teachers’ offices s

WD series)

Ultrasonic sen- * Conference rooms e Corridors
sors (W, WT * Open office spaces » Restrooms
series)

oe,

The Watt Stopper, Inc. » 2800 De [a Cruz B
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Ultrasonic sen-
sors (W, WT
series)

Dual technology

¢ Conference rooms
Sensors * Open office spaces
(DT#Z(){]) e Large classrooms

o Multi-purpose rooms

ccupancy Sensor.

* Banquet rooms
¢ Meeting rooms
e Storage areas
Stockrooimns

The Watt Stopper, Inc. * 2800 De La Cruz Blvd. » Sama Clara, CA 95050 + (408) 988-5331 » (408) 988-5373 Fax + (800) 879-B585 Tech Support
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The Watt Stopper, Inc.

Applications in specific building spaces cont.)

e Stockrooms : ® Gyms .
o Storage areas . Multipurpose rooms
* Corridors * Enclosed offices

¢ Conference rooms .

o Computer.rooms’
« Classrooms B z - :

S
Sy,

AR
7

« 2800 De La Cruz Blvd * Santa Clara, CA 95050 » {408) 088-3331 » (408) 988-3373 Fax * (800) 879-8585 Tech Support




The Watt Stopper, Inc.

- Facility-wide applications

Organizations of all types can benefit from: occupancy sensor-use ina variety of spaces.
ﬁlroughout the facility. Among the business sectors employing occupancy sensors for. hght—
ing control include:

¢ Fipancial services institutions (.e., banks, credit unions, ifivestment firms)
* Government facilities '
 « Hospitalt 4iid heélth care facilities'
. Industnal buﬂdmgs and warehouses
. Commercxa] buildings
-Ediicational inf 'ﬁons (Le schools umversm,es)

. Correctlonal ﬁcﬂl‘ 85
L5 Retall stores »
 Hotels
¢ Houses of woréhip
In most cases, the differing nature of spaces within a facility will require that sensors of dif-
ferent types be used. Lighting professionals can choose the sensors they need from The

Watt Stopper’s comprehensxve line of occupancy: sensors: Together, these d1fferent seusors
provide a complete occupancy “based control solu’uon

The specific apphpat;on case studies that follow explore the use of different sensor types
throughout facilities that represent some of the largest business sectors: commercial build-
ings, retail stores, hotels, and educational institutions.

» 2800 De La Cruz Blvd. » Santa Clara, CA 95050 « {408) 988-5331 » (408) 988-5373 Fax ~ (800) 879-8585 Tech Suppon
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Application
‘scenarios

Open area
control

Small room:

gontro)

Small
lunch/break
room

Resfrooms

Oceupancy Sensg

Application - Commercial office huilding

e large’open areas divided into parhhoned cubicles
s utilify roems
* employee break rooms

- ® resfrooms

¢ individual offices TR
* other examples not shown (conference rooms camputer rooms, lobbxes warehouses)

pom T . e e ~
- ', ‘ -
! v Thewr 2200 W 200045 most often used in open
¥ 1 office areas for coverage anid capability to
P e il i g N bounce ultrasonic-off partitions; walls, floors, and other
} S reflecting olgjects to better sense mation. A typical tay-
. b ey Pl P il 4 out would be 16 place sensors to control the office area
N i in zones that overlap .The coverage ¢an range from
i 20'%20" to a maximurm of 40’x40’, Typical zones average
: P 25X25° vith an overlap 1o enable motion detection up to
L 30w

——— . b o e

@ WI-2200 oF W-H000A

Because the utility rooms are small, enclosed; and:intermittently used, a PIR wall switch is
the ideal choice. To ensure detection as soon as oceupants epter the room, the device is
positioned on a wall opposite the doorway, so that lights turn on immediately. With average
room dimensions of 300 ‘square feet, the WS coverage pattern of 180° and 900 square feet is
more than adequate. -

For alarge, combination lunch/break room, the recommended sensor choice is an ultra-
sonic sensor. Placement of the sensor would ideally be ahove the main areas of activity. For
rooms ranging from 500-800 square feet in size, a single WT1100 or W-1000A should be
used. For rooms ranging from 800-1500 square feet in size, a single WT-2200 or W-2000A
would be preferred. Rooms larger than 1500 square feet can be controlled via ultrasonic
sensors by dividing the room’s coverage into zones.

ol €7 OO X T -

Uj The buildings’ restrooms average 6 stalls and
600 square feet. for these spaces, ultrasonic
ceiling sensors are the recommended choice, as
i the stall partitions would inhibit the effectiveness
of PIR technology. Models WT-1100 or W- 10004
will provide adequate coverage with the use of
one sensor per restroom.

olalalolals)

@ WT-1100 or W-1000A [ Standard toggle swilch

— - e - . 2

~

‘5
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Application - Commercial office building (cont.)

Enclosed private The office building contains numerous small pnvate offices. These range in size from 300

offices square feet to 500 square feet. Most of the offices are occupied by workers Whv',‘
greater degree of quiet and privacy to perform t theu' respons mﬁes such:as engineers and
accounting professionals. An \dea] sensor for these offices i is fhe PIR wall SWItch suchas
the WS WA, WD or WI models

. Facility G L .
o EETTTe ‘u——ﬂhtu-ugu-;;ms;\xn;gu—i i A TTTIos

schematic : O O
1 2.0 o

i

“““““““““““““““““““ O-O,_ N

RESTROOM

ol

A‘cxnmo W weRT ot
®w @w Ews
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Application
scenarios

Corridors

Guest rt‘mms

Banquet/
meetmg
runms

Public
rastrooms

e pubhc restrooms

ccupanoy'Sensar

 Application - Hotel -

+-guest floor corridors
s guest ‘rb’o’m's“ '
. banquet rooms

e other examples not shown (utility rooms, small ofﬁces gym/pubhc rooms)

The WT-2250 provides coverage for = N
areas up to 10" x 90.” Sensor placement ! ® i
should emphasize coverage for main '\_“_ e e e i i e s o BT e

entrance areas, such as elevators and -

stairways. ° WT225°

In guest rooms, the bathroom lighting is controlled by a wall swm:h PIR sensor. The WD-
270 would be suitable and would add manual dimming ‘control for guests

Banqqet/meeﬁng rooms vary widely in
size and function. Many that are used
for conference sessions, where the
occupants may be engaged in very low
levels of activity, would benefit from the
use of DT-200 sensors to minimize the
occurrence of false offs. Smaller ban-
quet rooms could be fitted with PIR
wall switches. A hotel with a.combina-
tion of sma]ler and larger banquet
roomis will use several different types of
sensors to ensure optimal coverage for
each specific space.

3 DT-200

Lighting in the public restrooms is suitable for occupancy sensor control. These facilities,
usually located near banquet/meeting rooms or the main lobby, are often continuously illu-
minated although they may only be used for brief periods of time. As with restrooms gener-
ally, an ultrasonic sensor would be the suggested choice.
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Application =~
scenarios

rn—

Warehouse

5 :

Merchandising
displays

o Uccupancy sensm‘ ‘

“Application - Retail store - R

» stockroom/warehouse EITI
* refrigerated storage area .
+ merchandising displays

* customer restrooms

* sales floor

o other examples not shown (sma]l ofﬁces, uuhty rooms break room)

Stockrooms and warehouses-are aften. intermit-
tertly.used throughout the day. Jo reduce energy
consumption, llghtlng in individual atsleways is”
controlled By creating an-individisal zone for. each
aisfe.-Each zone-is controfled by two CX-100-4
sensors located at the aisleway-etrance and
pointing inward. Open areas are best controlled
with CI-200 sensors as fong as there are no
obstructions. You can-team sensor control with
other control strategies, such as daylighting or
scheduled control for other stockroom/ware- )
house areas (i.e., loading docks) that have access
to natural light.

Facilities using high intensity discharge (HID) lighting can employ The Watt
25 Stopper’s DM-100 controller together with sensors to provide occupancy-based
9 control of these lights. For more information, turn to thé DM-100 cut sheet and
HID control applications in this binder:

While the principal purpose of lighting in merchandising displays is product enhancement,
lighting control may be important for other reasons. For instance, product displays of per-
ishable items, such as pastries or other food items, may be susceptible to undesirable
spoilage from exposure to extended Jighting. Switching display lights off via occupancy sen-
sors enhances product life while ensuring an effective product display. In the deli area of an
upscale supermarket, two levels of lighting are employed, one to continually provide basic
llumination. The second level of lighting, positioned above displays of gourmet breads and
cheeses, is controlled by CI-200 sensors. These lights come on when the sensors detect the
approach of a customer.
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Refrigerated
storage areas

Customer
_ restrooms

Sales floor

aisleways

Facility
schematic

Application - Retail store (cont.)

Lighting in cold storage areas, such as meat lockers, is best controlled by the CB-100 PIR:
sensor, which is designed specifically for cold temperatures and is more sensitive to motion
in cold conditions. In placing the sensors, we recommend that entrances and staging areas
are well covered.

Significant energy savings can be obtained by controlling lighting it customer restrooms.
Usually left on continually throughout business hours, as'well as ‘while employees are
restocking or cleaning the sales areas, these hghts can be switched off when the restroom
is vacant. Ultrasonic technology is best suited to many restroom configurations, as it can
overcome obstacles such as partitions. In single restrooms without stalls, a PIR: WaII smtch
sensor with a vandal-resistant lens Would alsobe a good chmce : : P

. Lighting on the sales floor itself can also be controlled. Often, ‘the taxl facmty maintains full

lighting throughout the intervals beforé and after regular bugsiness ours during which per-
sonnel restock and clean By controlling: mdmdual alsleways sensors, only those lights
in areas where employees are working will switch on (or in the case of HID, switch to full

output)

SALES FLOOR

A oxe @ €200
@ ce-100
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Application - -

Scenarios

Classrooms “|

{ibraries

Gymnasiums

Application - Educational facility

- e classrooms : ‘ st
- library

* gymnasium
» lobby
» other examples not shown (locker rooms, hallways, faculty offices, utility rooms)

30",

The DT—ZOO is the recommended sen-
sor.for classroon tse, It will accom-
bdate the Jower Tevels of activity
without creating false triggers.

Bl DT-200

In libraries, both the open areas and the book stacks are controlled by occupancy sensors.
The book stacks are individually zoned and controlled by PIR sensors (WPIR or CX-100 are
good choices). Open areas are controlled by ultrasomc sensors (WT- 1100, WT-2200, W-
10004, or W- ZOOOA) in study areas where occupant actmty may be quite low, the DT-200

will work well.

To ensure effective
coverage of the gym
floor;zones are over-
lapped. By dividing the
Tloor into different
20nes, lights in one
zone can be turned off
while vacant even if

 adjacent areas are
occupied.

A cx10 O crz0

The Watt Stopper, Inc. » 2800 De La Craz Blvd. « Santa Clara, CA 95050 « (408) 988-5331 + (408) 988-5373 Fax - (800) 879-8585 Tech Support




©050.MI2

Lobby

Hallways

Faculty
offices

Facility
schematic

Application - Educational facility (cont.)

In this building, the lobby is a single-story, open area. With ceiling heights that average 12
feet, the area’s lighting can be effectively controlled with ultrasonic sensdts. Because the
lobby is not totally enclosed, but flows into adjoining spaces, WT sensors are used to pro-
vide overlapping zone coverage.

In this building, the hallway leads into-an open area on one end with openings into the
library and classrooms. While each sensor technology can work well in hallway applications,
the suggested sensor in this example is an ultrasonic WT model. This is usually the best
choice in a general use hallway, such as this one, or in hallways with walls and ceiling
heights under 14 feet. Tn ha]lways where premse cutﬂff 5. needed, a PIR sensor would be

the preferred choice.

Another ideal application for sensors i acadermc settmgs is faculty ofﬁces For small
enclosed ofﬁces PIR sensors‘dre’ recommended . provxde deﬁned coverage patterns
and. do not trigger lights on Wh n individuals walk by office. entrances PIR wall switch sen-
sors are most popular as long ; as; the' Gnentahon of the work space fares the sensor location.
Additionally, the hard lens of the WA model is 1dea1 to: pre;vcnt sensor damage by vandals. In
other orientations, a ceiling mount sensoris preferred

‘:.‘.—.-.:':__'—m
@ ci2ee [T
. WT
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Occupancy Sensors

Applications

Pass & Seymour
] Iagrané’ym

Sensor Type

| Residential Sensors
Autqmatic Wa}l Switch

P&S Model

Appropriate Application

Use in storage rooms, walk-in closets and paniries. 600 sq. ft. coverage, wiih’ 1 minute time
delay for quick off.

Automatic Wall Switch

Mey

For laundry rooms, half baths and hallways. 5 minute lime off.

Small Offices
Automatic Wall Sw:tch

Automatic Wall Switch *| M

WS3000
0SC3000

1 Be sure sensors will niot be blocked by doors, filing cabinets, ete.

Use in nurseries, bedrooms and basements. Manual ON (No Auto ON).. 15 minute fime off.

Small, individual offices. Sensors should have a direct, clear, front view of 'staﬁonary occupants.

{ 360° Ceiling Mount’

2 WAT001 Small, individual offices where wall switch location is a problem. For offices wilh genera)
or Wide Angle csio001 activities, WA1001 wili work well placed in the corner. If there are obstacles present, the CS1001
L i will provide 360° coverage from the center of the office. ‘
Ultrasanic US1001 Offices with large obstacles or stationary workers. The US1001 covers up to 750 sq. fi., - .

onferenc and Training Roms

detects around obstacles, and Is more sensitive to small movements than PIR sensors. It should
be placed close 1o the area of activity and out of view of doors so waves do not exit'the room.

Small conference rooms where a ceiling mount sensor is requii'ed. They should be located

Automatic Wall Switch

Lunch, Copy. and Utilit

360° Ceiling Mount €51001 ;
] where they will have a clear view of the entire room but cannot see out the door. »
Automatic Wall Swilch. | WS3000 Small conference rooms under 300 sq. ft. To ensure detection at the far end of a room, it is
0S8C3000 recommended that the wall switch sensor be within 20 feet of the farthest wall.

Ultrasonic us100t Small conference rooms without moving equipment that may falsely activate the sensor. The
US1001 works well in a room up to 750 sq. fi. Multiple sensors may be used in larger rooms.

Wide Angle WA1001 Medium size conference rooms (400-1000 sq. fi.) without obstacles that may block a PIR
sensor's view. The WA1001 ceilling mount sensor works effectively

Wide Angle or 81001 Conference rooms 1000 and 2500 sq. ft. Two WA1001 will work well when instalied in oppuosite

360° Ceiling Mount WA1001 corners. One of the sensors should be placed to immediately sense occupants entering the

0SC3000

room. For rooms greater than 2500 sq. ft., use multiple CS1001 or WA1001 sensors in zones.

A wall sensor is suitable for break rooms up to 300 sq. f. if thére is a clear view of the room

Restrooms

Uitrasonic

Hallways
PIR Wall Mount

or 360° Ceiling Mount WS3000 from the light switch. For a room with an open wall that leads to other areas, masking material
CS51001 is included so the caverage zone may be more tightly defined. Using a CS1001 ceiling mount
sensor is an allernative to masking.
360° Céiiing Mountor | €S1001 in break areas between 500 and 800 sq. ft., use CS1001 PIR ceiling mount sensors, Rooms
Wide Anglé WAT001 between 800 and 1500 sq. ft. require WA1001 sensors. For areas greater than 1500 sq. ft.,
break the room into zones and use multiple sensors )
Automatic Wall Switch | WS3000 In copy and work rooms smaller than 300 sq. f., an automatic switch works well; however,
0SC3000 if large copiers block the sensor’s view, use a ceiling mount PiR sensor.
Wide Angle WA1001 For larger copy rooms, mounting a WA1001 PIR sensor in the corner is most effective Place
them so that tall objects do not obstruct the sensar's view of the room. For rooms exceeding
1200 sq. fl., use muitiple sensaors
Automatic Wall Switch/ | WS3000 An automatic wall switch sensor will work well in a utility room smatler than 360 sq. #t;
Ultrasonic us1001 however, if occupants spend lengthy periods of time bshind cabinets or other structures, an
ultrasonic sensor is a better choice.
360° Ceiling Mount WA1001 Utility rooms greater than 300 sq. ft. require a PIR ceiling mount sensor because high air flow
causes false triggering in ultrasonic models.

cs1001

Us1001

HS1001

Due to the many partitions in commercial restrooms, an ultrasonic ceiling mount sensor is
needed. Multiple sensors may be used in larger restrooms.

In ha!|way§ without ;valls or where coverage masking is required, HS1001 PIR sensors are
perfect. When mounted between 10 and 14 feet high, they provide a coverage area of up to
10" x 90'. Sensors should be focused on areas where people will be entering the space.
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OCCUPthy Sensors Pass‘&Seymour
Useful Calculations | Hlegrand’

Examples of savings and payback
EXAMPLE 1 i e
" Large office using a WA1001 Passive Infrared Sensor =~ /51
Six 88-watt, 3-famp fixtures = 0.528 kW x $0.08/kWh = $0.04224/hr
- Savings = 35 hours per week

Total hours saved = 1,820 hrs/yr

‘Annual Savings = $76.88; 5 Year Savings = $384.40

_Total estimated cost including power pack: (Produict and Labor) = $140.00
Payback = 21.85 months

‘RO! = $76.88 =+ $140.00 = 54.92%

EXAMPLE2 . -
* Individual office using a WS1001 Automatic Wall Switch o !
Three 88-watt, 3-lamp fixtures = 0.264 kW x $0.08/kWh = $0.02112/hr
Savings = 50 hours per week

Total hours saved = 2,600 hrs/yr

Annual Savings = $54.91; 5 Year Savings = $274.55

Total estimated cost: (Product and Labor) = $54.00

Payback = 11.80 months

ROI = $54.91 = $54.00 = 101.68%

EXAMPLE 3

: Restroom using a US1001 Uitrasonic Occupancy Sensor:
Four 88-walt, 3-lamp fixtures = 0.352 kW x $0.08/kWh = $0.02816/hr
Savings = 75 hours per week

Total hours saved = 3,900 hrs/yr

Annual Savings = $109.82; 5 Year Savings = $549.10

Total estimated cost: (Product and Labor) = $160.00

Payback = 17.48 months

ROI = $109.82 = $160.00 = 68.65%

Molti-Sensor Installation

For applications requiring more than one sensor, the load per power pack should not
exceed 64mA. Use the following table 1o calculate the maximum number of sensors per

power pack.
WA1001 €s51001 H51001 Us1001 AR120/277
8mA 8mA 8mA 28mA 36mA
Examples:

2 x US1001(28mA) = 56mA v/
This is an acceptable load because it is less than 64mA.

e 2XUS1001(28mA) + 1 x AR120/277(36mA) = 92mA X
) Thisis not an acceptable load because it is greater than 64mA.







Occupancy Sensors Pass & Seymour
Ultrasonic Ceiling Sensors Bllegrand™

‘| Description Voltage

SRR
eliigeCcn>

HAestrooms

1 1

AR crrrre I 2 P |

G B S5 EE- T ____.[J[_]__‘/ 0 us1oor
us1001 .

in commercial restrooms, the US1001 will be ableto -

provide refiable occupancy detection for the entire

space. This ultrasonic sensor is able to see over stall

doors and walls and over other partitions.

R i'::»StandarWilng i

~ Enclosed Office Sensor Placeme
Neutral Load
Figure A Figure B % O T
0\ \//ﬁ -
White Red
Sensor - Lo Power I
e % Pack
Fixiures Fixiures CHM ~. Black & T Red
S aesY [CEEanT i \11
Sensor
10' x 10° Room 10' x 10° Room
G i Bl E| 3
orrect ncorrect 2l g 3
P Switch
For enclosed spaces, place sensors as in Figure A, (E
Sensors placed as in Figure B may see out the door g
and cause false triggers.
Occupancy Sensor

All devices listed on this page conform to NEMA WD-1.






Pass & Seymour
0 legrand‘ym

Occupancy Sensors
Passive Infrared Sensors

; Catalog

2 OSC3000-1
0SC3000-W

- 05C3000-GRY
: 0OSC3000-LA

1281 Number Description Voltage
WS3000 IPIR Avtom alfisy

Load

£y
LY

hno

Passive Infrared 120/277VAG; | at 120V
Occupancy Sensor | 60 Hz 1200W Max.
at 277V

Requirements

AT TEnE

WS3000-1 _ ‘B0OW Max. _ ory

WS3000-W | Passive Infrared 120/277VAG; | at 120V 180°, up 10|30 sec. to White

WS3000-GRY | Occupancy Sensor| 60 Hz 1200W Max. 900 sq. ft. | 30 min. Gray
at277v

vory

180°, up to | 60 sec. to | White

900 sq. ft. {15 min. | Gray
Lt. Almond

Lt Almond

T

40

to detect vertical as well as horizontal ol
optimum conditions with a high 1aval of aclivity
reach a maximum of 900 square feet. Under a ty)
a1 4 feet, coverage Is 300 square feet.

Planning a Layout:
Ths WS3000's 2Javel lens provides su

perior coverage al deskiop tovel by aflowing the sensor
for. Coverage shawn is for walking mation. Under
and with no barriers or obstacles, coverage can
plcal, dasktop level of activity, when mounted

120 OR
2TIVAC

LINE ﬁ BLACK RED
N

0SC3000

_

0353000 Wiring Diagram

LOAD 30-600W 120VAG
QUT B0-1200W 277VAC

LED
Fresnel Lens

e Override
- Auto-off or

Clockwise — Maximum
Counter-Clockwise — Minimum

- J Houtml Noutral Hot BLK
¥ ws3000 Ground GRM Ground GRN
Placement for PIR wall switch sensor RED _— RED Neutral Ground
P at [T
3-Way
r{ toad |- Application
Single Level Wiring
Lighting Manual Bi-level ;  WS3000
WS3000 Lighting =/ Ground
WS3000

All devices listed on this page conform 1o NEMA WD-1.







Pass&Seymour | Occupancy Sensors
Qlegrand’ Passive Infrared Sensors

C51001

Office

Passive Infrared Occupancy Sensor 24VDC 8mA i White :

Catalog Number | Description

Here, the C51001's 350 degree
coveragl provides coverage of the
entira office.

Single Gang Stainless Steel Wall Plate for CS1001 302 Stainless Steel,
Box Mounting 1.203" diameter hole

Reference Page K-10 for Power Packs.

Plannin Laout

R

\\
‘\

'\\.__'w_/"" g T e SN N " o

) § X 2Pt 1R TAIA0 3ATA 3R 22A
Arrows for aiming i

Coverage shown is maximum and represenis coverage for
. haif-step walking motion. Under ideal conditions, with no barriers
(F;roglrt g}ifg?‘gcﬁf,ia doorway or obstacles, coverage for halt-slep walking motion can reach
ty up to 1200 sq. fi. For typical desktop level of activity, coverage

can reach up to 800 sq. ft.

Instaliation

The CS1001 has several mounting options:
A} It can be altached to the grid system of a suspended ceiling with built-in clips.
B) It can be dlipped into a hole dritled into the ceiling or panel.

C) it can be mounted onto a wallplate (P&S Cat.# SS1001) for box mounting.

it can also be surface
mounted using
#8 flat-head screws. A

551001 Wallplate

A |

B

Tear off and discard.

Drill a 1-1/2" diameter hole.

All devices listed on this page conform to NEMA WD-1.
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01-882 Two-way sensor 01-220 Wall switch 15 VDC
01-091 Two-way corridor sensor 01-300 Two-way Super Dual Tech sensor
01-230 Wall Switch 24 VAC 01-310 One-Way Super Dual Tech sensor

01-320 High Bay sensor
02-PCC Photocell controlier

Products By Model Number

Model Description Coverage Accessory Tech Jinstallation Specs No
Number Require- Sheet [Instructions {(Word or {C
. ments {PDF) {PDF) "PDF)) | Auto
04-060 ° fSmall area, one-way sensor 150 - 500 sq. ft. Switchpack Tech Sheet Installation Specifications “fTemplat
Instructions {Word Format) {1 to I sca
Specifications (pdf]
01-072  [One-way sensor 1500 - 500 sq. ft. Switchpack Tech Sheet Tnstallation Specifications {Template
Instructions (Word Format) 1.
[Template
Specifications (pdf]
fomat Template
 Template
Template
[Template
Al temple
- . 1o ] sca
01~ One-way, BAS/EMS sensor 150 - 900 sq. ft. [Transformer Tech Sheet Installation Specifications [Template
Instructi (Word Format
BAS074 nstructions ord Format) remplate
Specifications (pdf
; fomat) Template
! Templale
A1l templt
. ) ) i Y o] seca
01-076 One-way sensor Up to 900 sq. ft Relay & Tech Sheet Installation Specifications {Teroplate
[Transformer Instructions (Waord Formal)
[Template
Specifications (pdf] Lemplate
fomat) Templaie
Al temple
1101 sca
01-077  [Pre-way, airflow tolerant sensor {530 - 840 sq. ft. Switchpack Tech Sheet Installation Specifications  {Templale
Instructions (Word Format}
Template
Specifications (pdf
fomat Template
Template
Il templ
. 1101 sca
01-082  [Iwo-way room sensor 1900 - 2,100 sq. fL Relay & Tech Sheet Installation Specifications  {Template
[Transformer Instructions {Word Format)
. Tenplate
Specifications (pdf]
fornat [Template
Template
Al temple
. ) 1tol sca
01-083 [Two-way room sensor 000 - 2,100 sq. fL. Switchpack Tech Sheet Installation Specifications [Template
Instruciions {Word Format)
Template
Specifications (pdf]
fomayy  [Lemplate
[Template
[Template
[Template

— - - o~ I ! Jev wdm Lt ‘?/4/?00%






hxvstalr DR-02-039°

Address | !J Ri\Ky Adin Caso No, 2007-00477\KyPSC 2nd Set Data nmxs\x{suf—omzmv

'ﬂe,mjro;aexw,
3 ke & ew foider

i

Q mgnm folder tothe

156P_Duks Energy Com_20071210,_Summary Analyses pof

2 58P _Duke Energy Corp_20071210_Andlyses pdf

" 3 Ratings TPR 12 31 07 pok

T4 S6P_Duke Energy Corporation_Ratings_As of 20080103 pdf
_Duke Enerqy Kentucky Ratings_As of 20000103 pdf

[ B
£V DE Phonebook Fax & E»maimskpcmsg
Find Nowy Optlons % |

=Tz ks Energy Corporotion RekingsAs of 103 pof o Wed 1792008 10:55 AM
Moody's_Duks Energy Corporation_Ratings_As of 20060 ’
i) Vewpcrdcus versions ? 4, s _Dxke Energy Kerbucky. Ratigs, o of v o .. Wed 1/5/2000 9:44 AM
) i 8prafi-OR-02-039.dac « Wed 1/9/2008 9:41 M
¢ Wed 1/9/2000 0 B
o R i iﬁmﬁiﬁ
= ,‘§§§j"“""°‘ Date Ters 1012306 4:12 FH1
s
&) My Document .
\j‘ zyytm;"xu;cam‘; M mua/zooox dal :
‘j) Hy Network Places - Tuo 1/8/2008 11:00 A - i
Detalls ¥
2 Action
.. 50 1]6/2008 B:43 PH
jary - 5un 1]6/2008 12:13 PM =
.. Sat 15/2000 9:33 AM
- Fii 142008 9:51 AM
(.3 BRENDA'S IFORMATION #2 T e, Susan RE: Siovio tostenony TE 142008 8109 M
= =
%27 Deleted Rems

L3 Search Folders
Persond Folders

RE: Qverland Distovery — 2nd Set
UPS Addross

" Mcinkosty, Temara

- Thy 1/3/2000 4:16 P

. T 1372000 4:08 W

L Merka, Kothy Plonfieki Phone and Voicemai Upgrade Remindet . Thy 1/3/2008 2:57 P
- Owens, Amber Viawing your Paychetk on the Portal - MY FR .. Th 1/3/2000 2:00 PH
Meyer, Tammy Emergency Response . Y0 1]3/2000 1:48 PM

FW; £C5 Directs Conf cal
Internet: More Web Stes Geuhg Blocked and VacHed

Hunsicker, Retha

T 1/3/2008 9:35 AM

"L, Tha'1/3f2008 9:11 AM

Appoiniment reminder from Anderson Dentdl Care:

.. Thy §}3/2000 9:01 AM

Fw: Particlars
B& of Ho

. Thu 1/3/2008 8:44 AM

.. Thu 1{3j2008 7:28 AM

2 Brendn's tems (1)

Phunsicker, Retis

et ) Touch poick on Enterprise Customer Systom Sirategy ’ ,, . Wed 1]2]2000 2119 PM -
IR . Storck, Don FW: Actoss for Sharon Babcock Wed 1/2/2000 2:13 PM .
] c,,;,,.d,, Vi puble Affairs This Wack ot Duks Energy. Jon . 2. 2008 wed 1/2/2008 1:56 PM
Skacklmarn, Venessa  Monthly Diver Night © Wed 1/2/2000 1:35 P
8. Contacts Bel, Marc " “arrengements for Vi Thurston T Wed 1212000 1:25 P
oy Lubeodt, Barbors \\CXNCYFIIEN,EGL {Cass No. 2007- 369) Wed 1/2/2008 12:18 PM
Tasks Schwsiio. Tanya  Confbrenc Cal rsgirdng Dariet Buding wed 17212000 11:07 Ab
Gwons, Amber. TmoEry ) ) . Wod 1]2/200¢
Wne bt i

!
!




Product Index Page 3 of 6
41 sempte
‘ . 110lsca’
1~ [Two-way BAS/EMS interface  J900 -2,100 sq. ft. [Transformer Tech Sheet Instaliation Specifications  Template
BASO8 sensor Instouctions (Word Format)
4 " {Template
Specifications {pd ]
fomat) Template
[Teraplate
41 temple
) . . ) ! 1o I sca
{1-087 [Two-way, airflow tolerant sensor [840 - 1,680 linear ft. Switchpack Tech Sheet Installation Specifications: - fTemplate
Instructions {Word Formaty )
, Templale
Specifications (pdf]
fomat)’ [Lemplale
Ternplate
ANl templc
. . - Ytolsca
01-001 [Two-way corridor / warehouse  JTo 100 linear fi. [Relay & Tech Sheet Installation ‘Specifications - [Template
feenisor Transformer Instructions (Word Format) :
T ; [Template
Specifications (pdf]
fomal Template -
[Template.
A1 templk
A ) |10 I sca
01-092 (Two-way corridor / warehouse  [To 100 linear ft. Switchpack Tech Sheet Installation “Specifications . - {Template
sensor Instructions (Word Format)
;  Template
Specifications (pdf] -
" fomal [Template
Template
Template
[Lemplate
AN templ
) ) 1101 sca
D1- [Two-way, BAS/EMS comidor  {To 100 linear f, (Transformer Tech Sheet Installation Specifications  {Template
Instructions {Word Format)
BAS094 and warehouse sensor instrucuons ard Lorma [Termplate
Specifications (pdf]
fomat) [ Lemplate
Terplale
|4l templt
1 to ] sca
01-100 One-way sensor 500 - 1,270 sq. fL Switchpack ‘Tech Sheet Installation Specifieations  [T'emplate
Instructions (Word Format) |
Template
Specifications (pd]
fomat) Lemplate
Template
Template
Lemplate
All temple
J to ] sca
01-110 [Two-way, large room sensor 1,270 - 2,850 sq. ft. [Switchpack Tech Sheet Installation Specifications [Template
Instructions (Word Format)
Template
Specifications (pdt
fomat) [ Lemplate
| Templaie
Template
Template
|41 templ
- Y tolsca
01-160 . [|Small area, one-way sensor 150 - 500 sq. i Switchpack Tech Sheet ‘Instaliation Specifications  §Temnplate
’ Instructions (Word Formaf) |/ 10/ sca
Specifications (pdfi
fomat)
01-170 One-way corridor / warehouse  [T'o 50 linear fL. ISwitchpack Tech Sheet Instalfation Specifications [Template
lsensor Iostructions (Word Format)  remplat
emplate
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Specifications (pd{JTemplate
fomat
[Template
Template
Template
1411 templ
. 1101 sca
01-180 IOne-way enclosed corridor sensorfTo 50 linear ft. Switchpack Tech Sheet Installation “8pecifications ' [Template
Instructions (Word Formal) 1.
: . ) ~ [Template
Specifications (pdf]
- fornat T;mg]ale
Al templc
. ) , . Mol sca
01-190 [Two-way enclosed corridor 1936 - 1,400 sq. ft. Switchpack Tech Sheet Installation Specifications [Template
fsensor Instructions (Word Format) 1.
B - Template
Specifications (pdff - - ;
fomat) Templale
Al templc
L ) . . L Y10l sca
01~220 - JAutomatic wall switch; 15 VDC |up to 300 sq. ft. Switchpack Tech Sheet Instdllation :Specifications - [Templale
- Instructions (Word Formaty '|f 1o I sca
Specifications (pdf]
. : . L formab)
1-230  JAutomatic wall switch; 24 VAC fup to 300 sq. ft. Relay & Tech Sheet Installation . Specifications .-[Template
. [Transformer Instructions (Word Formai) {1t I sca
Specifications (pdf]
) - y . . L o fomat) ] )
01-250 - jAutomatic wall switch;120/277  fup to 300 sq. f. None - Tech Sheet Installation Specifications -+ [Template
[VAC, neutral Instructiong {Word Format) ! w I sca
Specifications. (pdf
_ : . fomal)
01-  Automatic wall switch; 24 VAC {up to 300 sq. ft. Transformer or Tech Sheet Instaliation - Specifications JTemplaie
BAS260 BAS/EMS interface BAS/EMS Instructions (Word Format) {] 10 f sca
X Specifications (pdf]
. fomat)
01 -  Two-way Super Dual Tech 300 - 1,750 sg. f. Switchpack or Tech Sheet Installation Specifications - {Template
BAS300 BAS Instructions (Word Format) }1 10 1 5ca
Specifications (pdf
. . fomat)
04 - One-way Super Dual Tech 150 -900 sq. f. Switchpack or Tech Sheet Installation Specifications  [Template
BAS310 BAS Instructions {(Word Format) 17 1o ! sca
Specifications (pdf
. . . . format
01-320 High Bay Sensor 600 - 800 sq. fi. Switchpack or Tech Sheet Instaliation Specifications {Template
BAS Instructions {Word Format)
[Template
Specifications (pdf}
fomat) Template
Template
Template
Template
111 temple
. 1 to ] sca
01~ Extreme Temperature Sensor up 1o 1,500 sq. ft. Switchpack or Tech Sheet Installation Specifications [Template
BAS340 BAS Instructions (Word Format) {/ 10 ] sca
Specifications (pdf
fomat)
041-400 (Automatic Self-Adjusting Wall jup to 300 sq. f. None Tech Sheet Instaliation Specifications |Template
Switch, 120/277 VAC Instrugtions {Word Format} 1/ 1o ! sca
(Contact Novitas Customer . .
Service to confirm product %ﬁ?g—ﬁ:ﬁrﬁ
{availability.) ndf fomat)
lo1- Automatic Dual Level Self- up o 300 sq. ft. [None Tech Sheet Installation Specifications fTemplate
i DLA00 Adjusting Wall Switch, 120/277 instructions {Word Format) {7 to ] sca
‘ [VAC {Conlact Novitas Specifications (pdf
Customer Service to confirm Rt ;,g?n’i"s 2
product availability.) foman)
httn/forwrw nnvitag com/Prodncte/Pradnctinformation/nroducts him 12747003
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01-PCt {indoor photocell sensor findoor Use Controller & Tech Sheet Installation Specifications - [Template
Swilchpack Instructions {Word Format) ¥/ 1o { sca
Specifications (pdf]
fomat) ..
01-PCO [Outdoor photocell sensor Outdoor Use Controller & Tech Sheet Installation Specifications - [Template
Switchpack Instructions (Word Formal} }f 1o ] sea
Specifications (pdf]
. ) fomay
01-PCA {Atrium photocell sensor For Atriums Controller & Tech Sheet Installation Specifications - {Template
Switchpack Instructions (Word Format) {716 1 sca
Specifications (pdf]
) . Fornal) o0
01-PCS {Skylight photocell sensor For Skylights Controller & Tech Sheet Installation "Specifications - {Template
Switchpacjs instrictions (Word Format) {7t ] sca
Specifications (pdf]
) ) . fomat) i
01-PD}  {indoor photodiode sensor {indoor Use None Tech Sheet Installation -} Specifications  [Template
‘instructions {Word qumat) ‘Y101 sca
Specifications (pdf]
02-PCC |Photocell controlier None Tech Sheet Installation Specifications . {Template
Instruetions (Word Format) “§/ 10 1 sca
Specifications (pdff .
. fomat) .
04-011 Adapter plate for ceiling None Does Not | Does Not Apply | Does Not Apply Does No
[sensors Apply :
05-030 |Digital Wall Switch Timer Does Not Apply None Tech Sheet Installation Specifications  |Does No
Instructions {Word Format)
Specifications (pdf]
, , fomat)
12-021 Sensor guard for Models 01~ None Does Not | Does Not Apply | Does Not Apply [Does No
60 - 01-094 & 01-170 Apply
412-030 [Sensor guard for Novitas None Does Not | Does Not Apply | Does Not Apply {Does No
Models 01-100/01-160/01-180 Apply
12-040 Sensor guard for Novitas None Does Not | Does Not Apply Does Not Apply jDoes Na
Models 01-100 & 01-190 Apply
12-050 Sensor guard for Model 01-300 None Does Not Does Not Apply Does Not Apply [Does Na
Apply
12-080 Sensor guard for Model 01-320 None Does Not | Does Not Apply Does Not Apply Does No
Apply
12-070  {Sensor guard for Model 01-340 [None Does Not | Does Not Apply | Does Not Apply JDoes No
Apply
13-041 EMS/BAS Switchpack None Tech Sheet | Does Not Apply Specifications {Template
(Woird Format) {7 to ! sca
Specifications (pdf
fomat
13-051 Heavy duty switchpack with None Tech Sheet {1 Does Not Apply Specifications  {Templale
zero-crossing; 1201277 VAC (Word Format} §/ 10 1 sca
Specifications (pdf]
fomat)
13-061 Heavy duty switchpack; 347 None Tech Sheet  } Does Not Apply Not Available [Template
[VAC : 116 1 sca
13-071 Heavy duty None Tech Sheet | Does Not Apply” Not Available Template
switchpack;220/240 VAC [ 101 sca

httn/lararar navitae ram/Pradicte/Pradnctinfarmation/nrodnets htm
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Technology
LED Traffic Lights

Energy Savings - kWh
The energy savings varies for red, green and yellow signals. Savings also varies
for round lamps, arrows and pedestrian signals. Extra detail on California,
Wisconsin and Texan programs is attached.

In general savings are greater on car traffic signals and costs for the lamps are
generally less than for pedestrian signals. The recommendations include a
breakdown between the two types of signals.

Traffic signal (per lamp average) 275 kWh, .085 KW
Pedestrian signal 150 kWh, .044 KW

Summer Peak Savings
See information above, and attachments

Measure Life
Lamps rated for 30,000 to 40,000 hours which would provide for a 10 to 15 year
life on traffic signal lights. We have seen municipalities plan for a 5 to 7 year
change out schedule. Assume 6 years.

Initial One-Time Cost
Lamp costs vary significantly. Green generally cost 50% more than yellow or
red. Pedestrian lamps generally 50% to 100% more expansive than traffic lamps.

Traffic Signals $50/lamp

Pedestrian $100/1amp
Suggested Incentive

Traffic Signals $10/lamp

Pedestrian $5/lamp

We have seen incentives recently as high as $35/lamp (even higher when
technology first became available) but feel lower incentives are adequate.

With a $10 incentive paybacks are often in the 3 to 4 year range based on energy
savings. There is also a substantial labor savings in lamp change outs hat make
the overall payback much more favorable.

Requirements
There are Energy Star Program Requirements for LED Traffic Signals. Partner
Commitments and Eligibility Criteria are attached.






Signals must be connected to a metered electric service. Some utilities charge
municipalities per fixture or per intersection for traffic lights.

Existing Energy Standards
Energy Star. Guidelines attached.

Source of Info
LED Traffic signal programs from Texas, California and Wisconsin. Energy Star
website. Manufacturers website.






ENERGY STAR® Program. Requrrements
for Trafflo S:gnals '

BPARTNER Partner Commitments

Commrtment

“The followxng are the terms of the ENERGY STAR Partnershlp Agreement a I
manufacturing of ENERGY STAR quahf ied traffic srgnals The ENERGY STAR Partner niust adhere to
the followmg program requzrements - , , _ e

. comply with current ENERGY STAR Eligibility Criteria, def‘ ining the' performance cr ;

be met for use of the ENERGY STAR certifi cation mark on traffic signals. ands i

- ‘testmg crltena fof traffic. sxgnals EPA may, at its drscretqon condug;t tests on produ Ne

“reférred to as ENERGY STAR qualified. These products may be obtained on th.‘: pen mark
voluntarily supphed by Partner at EPA’s request; e

. k comply wrth current ENERGY STAR Loqo Use Gusdehnes descnbmg how the : “"ERGY STAR
labels and name may be used: Partner is responsible for, adhenng fo. these gu;delmes and for
ensuring that its authorized representatwes such as advertising agencres dealers, and

distributors, are also in compliance;

. qualify at least one ENERGY STAR labeled traffic signal model within one year of activating the
traffic mgnals portion of the agreement When Partner qualifies the product, it must meet the
specification (e. g., Tier 1 or2)i in effect at that time;

. provide clear and consrstent labeling of ENERGY STAR qualn‘” ied traffic srgnals The ENERGY
STAR Iabel must be clearly displayed on the product packagmg, in product litérature (i.e., User
manuals, spec sheets, etc.), and on the:manufacturer's Internet site where rnformatron about
ENERGY STAR qualified modéls is displayed;

. provide to EPA on an annual basis, an updated list of ENERGY STAR quahfymg trafﬁc srgnal
models. Once the Pariner submits its first list of ENERGY STAR labeled traffic signal: models, the
Partner will be listed as an ENERGY STAR Partner. Partner must.provide annua! updates in
order to remain on the list of participating product manufacturers;

. . provide to EPA, on an annual basis, unit shipment data or other market lndrcators to assistin
determining the market penetration of ENERGY STAR. Specifically, Partner must st
number of ENERGY STAR qualified traffic signals shipped (in units by model) or an equnvalent
measurement as agreed to in advance by EPA and Partner. Partner is also encouraged to
provide ENERGY STAR qualified unit shipment data segmented by meaningful product
characteristics (e.g., capacity, size, speed, or other as relevant), total unit shipments for each .
model in its product line, and percent of total unit shipments that qualify as ENERGY STAR. The
data for each calendar year should be submitted to EPA, preferably in electronic format, no later
than the following March and may be provided directly from the Partner or through a third party.
The data will be used by EPA only for program evaluation purposes and will be closely controlled.
If requested under the Freedom of Information Act (FOIA), EPA will argue that the data is exempt.
Any information used will be masked by EPA so as to protect the confidentiality of the Partner;

. notify EPA of a change in the designated responsible party or contacts for traffic signals within 30
days.

ENERGY STAR Program Requirements for Traffic Signals 1




Performance for Special Distinction -

Partnership, the ENERGY STAR Partner may consider the following voluntary measures ary
EPA informed on the progress of these efforts:

.

"be as srmple

in order to receive additional reoognmon and/or support from EPA for its efforts withi

consider energy efficiency improvements in company facilities and pursue the ENERGY STAR
label for buildings;

purchase ENERGY STAR labeled products. Revise the company purchasing or procurement
specifications to include ENERGY STAR. Provide procurement officials’ contact information.to. ,

[EPA for periodic updates apd coordmatlon Clrculate general ENERGY STAR labeled product
'mformaﬂonio employees ure ir hom :

ensure the power management feature is enabled on all ENERGY STAR qualifiéd monitors iii se
in, company facilities, partlcularly upon mstallatlon and after servxce lS performed

. feature the ENERGY STAR label(s) on Partner Web site and in other promotional materials. If
»lnformatlon oncerning S g NET pro

section on the'ENERGY STAR Webélte at wivw. enerqutar gov), EPA rnay provxde lmks where
appropriate to the Partner Web site,

provrde a srmple plan to EPA outllmng specnf‘ c measures Partner plans to undertake beyond the
program requirernents listed abdve. By domg so, EPA may be able to coordinate, communicate,
and/or promote Partner’s activities, provide an EPA representative, of include hews ‘about the
event in the ENERGY STAR newsletter, on the ENERGY STAR Web pages, etc. The plan may
rov:dmg a list of planned actlvmes or planned mllestones thét Partner would like
EPA to be aware of, For example activities may includer {1) increase the: avallablllty of ENERGY
STAR 1abeled products by corverting the éntire product line’ wnthm two years to meet ENERGY
STAR guidelines; (2) demonstrate the economic and environmental benefits of energy efficiency
through spectal in-store displays twice a year; (3) provide information to users (via the Web site
and user's manual) about energy—savmg features and operating characteristics of ENERGY STAR
qualrF ed produrts and (4) buitd awareness of the ENERGY STAR Partnershlp and brand identity
by collaborating with EPA on oné pnnt advertorial and one live press event:

provide quarterly, written updates to EPA as to the efforts undertaken by Partner to increase
avallabrllty of ENERGY STAR qalifi ed products, and to promote awareness of ENERGY STAR
and itg message

ENERGY STAR Program Requirements for Traffic Signals 2




ENERGY STAR® Program Requrrements
for Trafflc Signals .

Eligibility Criteria

_ Below is the product specrf" ication (Versno .1;1) for ENERGY STAR dGualified traffic signals. A product
must meet all of the identified criferia if it is to be qualified as ENERGY STAR by rts manufacturer

Thrs traffic s:gnal specrf catlon is based on a low energy requxrement and confo i ance to the lnstrtute for
g h b ;

"Part 2: Light Emitting [
LED technology meet:
traffic signals. However, pe y.
specification and ITE's VTCSH Part 1 or Part 2 requlrements ora futur
Manufacturers are encouraged to contact EPA wrth such technology. Q_n_lx
requirements. ¢

levant ITE specifi ication.
if ;they are able to meet such

1) Definitions: Below lS a bnef descnptton of an LED traff ’c signal and related: erms as relevant to
ENERGY STAR. ' o ‘

A. Vehicular Traffic Signal: A power-operated illuminated traffic control”dev‘lg:je, other than a barricade
warning light or a steady illuminated lamp, by which traffic is warned or directed to take some specific
action.

B.. Modules: Standard 8-inch (200 mm) or. 12-inch (300 mm).round traffic signal indications (balls).
They.consist of: the«hght source and the lens (usually a sealed.unity that communicate: movement
messages (stop, caution or prepare to stop, and go) to drivers through red, yellow, and green colors.
Arrow modules in-the sarne colors .are used to indicate tuming movements Pedestrian modules ‘are
used-to convey- movement infarmation to'pedestrians. e

C. Traffic Slqnal Head The combination of the traffic signal housmg, with the modulés (red yellow,
and green) installed in it. The head typically contains three modules and the necessary wmng,
although it may also include arrow modules )

D. LED Lamps or LEDs: The mdlvxdual llght-emltlmg diodes (LEDs) which can be seton a crrcunt
board in‘any arrangement E

E. LED Traffic Slqnal The genenc term used to describe the combmatron of slgnal heads or modules
that use LEDs as the sotirce of light. The combination also incorporates the housing unlt at an’
intersection along with any internal components and support structures.

2) Qualifying Products: For the purposes of ENERGY STAR, LED traffic signal modules include the
following:

A. LED Vehicular Traffic Signal Modules, including Arrow Modules
B. LED Pedestrian Signal Modules

Other (non-LED) technology products may be considered if they meet ITE's VICSH Part 1 or 2 (or
other relevant future ITE specification), as well as the requirements of this specification.

3) Energy-Efficiency Specifications for Qualifying Products: Products listed in Section 2 that meet the
criteria outlined in Table 1 below and that meet the minimum performance requirements of the

ENERGY STAR Program Requirements for Traffic Signals : g -3




appropriate. ITE specification (either, current or fature) may qualify:as ENERGY STAR.
requirements in the table betow are to be met by the individual module, not the traffic sign
defined in Section 1(C). These lévels include power demand from the LED power circu

Table 1: Energy-Efficiency Criteria for ENERGY STAR Qualified Traffic Signal Médiiles

Maximum . | Nominal
. Waltage | Wattage

| Module Type o (at 74°C) (at 25°C)
Redsal 2 I
. : 8"RedBal| PR o : o) - o 1 gl

12" Green Arrow

Combination Walking ' Man/Hand
Walking Man 12 9
OrahgeHand  ~~ ~ ~ | = 18] - 13]

4) Test Criteria: The products must meet the minimum performance requirements.of thie relevant ITE
specxﬁcatron and be tested under the condmons -presentedin Sectlon 64: 2 of'the VTCSH Part 2;

5). Effectlve Date: The date that manufacturers may begm to qualify products as ENERGY STAR will be
defined as the effective date of the agreement. The ENERGY: STAR Traffic' Signal specification is
effectrve xmmednately

B6) Future Specifi catton Revisions: ENERGY STAR reserves the nght to change the specifi ication should
technological and/or market changes affect its usefuiness to consumers, industry, or'the environment.
In‘kKeeping with current policy, revisions to the spécification will be arrived at through mdustry
discussions. Specifically with regard to traffic signals, EPA expects that revisions'te this spécification

. will be discussed once the ITE specification is final for arrows and pedestnan heads. In addition,
dlscussmn will be necessary ‘once lTE compllant amber balls and arrows are deve!oped and niarketed
by manufacturers.

ENERGY STAR Program Requirements for Traffic Signals 4
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Technology

Plug Load Occupancy Control

Energy Savings — KkWh

Computer Monitors Continuous Use 50 to 80 watts

Standby Mode 0 to 12 waits Avg. Est. = 8 walts.
Computer Continuous 55 to 75 watis

Energy Saver Mode 20 to 30 watts
Lighting 1 lamp 18” T-8 or T-12 19 watts

magnetic/std

2 lamp 18" T-8 or T-12 36 watts

magnetic/std

1 lamp 24” T-8 or T-12 26 watts

magnetic/std

2 lamp 24" T-8 or T-12 52 watts

magnetic/std

1 lamp 36" T-8 or T-12 46 watts

magnetic/std

1 lamp 24” T-8 electronic 16 watts

2 lamp 24" T-8 electronic 31 watts Avg. Est. = 30 watis
Laser Printers Continuous Use 130 to 550 watts

Idle Use 10 to 125 watts Avg. Bst. = 50 waltts
Copiers Continuous Use 400 to 1100 watts

Idle Use 20 to 300 watts Avg. Est.= 120

watts

Fax, stamp machine, Idle Use or Energy Saver Avg. Est. = 50 watts
scanner ete. Mode

Savings per work area — Assume only monitor and lighting left on in 25% of areas for an

average of 10 hours/day (including weekends)

(8 watts + 30 watts) x 10 hours/day x 365 days/year x .25 = 139 kWh

1000 watts/’kWh
Savings per document station

(50 + 120 + 50) x 10 hours/day x 365 days/year x .25 = 803 kWh
1000 watts/’kWh

Please note that work station savings could be significantly greater with assumption of
additional loads (fans, heaters, radios, etc) or increase in 25% savings factor.

Summer Peak Savings
Assume reduction only during unoccupied periods.

Measure Life



5 years. Occupancy control equipment will likely last longer but measure life reduced
because of probability of bypass or non-use because some versions of this technology are
not hard wired.

Initial One-Time Cost
Vary widely from low of $80 for single office/cubicle or document station occupancy
sensor with plug load powerstrip. Outlets wired to a separate switch (i.e. — no rewiring)
can also provide for installations below $100.

Cost in new construction to wire outlets separate from computer circuit is also a modest
and highly variable cost ($50 to $250). Could tie control into lighting circuit and sensor
to enhance economics.

Controls companies and some office cubicle manufacturers are offering “Personal
Environmental Modules” which are individual space controls. Cost usually several
hundred dollars and up.

Several hundred dollar cost likely for rewiring on document stations and individual work
spaces without proper circuitry or where plug load powerstrip and occupancy sensor
don’t work.

Based on above, assume $150 average cost although variable from $80 to $400+.

Any Recurring Costs
None

Suggested Incentive
$15/work station (Individual office or cubicle)
$40/central document station (Multi user area with fax, copier, printer, etc.)

1t’s possible that document station can be controlled by a single power strip with sensor
at a cost of $80 to $100 which would result in a high percentage incentive.

Requirements
Control of at least two devices in workstation (task lighting, monitor, printer, fax, space
heater, fan, etc)
Control of at least three devices in central document station

Advise against controlling computers with occupancy control.

Existing Energy Standards
None Found

Source of Info
June 2000 ASHRAE Journal Study, 2001 ASHRAE Fundamentals, manufacturers
websites
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From Office Equipment

By Chti;fbpher Wilkins, PE.  and
‘Member ASHRAE

M.H. Hosni, Ph.D.
Member ASHRAE

SHRAE Technical Committee 4.1, Load Calculation Methods,
has completed two recent research projects and the results will
i be ofinterest to engineers who perform cooling load calculations.

ASHRAE Research Project RP-822 focused on development of a method
by which the actual heat gain and radiant and convective split from equip-
ment in buildings could be measured [Hosni et al., 1996]. This methodol-
ogy then was incorporated into a second research project, RP-1055, where
the techniqué was applied to a wide range of equipment [Hosni et al., 1999].
A research team at Kansas State University, led by M.H. Hosni, completed
both of these reseaich projects. This research was followed up indepen-
dent research by Wilkins and McGaffin, 1994.

The independent research by Wilkins
and McGaffin produced significant data
on the oyerall building load as measured
at panels serving distinct areas within a
building. Data was also collected on the
measured power consumption of indi-
vidual items of office equipment. The TC
4.1 research as executed by Hosni et al,,
expanded on this by obtaining data in a
more controlled and formal manner.

Hosni’s work for TC 4.1 also included
measurement of the radiant and convec-
tive split of the heat gain from the equip-
ment. Documentation relative to radiant
and convective split is relevant when
using advanced load methods.

Research Project RP-1055 obtained
heat gain measurements from office, labo-
ratory, and hospital equipment. The final
effort of thisresearch was to take the col-
lected data and identify patterns or gen-

A,_I:iRAE’s Online Magazine
(ww.ashraejournal.org

June 2000

eralizations that could be widely used for
common applications. It was discovered
that results for general office equipment
could be generalized, but results from
laboratory and hospital equipment
proved too diverse.

Here we will present generalized guide-
lines based on the results of all previously
mentioned research for office equipment.
The reader is encouraged to consult the
project’s final report and the technical
paper (Hosni et al., 1999) for detailed dis-
cussions of results for laboratory and
hospital equipment.

Nameplate vs. Measured

It is now well documented that name-
plate data overstates the actual power
consumption of office equipment. Power
consumption of this type of equipment is
assumed to be equal to the total (radiant
plus convective) heat gain. Many engi-
neers would find it convenient if a stan-
dard number or ratio could be applied to
all nameplate data to obtain a useful esti-

mation of the actual heat gain. All re-
search completed to date, however, sug-
gests that this is not possible.

In Hosni etal., 1999 work as part of RP-
1055, they found that for general office
equipment with nameplate power con-
sumption of less than 1,000 W, that the
actual total heat gain to nameplate ratio
ranged from 25% to 50%. When all tested
equipment was considered, the range was
broader. The conclusion was that if the
nameplate was the only information known
and no actual heat pain data were avail-
able for similar equipment, then it would
be conservative to use 50% of nameplate
and most accurate if 25% of nameplate were
used. Wilkins and McGaffin also found a
wide range in this ratio.

Use of this type of blanket ratio could
introduce a large degree of error into cal-
culations. Nameplate data for similar
equipment varied widely but the actual
measured heat gain data was consistent.
Applying a generalized ratio could infro-
duce an error of 100% or more. Much bet-
ter results can be obtained by consider-
ing the heat gain as being predictable
based on the type of equipment, not
based on nameplate data.

Results by Equipment Type
The data collected in RP-1055 for all

About the Authors

M.H. Hosni, Ph.D., is professor of mechanical en-
gineering and the diredor of the Insfitute for Envi-
ronmental Research ot Kansos State University. He
has been the prindpol investigator {P1) and Co-Pl
for RP-822 and RP-1055. Ha is the chair of the Hand-
book Commities for ASHRAE Technical Committee
(1€} 5.3, Room Air Distribufion. Christopher
Wilkins, RE., is group leader for Hollom Assodates
in Burlington, V1. He is o member of TC 4.1, Load
Calewlotion Datu and Protedures, ond TC 4.12, Inte-
grated Building Design.
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equipment tested was sorted and reviewed in an attempt to | EERERRETEY o e o
identify trends or generalizations that could be presented for - SENNSIENRIENNN (-1 1)\
use by practicing engineers. It was discovered that clear pat- ; e tr
terns could be established for office equipment but that labora-
tory and hospital equipment was too diversé to be generalized.
Office equipment was grouped into categories such as comput-
ers, monitors, printers, facsimile machines, and copiers. Results
for the measured heat gain of equipment within a given group
were then analyzed to establish patterns.

Table 1: Typical heat gain from compptgrs., o

Computers

Hosni et al. tested a total of eight com-
puters of Pentium or 486 grade. Four were
tested together with a monitor and four
weretested alone. The measured maximum
ranged from 52 W to 70 W. The nameplate
-power ranged from 165 Wto 759 W. The
heat gain from computers tested with moni-
tors was determined by subtracting a typi-
cal value for a monitor from the total of the
two. Wilkins and McGaffin reported data
on 12 computers of 486 grade and older.
The average heat gain for the 12 was 56 W
and the average nameplate was 391 W.
‘The average heat gain for all 20 computers
i, tested was 35.6 W. An advertisement for the print edition formerly in this space.
- Theheat gain from computers showed
little reduction when idle versus opera-
tional. The exception was computers
equipped with the Energy Star energy-
saver feature. This feature will place a
computer in a “sleep” mode if it remains
idle for a preset period of time. Hosni et
al., 1999 found that the heat gain reduced
to a typical value of 18 W when in sleep
mode. This sleep mode on an individual
piece of equipment likely will not affect
the peak-cooling load but it could affect
the diversity factor and maximum heat
gain of larger areas within a building.

Two conclusions can be drawn from
these data. The first is that nameplate data
on computers should be ignored when per-
forming cooling load calculations. The sec-
ond is that a typical value for heat gain
from a computer can be established and
applied in cooling load calculations to ob-
tain practical results, Engineers typically
want to be conservative in cooling load
calculations. Table I allows engineers to
choose heat gain values for computers
with varying degrees of safety factor.

- Monitors

The magnitude of the nameplate power
consumption for all monitors tested by
Hosni et al. ranged from 168 Wto 565 W.
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Table 3: Typ?c&l heat gdin from laser printers.

The measured maximum total heat gain of all monitors tested
ranged from 53 Wto 86 W. The monitors tested ranged from 14
in. to 20-in. (36 cm to 51 cm). Hosni et al., 1999 found that the
measured total heat gain correlated closely with monitor size.
Hosni et al., 1999 developed the following relationship to esti~
maté the heat gain from monitors as a function of monitor size:

Heat Gain =5 x 5§20

Where S is the monitor size in inches and heat gain is in units
of watts. For example, a 15 in. (38 cm) monitor would have a heat
gain of 55'W. .

Wilkins and McGaffin did not sort their data by monitor size.
They presented data on 10 monitors (13 in.to 19 in. [33 cmto 48
cm}) and found that the average value for the heat gain was 60
W. Their testing was done in 1992 when DOS still was used and
the Windows operating system was being introduced. They
discovered that monitors displaying Windows consumed more
power than monitors displaying DOS. Table 2 is a quick refer-
ence for engineers who may prefer a table to an equation. The
energy-saver mode for monitors reduces the power consump-
tion and heat gain to zero. Table 2 is derived from research by
both Hosni and Wilkins.

Laser Printers

Hosni et al., 1999 found that the power consumed by laser
printers, and therefore the heat gain, depended largely on the
level of throughput for which the printer was designed. Tuble 3
presents data on four general categories of laser printers. Hosni
etal., 1999 opined that smaller printers are used more intermit-
tently and that the larger printers may ran continuously for
longer periods of time.
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Table 5: Typical heat gain from miscellaneous equipment.

These data can be applied in at least two ways. The most
obvious is to take the value for continuous operation and then
apply an appropriate diversity factor. Diversity factors are dis-
cussed further later. This likely would be most appropriate for
larger open office areas. Another approach could be to take the
value that most closely matches the expected operation of the
printer with no diversity. This may be appropriate when consid-
ering a single room or small area. ‘

Copiers .

Hosni et al., 1999 presented data on a total of five copy
machines. Copy machines were counsidered to be of two types,
desktop and office. Office-type copiers represented freestand-
ing office grade copiers. Larger machines used in production
environments were not addressed. Table 4 represents a sum-
mary of the results. Hosni et al., 1999 observed that it would be
unlikely that desktop copiers would be operated continuously
but that office copiers were of the type that often are operated
continuously for periods of an hour or more.

Freestanding office-type copy machines often are installed
in rooms outside the primary occupied area of an office. These
copy rooms generally can tolerate a short-term increase in tem-
perature caused by a period of continuous copier operation.
Engineers must consider each application and determine the
appropriate mode of operation.

Miscellaneous Equipment

Table 5 lists a few other types of equipment that may be
encountered. Values for facsimile machines and image scan-
ners are based on data from Hosni et al., 1999. The values pre-
sented for dot matrix printers are compiled from data presented
by Hosni et al., 1999 and by Wilkins and McGaffin, 1994.

Diversity

The actual peak heat gain for all equipment in a common area
of a building is less than the sum of the peak for each because
of usage diversity. It is important to have a clear understanding
of what diversity is, if the data presented here is to be applied
accurately. Diversity, as discussed here, is not related to the
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Figure 1: Load factor comparison.

discrepancy between nameplate data and the measured heat
gain. Diversity enters into the equation when some equipment
is idle or turned off and is not contributing its maximum heat or
power to the overall cooling load of a given space or system
within a building.

Wilkins and McGaffin were able to measure diversity with a
combination of measurements at dedicated equipment power
panels and detailed inventories of equipment in the areas served
by the panels. Their work encompassed 23 areas within five
different buildings totaling more than 275,000 f* (25 550 m?).
The first step was a survey to account for every piece of equip-
ment in the space and to measure the power consumption of
each. The peak power consumption (assumed to be equal to
peak totdl heat gain) of all equipment was summed to provide a
value for the maximum possible total heat gain of the equipment
in the area.

Continuous measurements were taken for a period of one
workweek at the equipment panels serving the area. Care was
taken during the survey to assure that only receptacles wired
to the equipment panels were powering equipment. The peak
power consumption recorded at the equipment panel repre-
sented the actual peak total heat gain of all equipment in the
space. The ratio of the measured peak at the equipment panels
and the sum of the maximum of each individual item of equip-
ment is the usage diversity.

Diversity was found to range between 37% and 78% with
the average (normalized based on area) being 46%. Figure [
illustrates the relationship between nameplate, the sum of the
peaks, and the actual with diversity accounted for. Figure I is
taken from Wilkins and McGaffin and is based on the average
of the total area tested. Data on actual diversity can be used as
a guide but diversity will vary significantly for spaces with
different occupants. The proper diversity factor for an office of
mail order catalog telephone operators will be different from
that of an office of sales representatives who travel regularly.

Heat Gain per Unit Area

Wilkins and McGaffin found in the areas that they tested
that the actual heat gain per unit area ranged from 0.44 W/f¢ th
1.05 W/i* with an average (normalized based on area) of 0.81
W/, These data were compiled based on 275,000 f* (25 550
m?) of office space in five buildings. These spaces were fully
occupied and highly automated with a computer and monitor at
every workstation. Table 6 presents a range of load factors
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Table 6: Typical equipment load factors.

with a:subjective description of the type of space to which they
would apply. ,

Wilkins and McGaffin performed tests in 275,000 £ (25 550
m?) of highly antomated spaces, comprising 21 unique areas in
five different buildings. The maximum load factor they reported
was 1.08 W/R% This corresponds to a medium load density
space based on the subjective classifications presented in Tuble
6.1t is likely that the medium load density will be appropriate for
most standard office spaces. Medium/heavy or heavy load den-
sities may be encountered but can be considered extremely
conservative-estimates even for densely populated and highly
automated spaces. Other research supports this, including work  Table 7: Radiont-convective split.

An advertisement for the print edition formerly in this space.
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HEAT GAIN

by Komor in 1997. Komor performed a
consolidation of data obtained from sev-
eral sources and in all cases, his findings
were consistent with Table 6.

‘Radlanf Convective Split

-Office equipment produces both radi-
ant and convective heat gains. Convec-
tive heat gain is converted. instantly to
cooling load while radiant heat gain is

absorbed first by the building mass and
then converted to cooling load ¢ over time.
This distinction can impact the time and
the magnitude of the peak cooling load.
Hosnietal,, 1998 developed amethod to
measure rachant heat gain from equipment
using a net- radlometer mounted on an
articulatirig arm.

Hosni et al., 1999 found that the radi-
ant—convecnve spht for equipment was

An advertisement for the print edition formerly in this space.

fairly uniform. The most important differ-
entiating feature was whether or not the
equipment had a cooling fan. Tuble7isa
summary of Hosni et al., 1999 results.

Future Trends

The data that we have presented here
is based on contemporary equipment. The
relevance of these data in the future is
certainly a legitimate ‘question. The
Lawrence Berkley National Laboratory
sponsored research in 1995 and reported
that equipment energy intensity will de-
crease until 2002 and then begin to in-
crease slowly through 2010. To date, this
prediction has proven accurate. It is likely
that the data presented here will be rel-
evant for several more years.

Conclusions

Heat gain from equipment is an impor-
tant contributor to the overall heat gain
of a space. The information presented in
this article should be a useful tool to en-
gineers performing cooling loads or en-
ergy analyses. We also hope that equip-
ment manufacturers understand the im-
portance of nameplate values for cooling
load calculations and take appropriate
steps to provide more realistic power con-
sumption information.
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Data Assembly

Building Characteristics. Obtain characteristics of the building.
Building materials, component size, external surface colors, and
shape are usually determined from building plans and specifications.

Configuration. Determine building location, orientation, and
extemnal shading from building plans and specifications. Shading
from adjacent buildings can be determined by a site plan or by vis-
iting the proposed site but should be carefully evaluated as to its
probable permanence before it is included in the calculation. The
possibility of abnormally high ground-reflected solar radiation (i.e.,
from adjacent water, sand, or parking lots) or solar load from adja-
cent reflective buildings should not be overlooked.

Outdoor Design Conditions. Obtain appropriate weather data,
and select outdoor design conditions. For outdoor design conditions
for a large number of weather stations, see Chapter 27. Note, how-
ever, that these values for the design dry-bulb and mean coincident
wet-bulb temperatures may vary considerably from data tradi-
tionally used in various areas. Use judgment to ensure that results
are consistent with expectations. Also, consider prevailing wind
velocity and the relationship of a project site to the selected weather
station.

In recent years, several research projects have greatly expanded
‘the amount of available weather data (Colliver et al. 1995, 1998,
2000). In addition to the conventional dry-bulb with mean coinci-
dent wet-bulb, data are now available for wet-bulb and dew-point
with mean coincident dry-bulb, The peak load for a space that
requires both large quantities of outside air and close control of
moisture may occur at peak wet-bulb or peak dew-point conditions
when the corresponding dry-bulb temperature is significantly lower
than normal design conditions.

Indeor Design Conditions. Select indoor design conditions,
such as indoor dry-bulb temperature, indoor wet-bulb tempera-
ture, and ventilation rate. Include permissible variations and con-
trol limits.

Operating Schedules, Obtain a proposed schedule of lighting,
occupancy, internal equipment, appliances, and processes that con-
tribute to the internal thermal load. Determine the probability that
the cooling equipment will be operated continuously or shut off dur-
ing unoccupied periods (e.g., nights and/or weekends).

Date and Time. Select the time of day and month to do the cool-
ing load calculation. Frequently, several different times of day and
several different months must be analyzed to determine the peak
load time. The particular day and month are often dictated by peak
solar conditions. For southern exposures in north latitudes above
32° having large fenestration areas, the peak space cooling load usu-
ally occurs in December or January. To calculate a space cooling
load under these conditions, the warmest ternperature for the winter
months must be known. These data can be found for the United
States in Chapter 27, Table 4B.

Additional Considerations

The propes design and sizing of all-air or air-and-water central
air-conditioning systems require more than calculation of the cool-
ing load in the space to be conditioned. The type of air-conditioning
system, fan energy, fan location, duct heat loss and gain, duct leak-
age, heat extraction lighting systems, and type of return air system
all affect system load and component sizing. Adequate system
design and component sizing require that system performance be
analyzed as a series of psychrometric processes.

HEAT SOURCES AND HEAT GAIN
CALCULATION CONCEPTS

TIME DELAY EFFECT

The energy absorbed by walls, floor, furniture, etc., contributes
to space cooling load only after a time lag, with some part of this

29.3
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LIGHTS :OFF
TIME HOURS

LIGHTS ON

Fig.2 Thermal Storage Effect in Cooling Load
from Lights

energy still present and rexadiating after the heat soumcs havc bccn
switched off or are no longer present (Figure 2). ‘

There is always significant delay between the time of sthchmg
on or otherwise activating a heat source and the point when reradi-
ated energy equals that being instantaneously stored. This time lag
must be considered when calculating cooling load because the load
felt by the space can be muchlower than the instantanedus heat gain
beéing generated, and the peak load for the space may be affected
significantly. .

PEOPLE

Table 1 gives representative rates at which heat and moisture are
given off by human beings in different states of activity. Often
these sensible and latent heat gains constitute a large fraction of the
total load. Even for short-term occupancy, the extra heat and mois-
ture brought in by people may be significant. Chapter 8 shold be
consulted for detailed information; however, Table 1 summarizes
design data representing conditions commeonly encountered.

The conversion of sensible heat gain from people to space cool-
ing load is affected by the thermal storage characteristics of that
space, since some percentage of the sensible load is radiant energy.
Latent heat gains are considered instantaneous.

LIGHTING

Because lighting is often the major space ooohng load compo-
nent, an accurate estimate of the space heat gain it imposes is
needed. Calculation of this load component is not straightforward;
the rate of cooling load due to lighting at any given moment can be
quite different from the heat equivalent of power supplied instanta-
neously to those lights,

Instantaneous Heat Gain from Lighting

The primary source of heat from lighting comes from light-emit-
ting elements, or lamps, although significant additional heat may be
generated from associated appurtenances in the light fixtures that
house such lamps. Generally, the instantaneous rate of heat gain
from electric lighting may be calculated from

G =341WF,F 8]

where
9. = heat gain, Btu/h
W = total light wattage
F; = lighting use factor
F,, = lighting special allowance factor
The total light wattage is obtained from the ratings of all lamps
installed, both for general illumination and for display use.

The lighting use factor is the ratio of the wattage in use, for the
conditions under which the load estimate is being made, to the total
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Tablel Representative Rates at Which Heat and Moisture Are Given Off by Human Beings in Different States of Activity

Total Heat, Btuwh Sensible Latent % Sensible Heat that is
, Adult  Adjusted,  Heat,  Heat, Radiant”
Degree of Activity Location Male M/F® Btwh Btwh TowV HighVv
Seated at theater Theater, matince 390 330 225 105
Seated at theater, night ‘Theater, night 390 350 245 105 60 27
Seated, very light work Offices, hotels, apartments 450 400 245 155
Moderately active office work Offices, hotels, apartments 475 450 250 200
Standing, light work; walking Department store; retail store 550 450 250 200 58 38
Walking, standing Drug store, bank 550 500 250 250
Sedentary work Restaurant® 490 550 275 275
Light bench work Factory 800 750 275 475
Moderate dancing Dance hall 900 850 305 545 49 35
Walking 3 mph; light machine work Factory 1000 1000 375 625
Bowling? Bowling alley 1500 1450 580 870
Heavy work Factory 1500 1450 580 870 54 19
Heavy machine work; lifting Factory 1600 1600 635 965
Athletics Gymnasiom 2000 1800 710 1090
Notes: ) 85% of that for an adult male, and that the gain from a child is 75% of that for an

1. Tabulated values are based on 75°F room dry-bulb temperature. For 80°F room
* dry bulb, the tmal heat remains the same, but the sensible heat values should be
decn:ased by approximately 20%, and the latent heat values increased secord-

ingly.
2. Also refer to Table 4, Chapter 8, for additional rates of metabolic heat generation.
3. All values are rounded to nearest 5 Bu/h.
*Adjusted heat gain is based on pormal percentage of men, womean, and children
for the. application listed, with the postulnte that the gain from an adult female is

“» installed wattage. For commercial applications such as stores, the

-use factor would generally be unity.

" The special allowance factor is for fluorescent fixtures and/or
fixtures that are either ventilated or installed so that only part of
their heat goes to the conditioned space. For fluorescent or high-
intensity discharge fixtures, the special allowance factor accounts
primarily for ballast losses. Table 2 shows that the special allowance
factor for a two-lamp fluorescent fixture ranges from 0.94 for T8
lamps with an electronic ballast to 1.21 for energy-saver T12 lamps
with a standard electromagnetic ballast. High-intensity discharge
fixtures, such as metal halide, may have special allowance factors
varying from 1.07 to 1.44, depending on the lamp wattage and quan-
tity of lamps per fixture, and should be dealt with individually. A
wide variety of lamp and ballast combinations is available, and bal-
last catalog data provide the overall fixture wattage.

For ventilated or recessed fixtures, manufacturers’ or other data
must be sought to establish the fraction of the total wattage that may
be expected to enter the conditioned space directly (and subject to
time lag effect) versus that which must be picked up by return air or
in some other appropriate manner.

Light Heat Components

Cooling load caused by lights recessed into ceiling cavities is
made up of two components: one part (known as the heat-to-space
load) comes from the light heat directly contributing to the space
heat gain, and the other is the light heat released into the above-ceil-
ing cavity, which (if used as a return air plenum) is mostly picked up
by the return air that passes over or through the light fixtures. In
such a ceiling retuin air plennm, this second part of the load (some-
times referred to as heat-to-return) never enters the conditioned
_ space. It does, however, add to the overall Joad and significantly

“influences the load calculation.

Even though the total cooling load imposed on the cooling coil
from these two components remains the same, the larger the fraction
of heat output picked up by the return air, the more the space cooling

adult male.

5 Values approximated from data in Table 6, Chapter 8, where Vis air velocity with
limits shown in that table.

©Adjusted heat gain includes 60 Btw/h for food per individual (30 Btw/h sensible and
30 Bta/h latent).

2 Figure one person per alley actually bowling, and all others as sitting (400 Btu/h) or
standing ot walking slowly (550 Bm/h).

Toad is reduced. The minimum required airflow rate for the condi-
tionied space is decreased as the space cooling load decreases. Sup-
ply fan power decreases accordingly, which ultimately results-in
reduced energy consumption for the system and. possibly reduced
equipment size as well.

For ordinary design load estimation, the heat gain for each com-
ponent may be calculated simply as a fraction of the total lighting
load by using judgment to estimate heat-to-space and heat-to-refurn
percentages (Mitalas and Kimura 1971).

Return Air Light Fixtures

Two generic types of retum air light fixture are available—those
that allow and those that do not allow return air to flow through the
lamp chamber. The first type is sometires called a heat-of-light fix-
ture. The percentage of light heat released through the plenum side
of various ventilated fixtures can be obtained from lighting fixture
manufacturers. For représentative data, see Nevins et al. (1971).
Even unventilated fixtures lose some heat to plenurn spaces; how-
ever, most of the heat ultimately enters the conditioned space from
a dead-air plenum or is picked up by return air vid ceiling retam air
openings. The percentage of heat to return air ranges from 40 to
60% for heat-to-retirn ventilated fixtures or 15 to 25% for unventi-
lated fixtures.

Plenum Temperatures

As heat from lighting is picked up by the return air, the terper-
ature differential between the ceiling cavity and the conditioned
space causes part of that heat to flow from the ceiling back to the
conditioned space. Return air from the conditioned space can be
ducted to capture light heat without passing through a ceiling ple-
num as such, or the ceiling space can be used as a return air plenum,
causing the distribution of light heat to be handled in distinctly dif-
ferent ways. Most plenum temperatures do not rise more than 1 to
3°F above space temperature, thus geperating only a relatively
small thermal gradient for heat transfer through plenum surfaces bt
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Table 2 Typical Nonincandescent Light Fixtures

5 5
] 4
o 5 s 2 & 2 5 g & &
54 5 B 8 § g £ E_3
3E % 53 51 % 838
285 i 2 gl
Description Balast B 3 3 & &< |Description Ballast 3 A R&4
Compact Fluorescent Fixtures
Twin, (1) 5 W lamp Mag-Std 5 1 5 9 1.80{ Twin, (2) 40 W lamp Mag-Std 40 2 80 8 1.06
Twin, (1) 7 W lamp Mag-Std 7 1 7 10 143] Quad, (1) 13 W lamp Hlectonic 13 1 13 15 1.15
Twin, (1)9 W lamp Mag-Std 5 1 9 11 122 Quad,(1)26 W lamp Elecwonic 26 1 26 27 1.04
Quad, (1) 13 W lamp Mag-Std 13 1 13 17 131} Quad,(2) 18 Wlamp Electronic 18 2 36 33 1.06
Quad, (2) 18 W Jamp Mag-Std 18 2 36 45 125 Quad,(2)26 W lamp Electronic = 26 2 52. 50 0.96
Quad, (2) 22 W lamp Mag-Std 22 2 44 48 1.09] Twinor multi, (2) 32 W lamp Electronic 32 2 64 62 0.97
Quid, (2) 26 W lamp Mag-Std 26 2 52 66 127
Fluorescent Fixtures
() 18in,, T8 lamp Mag:Std 15 1 15 19 1.27| (4)48in, T8 lamp Electronic 32 4 128 120 0.94
“(1) 18 in; T12 lamp MagSd 15 1 15 19 127} (1)60in, T12lamp Mag:Sd 50 1 50 63 1.26
2)18in., T8 lamip Mag-Sd 15 2 30 36 1.20] (2)60in, T12lamp Mag-Std 50 2 100 128 128
@ 18in;, T2 lamp Mag-Std 15 2 30 36 120 (1)60in,T12HO lamp Mag-Std 75 1 75 92 123
(1) 24 in,, T8 lamp Mag-Std 17 1 17 24 141} (2)60in, TI2ZHO lamp ~ Mag-Sd 75 2 150 168 1.12
(1) 24:in.,T12 lamp MagStd 20 1 20 28 1.40| (1)60in, TI2ES VHOlamp  Mag-Sid 135 1 135 165 1.22
(2) 24in,, T12 lamp Mag-Std 20 2 40 56 1.40| (2)60in, TIZES VHOlamp  Mag-Sid 135 2 270 310 L15
(1) 24 in, T12 HO lamp Mag-Std 35 1 35 62 177 (1)60in, TI2HO lamp Mag-ES 75 1 75 88 117
(2) 24 in., T12' HO lamp Mag-Sd 35 2 70 90 1.29] (2)60in, TI2Z HO lamp Mag-ES 75 2 150 176 117
(1) 24 in., T8 lamp Blectronic 17 1 17 16 094| (1)60in., T12 lamp Electronic 50 1 50 44 0.88
(2) 24+in., T8 lamp Elecwonic 17 2 34 31 0.91] (2)60in., Ti21amp Electronic 50 2 100 88 0.88
1) 36 in,, T12 lamp Mag-Std 30 1 30 46 153| (1)60in, T12 HO lamp Electronic 75 1 75 69 092
(2) 36 in., T12 lamp Mag-Std 30 2 60 81 135| (2)60in, T12HO lamp Electronic 75 2 150 138 0.92
(1) 36 in., T12 ES lamp Mag-&td 25 1 25 42 168| (1)60in, T8 lamp Electromic 40 1 40 36 090
(2) 36 in,, T12 ES lamp Mag-Std 25 2 50 73 1.46| (2)60in, T8 lamp Electronic 40 2 80 72 0.90
(1) 36 in., T12 HO lamp Mag-Sted 50 1 50 70 1.40{ (3)60in., T8 lamp Electronic 40 3 120 106 0.88
(2) 36 in., T12 HO lamp - Mag-Std 50 2 100 114 1.14| (4)60in., T8 lamp Electronic 40 4 160 134 0.84
(2) 36 in., T12 Jamp Mag:ES 30 2 60 74 123| (1)72in,TiZlamp Mag-Std 55 1 55 76 1.38
{2) 36 in., TI2 ES lamp MagES 25 2 50 66 1.32] (2)72in,T12lamp Mag-Std 55 2 110 122 111
(1) 36 in,, T12 lamp Electronic 30 1 30 31 1.03| (3)72in, T12lamp Mag-Std  55. 3 165 202 1.22
(1)36in, TIZES lamp ~ ° Blectronic 25 1 25 26 1.04] (4)72in., T12lamp Mag-Std 55 4 220 244 1.11
(1) 36 in., T8 lamp Electronic 25 1 25 24 096 (1)72in., TI2HO lamp Mag-Sd 85 1 85 120 141
2) 36 in., T12 lamp Electronic 30 2 60 58 097] (2)72in, T12HO lamp Mag-Std 85 2 170 220 1.29
) 36 in., T12 ES lamp Electronic 25 2 50 50 1.00] (1)72in, T12 VHO lamp Mag-Std 160 1 160 180 1.13
{2) 36 in., T8 lamp Electronic 25 2 50 46 0.92{ (2)72in,T12 VHO lamp Mag-Std 160 2 320 330 1.03
(2) 36 in., T8 HO lamp Electronic ~25 2 50 50 1.08| (2)72in, T12lamp Mag-ES 55 2 110 122 L11
(2) 36 in., T8 VHO lamp Electronic 25 2 50 70 1.40| (4)72in, T12 lamp Mag-ES 55 4 220 244 111
(1) 48 in., T12 lamp Mag-Std 40 1 40 55 1.38] (2)72in, T12 HO lamp Mag-ES 85 2 170 194 1.14
(2) 48 in., T12 larnp Mag-Std 40 2 80 92 L15| (4)72in, T12 HO lamp Mag-ES 85 4 340 388 1.14
(3) 48 in., T12 lamp Mag-Std - 40 3 120 140 1L.17] (1)72in,T12lamp Electronic 55 1 55 68 124
(4) 48 in., T12 lamp Mag-Std 40 4 160 184 L15| (2)72in, T12lamp Electronic 55 2 110 108 098
(1) 48 in., T12 ES lamp Mag-Std 34 1 34 48 1.41] (3)72in,TI2lamp Electronic 55 3 165 176 1.07
(2) 48 in., T12 ES lamp Mag-Std 34 2 68 82 1.21| {4)72in, T12 lamp Electronic 55 4 220 216 098
(3) 48 in., T12 ES lamp Mag-Std 34 3 102 100 0.98| (1)96in., T12ES lamp Mag-Std 60 1 60 75 125
(4) 48 in., T12 ES lamp Mag-Std 34 4 136 164 1.21] (2)96in, T12 ES lamp Mag-Std 60 2 120 128 107
(1) 48 in., T12 BS Jamp Mag-ES 34 1 34 43 1.26] (3)9%in, TI2ES lamp Mag-Std 60 3 180 203 113
(2) 48 in., T12 ES lanip Mag-ES 34 2 68 72 1.06| (4)96in,T12ES lamp Mag-Std 60 4 240 256 1.07
(3) 48 in, T12 ES lamp Mag-ES 34 3 102 115 113} (1)96in, T12 ES HO Jamp Mag-Std 95 1 95 112 118
{4) 48 in., T12 ES lamp Mag-ES 34 4 136 144 1.06] (2)96in, T12 ES HO lamp Mag-Std 95 2 190 227 119
(1) 48 in., T8 lamp Mag-BS 32 1 32 35 1.09] (3)96in., T12 ES HO lanip Mag-Std 95 3 285 380 1.33
(2) 48 in., TB lamp Mag-BS 32 2 64 71 L11| (4)9%in, TI2ES HO lamp Mag-Std 95 4 380 454 1.19
(3) 48 in., T8 Jamp Mag-BS 32 3 9 110 L15] (1)96in,TI2BES VHOlamp  Mag-Std 185 1 185 205 LI
(4) 48 in,, T8 lamp Mag:ES 32 4 128 142 L11{ (2)96in,TI2ES VHOlamp  Mag-Std 185 2 370 380 1.03
(1) 48 in., T12 ES lamp Electronic 34 1 34 32 094] (3)96in, TI2ES VHOlamp  Mag-Std 185 3 555 385 1.05
(2) 48 in., T12 ES lamnp Blectroiic 34 2 68 60 0.88] (4)96in,TI2ES VHOlamp  Mag-Std 185 4 740 760 1.03
(3) 48 in., T12 ES lamp Electronic 34 3 102 92 0.90| (2)96 in., T12 ES lamp Mag-ES 60 2120 123 1.03
(4) 48 in., T12 ES Ymp Elecronic 34 4 136 120 0.88] (3)96 in., T12 ES lamp Mag-ES 60 3 180 210 1.17
(1) 48 in., T8 lamp Electonic 32 1 32 32 1.00| (4)9in, T12 ES lamp Mag-ES 60 4 240 246 1.03
(2) 48 in., T8 Jamp Electronic 32 2 64 60 094| (2)96in, T12 ES HO lamp Mag-ES 95 2 190 207 1.09
(3) 48 in., T8 lamp Electronic 32 3 96 93 057| (4)96in., T12 ES HO lamp Mag-ES 95 4 380 414 1.09
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Table2 Typical Nonincandescent Light Fixtures (Concluded)

. 8 i
] g
- 2 & s § 4 g
g EE 5 3 E é PE e
SRR 1r 1L
Description Ballast & 3 3 & 2% |Description Ballast £ 3 3 é &%
(1) 96 in., TI2 ES lamp Electropic 60 1 60 69 1.15{ (1)96in., T8 HO lamp Electronic 59 1 59 68 115
(2) 96 in., T12 ES lamp Electronic 60 2 120 110 092] (1)96in., T8 VHO lamp Electronic 59 1 59 71 120
(3)96 in.; TI2ES Jamp Electronic 60 3 180 179 099 (2)96in, T8 lamp Electronic 59 2 118 109 0.92
{4) 96 in., TI2 ES lamp " Electronic 60 4 240 220 0.92] (3)96in., T8 lamp Electronic 59 3 177 167 0.94
(1) 96 in., T12 ES HO lamp Electronic 95 1 95 80 0.84] (4)96in., T8 lamp Blectronic 59 4 236 219 0.93
(2) 96 in., TllES HO lamp Electronic 95 2 190 173 091 (2)96in., T8 HO lamp Electronic 86 2 172 160 0.93
(4) 96 in., TI2 ES HO lamp Electronic 95 4 380 346 091} (4 96in., T8 HO lamp Electronic 86 4 344 320 093
(1) 96 in., T8 lamp . ' Blectronic 59 1 59 58 098
Cireular Fluorescent Fixtures
Circlite, (1) 20 Wlamp Mag-PH 20 1 20 20 1.00{ (2 8in. circular lamp Mag-RS 22 2 44 52 1.18
Circlite, (1) 22 W Jamp Mag-PH 22 1 22 20 091 (1)I12in circolar Jamp Mag-RS 32 1 32 31 097
Circline, (1) 32 W Jamp Mag-PH 32 1 32 40 1.25) (2) 12in circular lamp Mag-RS 32 2 64 62 097
(1) 6 in. circolar lamp Mag-RS 20 1 20 25 125) (1) 16in. circolar lamp Mag-Std 40 1 40 35 088
(1) 8 in. circular lamp MagRS 22 1 22 26 118
High-Pressure Sodium Fixtures
(1) 35 W lamp HID 35 1 35 46 131] (1)250Wlamp HID 250 1 250 295 1.18
(1) 50 W lamp HID 50 1 350 66 132] (1)310Wlamp HID 310 1 310 365 1.18
(1) 70 W lamp HID 7 + 70 95 1.36] (1)360W lamp HID 360 1 360 414 115
(1) 100 W lamp HID 100 1 100 138 1.38 (1)400W lamp HID 400 1 400 465 1.16
(1) 150 W lamp HID 150 1 150 188 1.25] (1) 1000 W lamp HID 1000 1 1000 1100 1.10
(1) 200 W lamp HID 2000 1 200 250 1.25
Metal Halide Fixtures
241} 32 W lamp HID 32 1 32 43 1.34] (1)250 Wiamp HID 250 1 250 295 1.18
50w lamp HID 50 1 50 72 144} (1) 400 Wlamp HID 400 1 400 458 1.15
1) 70 W lamp HID 70 1 70 95 136] (2)400 W lamp HID 400 2 80D 916 115
(1) 100 W lamp HID 100 1 100 128 1.28] (1) 750 W lamp HID 750 1 750 850 1.13
(1) 156 W lamp HID 150 1 150 190 127| (1) 1000 W lamp HID 1000 1 1000 1080 1.08
(1) 175 W lamp HID 175 1 175 215 1.23} (1) 1500 W lamp HID 1500 1 1500 1610 1.07
Mercury Vapor Fixtures
(1) 40 W lamp HID 40 1 40 50 125 (1)250W lamp HID 250 1 250 290 1.16
(1) 50 W lamp HID 50 1 50 74 1.48] (1)400W lamp HID 400 1 400 455 .14
(1) 75 W lamp HID 75 175 93 1.24] (2)400 W lamp HID 400 2 800 910 1.14
(1w lanip HID 100 1 100 125 1.25| (1) 700 W lamp HID 7060 1 700 780 1.11
(1) 175 W lamp HID 175 1 175 205 1.17] (1) 1000 W lamp HID 1000 1 1000 1075 1.08
Abbreviations: Mag = electromagnetic; ES = energy saver; Std = standard; HID = high-i ity discharge; HO = high output; VHO = very high output; PH = preheat; RS = rapid start

arclatively large percentage reduction in space cooling load. (Many
engineers believe that a major reason for plenum temperatures not
becoming more elevated is due to leakage into the plenum from sup-
ply air ducts normally concealed there.)

Energy Balance

~ Where the ceiling space is used as a return air plenum, an energy
balance requires that thé heat picked up from the lights into the
return air (1) become a part of the cooling load to the retum air (rep-
resented by a temperature rise of the return air as it passes through
the ceiling space), (2) be partially transferred back into the condi-
tioned space through the ceiling material below, and/or (3) may be
partially “lost” (from the space) through the floor surfaces above
the plenum. In a multistory building, the conditioned space fre-
cuently gains heat through its floor from a similar plenum below,
offsetting the loss just mentioned. The radiant component of heat
~Jeaving the ceiling or floor surface of a plenum is normally so small
at all such heat transfer is considered convective for calculation
-ITPOSES,
Figure 3 shows a schematic diagram of a typical retum aix ple-
pumn. The following equations, using the heat flow directions shown

ln

Y qz (Heat to Floor Above) FLOOR ABGVE

777777200777 7777

NUM
PLERU RETURN AIR
f

43 (Load T Raturn Air)

Gy (Light Hoat
v 0 Space)

ROOM

Fig.3 Schematic Diagram of Typical Return Air Plenum

in Figure 3, represent the heat balance of a return air plenum design
for a typical interior room in a multifloor building:

g1 = VAL, - 1) @)
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92 = Uty ~ ) @
43 = 1‘IQ(tp - tr) (4)
G~ 09~ 5=0 5)
. qr+ ql
g-= L1{t,—1) ©

where
= heat gam to space from plenum through ceiling, Btu/h

qz = heat loss from plenum: through floor above, Btw/h
q3 = heat gain pxclmp by return air, Btu/h
. Q'=retorn airflow, cfm

q;, = light heat gam fo-plenum via return air, Bawh

gy, = light beat gain to space, Btu/h

“gr=heat gain from plenim below, through floor, Btu/h
3\ = heat gain from exterior wall, Btu/h

4, = space tooling load, including appropriate treatment of g, 95

. ‘and/or g,, Btw/h

= = plenum !cmpcratum. °F

1, = space temperatuce, °F

tf;, = space temperature of floor above, °F

t, = supply axrtempcratnrc, SF

From hcat balance Equation (5), 7, can be found as the resultant
return air temperature ot plenum temperature. The results, although
rigorous and best solved by computer, are unportant in determining
the’ ccooling load, which affects equipment size sclection, future
energy consumption, and other factors.

Eqnations (2) through (6) are simplified to illustrate the heat bal-
-ance relationship. Heat gain into a return air plenum is not lirnited to
the heat of lights alone, Exterior walls directly exposed to the ceil-
ing space will transfer heat directly to or from the return air. For sin-
gle=story buildings or the top floor of a multistory building, the roof
beat gain or loss enters or ieaves the ceiling plenum rather than
entering or leaving the conditioned space directly. The supply air
quantity calculated by Equation (6) is only for the conditioned space
under consideration and is assumed equal to the return air quantity.

The amount of airflow through a return plenum above a condi-
tioned space may not be limited to that supplied into the spaceunder
consideration; it will, however, have no noticeable effect on plenum
temperature if the surplus comes from an adjacent plenum operating
under similar conditions. Where special conditions exist, heat bal-
ance Equations (2) through (6) must be modified appropriately.
Finally, even though the building’s thermal storage has some effect,
the amount of heat entering the return air is small and may be con-
sidered as convective for calculation purposes. .

ELECTRIC MOTORS

Instantaneous heat gain from equipment operated by electric
motors within a conditioned space is calculated as

o = 2585(P/EV) F 0 Fyag N

where
Qem = beat cquivalent of equipment operation, Biu/h
P = motor power rating, hp
Ej¢ = motor cfficiency, decimal fraction < 1.0
Fyye = motor use factor, 1.0 or decimal fraction < 1.0
Fryg = wiotor lead factor, 1.0 or decimal fraction < 1.0

. The motor use factor may be applied when motor use is known
to be intermittent with significant nonuse during all hours of oper-
ation (e.g., overhead door operator). For conventional applications,
its value would be 1.0.

The motor load factor is the fraction of the rated load being
delivered under the conditions of the cooling load estimate. In
Equation (7), it is assnmed that both the motor and the driven
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equipment are in the conditioned space. If the motor is outside the
space or airstream,

m = 2545PF 3 Fyp (8)

When the motor is inside the conditioned space or airstream but
the driven machine is outside,

10-E,,
= 2545P(————-——-—)FUMFLM ©®
Ey

Equation (9) also applies to a fan-or pump in the conditioned
space that exhausts air or pumps fluid outside that space.”

Tables 3A and 3B give average efficiencies and related data
representat.we of typical electric motors, gcnerally derived from
the lower efficiencies reported by ‘several manufacturers of open,
drip-proof motors. These reports indicate that totally enclosed

Table3A Average Efficiencies and Related Data
Representative of Typical Electric Motors.

Location of Motor and Driven
Equipment with Respect to
Conditiotied Space or Airstream
Motor i & B ¢
Name- Full  Moetor Motor. — Motor
plate Load in, out; “in,
or Motor Driven Driven Driven
Rated Effi- Equip- Equip- - Equip-
Horse- Motor Nominal ciency, mentin, mentin, mentout,
power  Type pm % Btwh Btwh Buvh
0.05 Shaded pole 1500 35 360 130 240
0.08 Shaded pole 1500 35 580 200 380
0.125 Shaded pole 1500 35 900 320 590
0.16 Shaded pole 1500 35 1,160 400 760
0.25 Splitphase 1750 54 1,180 640 540
0.33 Splitphase 1750 56 1,500 840 660
0.50 Splitphase 1750 60 2,120 1,270 850
0.75  3-phase 1750 72 2,650 1,900 746
1 3-.phase 1750 75 3,390 2,550 850
1.5 3-phase 1750 77 4,960 3,820 1,140
2 3-phase 1750 79 6,440 5,090 1,350
3 3-phase 1750 81 9,430 7,640 1,790
5 3-phase 1750 82 15500 12,700 2,790
7.5 3-phase 1750 84 22,700 19,100 3,640
10 3-phase 1750 85 29,900 24,500 4,490
15 J-phase 1750 86 44,400 38,200 6,210
20 3-phase 1750 87 58,500 50,900 7,610
25 3-phase 1750 88 72300 63,600 8,680
30 3-phase 1750 89 85,700 76,300 9,440
40 3-phase 1750 89 114,000 102,000 12,600
50 3-phase 1750 89 143,000 127,000 15,700
60 3-phase 1750 89 172,0000 153,000 18,900
75 3-phase 1750 90 212,000 191,000 21,200
100 J-phase 1750 90 283,000 255,000 28,300
125 3-phase 1750 90 353,000 318,000 35300
150 3-phase 1750 91 420,000 382,000 37,800
200 J-phase 1750 91 569,000 509,000 50,300
250 J-phase 1750 91 699,000 636,000 62,900

Table 3B Typical Overload Limits with Standard Motors

Horsepower
Motor Type 0.05 10 0.25 0.16 t0 0.33 06710 0.75 landup
ACopen 14 - 135 125 115
AC TEFC* and DC e 1.0 1.0 1.0

Note: Some shaded pole, capacitor start, and special purposc motors bave a service fac-
tor varying from 1.0up 1o 1.75,
*Some totally enclosed fan-cooled (TEFC) motors have a service fastor above 1.0:
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=, fan-cooled (TEFC) motors are slightly more efficient. For speeds

- lower or higher than those listed, efficiencies may be 1 to 3%
" lower or higher, depending on the manufacturer. Should actual

voltages at motors be appreciably higher or lower than rated -

nameplate voltage, efficiencies in either ¢ase will be lower. If
electric motor load is an appreciable portion of cooling load, the
motor efficiency should be obtained from the manufacturer. Also,
depending on design, the maximum efficiency might occur any-
where between 75 to 110% of full load; if underloaded or over-
loaded, the efficiency could vary from the manufacturer’s listing.

Overloading or Underloading

Heat output of a motor is generally proportional to the motor
load, within the overload limits. Because of typically kngh no-load
motor current, fixed Josses, and other reasons, Fp,, is generally
assumed to be unity, and 1o adjustment should be made for under-

loading or overloading ualess the situation is fixed, can be accu-

rately  established, and the reduced load efficiency data can be
obtained from the motor manufacturer,

Radiation and Convection

Unless the ‘manufacturer’s technical literature indicates other-
wise, the heat gain normally should be equally divided between radi-
ant and convective components for the subsequent cooling load
calculations.

APPLIANCES

_In a cooling load estimate, heat gain from all appliances—elec-
trical, gas, or steam—should be taken into account. Because of the
variety of appliances, applicadons, schedules, use, and installations,
~, estimates can be very subjective. Often, the only information avail-
able about heat gain from equipment is that on its nameplate.

. Cooking Appliances

These -appliances include common heat-producing cooking
equipment found in conditioned commercial kitchens. Marn (1962)
concluded that appliance surfaces contributed most of the heat to
commercial kitchens and that when applicances were installed
under an effective hood, the cooling load was independent of the
fuel or energy used for similar equipment performing the same
operations: ‘

Gordon et al. (1994) and Smith et al. (1995) found that gas appli-
ances may exhibit slightly higher heat gains than their electric coun-
térparts under wall-canopy hoods operated at typical ventilation
rates. This is due to the fact that the heat contained in the combus-
tion products exhausted from a gas appliance may increase the tem-
peratures of the appliance and surrounding surfaces, as well as the
hood above the appliance, more than the heat produced by its elec-
tric counterpart. These higher temperature surfaces radiate heat to
the kitchen, adding moderately to the radiant gain directly associ-
ated with the applianée cooking surface.

Mam (1962) confirmed that where the appliances are installed
under an effective hood, only radiant gain adds to the cooling load;
convected and latent heat from the cooking process and combustion
products are exhausted and do not enter the kitchen. Gordon et al.
(1994) and Smith et al. (1995) substantiated these findings.

Sensible Heat Gain for Hooded Cooking Appliances. To
establish a heat gain value, nameplate energy input ratings may be
used with appropriate usage and radiation factors. Where specific
rating data are not available (nameplate missing, equipment not yet
. purchased, etc.) or as an slternative approach, recommended heat

““ains listed in Table 5 for a wide variety of commonly encountered

. Aipment items may be used. In estimating the appliance load,

" probabilities of simultaneocus use and operation for different appli-
ances located in the same space must be considered.
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The radiant heat gain from hooded cooking equipment can range
from 15 to 45% of the actual appliance energy consumption (Talbert
et al. 1973, Gordon et al. 1994, Smith et al. 1995). This ratio of heat
gain to appliancc energy consumption may be expressed as a radia-
tion factor. It is a function of both appliance type and fuel source.
The radiation factor Fy is applied to the average rate of appliance
energy consnmption, determined by applying usage factor Fyto the
nameplate or rated energy input. Mam (1962) found that radiant
heat temperature rise can be substannally reduced by shxcldmg the .
fronts of cooking apphanccs Although this. approach may not: -
always be practical in a commercial kitchen, radlant gains can also
be reduced by adding side panels or partial enclosures that. are inte-
grated with the exhaust hood. )

Heat Gain from Meals. For each meal served, the heat uans :

- ferred to the dining space is approximately 50 Btu/h, of wi h 75%:

is sensible and 25% is latent. :
Heat Gain for Electnc and Steam Appli:mcw‘ 'I’heaveragei” :

rate of appliance -energy ‘consumption can be estimated. from the .

nameplate or rated ¢nergy input Ginpiis by applymg a duty cycle or.
usage factor Fyy. Thus, the 'sensible heat gain g ., for generic.
types of electric, steam, and gas appliances installed under a hood
can be estimated using one of the following equations:

Gsensivle = AinpuF UF g an

or
Qsensible ™ qmpu.f £ L (11)

where Fy is defined as the ratio of sensible heat gain to the manu-
facturer’s rated energy input.

Table 4 lists usage factors, radiation factors, and load factors
based on appliance energy consumption rate for typical eléctrical,
steam, and gas appliances under standby or idle conditions.

Unhooded Equipment. For all cooking appliances not installed
under an exhaust hood or directly vent-connected and located in the
conditioned area, the heat gain may be estimated as 50% (¥, =0.50)

Table 4A Hooded Electric Appliance Usage Factors,
Raddiation Factors, and Load Factors

Usage Radiation Load Factor
Factor Factor FyaFyFy
Appliance Fy Fp Elec/Steam
Griddle 0.16 045 0.07
Fryer 0.06 0.43 0.03
Convection oven 042 0.17 0.07
Charbroiler 0.83 0.29 0.24
Open-top range
without oven 0.34 0.46 0.16 .
Hot-top range
without oven 0.79 047 037
with oven 0.59 0.48 0.28
Steam cooker 0.13 0.30 0.04

Sources: Alereza and Breen (1984), Fisher (1998).

Table 4B Hooded Gas Appliance Usage Factors,
Radiation Factors, and Load Factors

Usage Factor Radiation Factor  Load Factor
Appliance Fy Fy Fp = FyFp Gas
* Griddle 025 1025 0.06
Fryer 0.07 0.35 0.02
Convection oven 0.42 0.20 0.08
Charbroiler 0.62 - 0.18 0.11
Open-top range
without oven 0.34 0.17 0.06

Sources: Alerezs and Breen (1984), Fisher (1998).‘
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or the rated hourly input, regardless of the type of energy or fuel
used. On average, 34% of the heat may be assumed to be latent and
the remaining 66% sensible. Note that cooking appliances venti-
lated by “ductless” hoods should be treated as unhooded appliances
from the perspective of estimating heat gain. In other words, all
energy consumed by the appliance and all moisture produced by the
cooking process is introduced to the kitchen as a scnsxblc or latent
cooling load.

Recommended Heat Gain Values. As an alternative proce-
dure, Table 5 lists recommended rates of heat gain from typical
commercial cooking appliances. The data in the “with hood” col-
umnns assume installation under a properly designed exhaust hood
connected to a mechanical fan exhaust systenm.

Hospital and Laboratory Equipment

Haspital and laboratory equipment items are major sources of
heat gain in conditioned spaces. Care must b taken in evaluating
the probability and duration of simultaneous usage when many

. components are concentrated in one area, such as a labommry,
- operating room, etc. Commonly, heat gain from equipment in a

laboratory ranges from 15 to 70 Btw/h-f( or, in laboratories with
outdoor exposure, as much as four times the heat gain from all
other sources combined.

Medical Equipment. It is more difficult to provide generalized
heat gain recommendations for medical equipment than for general
office equipment because medical equipment is much more varied
in type and in application. Some heat gain testing has been done and
can be presented, but the equipment included represents only a
small sample of the type of equipment that may be encountered.

The data presented for medical equipment in Table 6 are relevant
for portable and bench-top equipment. Medical equipment is very
specific and can vary greatly from application to application. The
data are presented to provide gnidance in only the most general
sense. For large equipment, sach as MRI, engineers must obtain
heat gain from the manufacturer.

Laboratory Equipment. Equipment in laboratories is similar to
medical equipment in that it will vary significantly from space to
space. Chapter 13 of the 1999 ASHRAE Handbook—Applications
discusses heat gain from equipment, stating that it may range from
5 to 25 W/ft? in highly automated laboratories. Table 7 lists some
vahies for laboratory equipment, but, as is the case for medical
equipment, it is for general guidance only. Wilkins and Cook (1999)
also examined laboratory equipment heat gains.

Office Equipment

Computers, printers, copiers, calculators, checkwriters, posting
machines, etc., can generate 3 to 4 Bru/h-ft? for general offices or 6
to 7 Btwh- ft2 for purchasing and accounting departments.
ASHRAE Research Project 822 developed a method to measure the
actual heat gain from equipment in buildings and the radiant/con-
vective percentages (Hosni et al. 1998; Jones et al. 1998). This
methodology was then incorporated into ASHRAE Research
Project 1055 and applied to a wide range of equipment (Fosni et al.
1999) as a follow-up to independent research by Wilkins et al.
(1991) and Wilkins and McGaffin (1994). Komor (1997) found
similar results. Analysis of measured data showed that results for
office equipment could be generalized, but results from laboratory
and hospital equipment proved too diverse. The following general
guidelines for office equipment are a result of these studies.

Nameplate Versus Measured Energy Use. Nameplate data
rarely reflect thé actual power consumption of office equipment.
Actual power consumption of such c:quipment is assumed equal to
the total (radiant plus convective) heat gain, but the ratio of such
energy to the nameplate value varies widely, ASHRAE Research
Project 1055 (Hosni et al. 1999) found that for géneral office equip-
ment with nameplate power consumption of less than 1000 W, the
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actual ratio of total heat gain to nameplate ranged from 25% to 50%,
bat when all tested equipment is considered, the range is broader.
Generally, if the nameplate value is the only information known and
noactual heat gain data are available for similar equipment, it would -
be conservative to use 50% of nameplate as heat gain and more
nearly correct if 25% of nameplate were used. Much better results
can be obtained, however, by considering the heat gain as being pre-
dictable based on the type of equipment.

Office equipment is grouiped into categories such as computers,
monitors, printers, facsimile machines, and copiers, with heat gain
results within each group analyzed to establish patterns.  ~

Computers. Based on tests by Hosni et al. (1999) and Wilkins
and McGaffin (1994), nameplate values on computbrs should be
ignored when performmg cooling load calculations. Table 8 pre-
sents typical heat gain values for computers with varying degrees of
safety factor.

Monitors. Based on monitors tested by Hosni et al. (1999), heat
gain correlates approximately with screen size as

=58-20 (12)

qmon
where
Humon = heat gain from monitor, W
§ = nominal screen size, in.

Wilkins and McGaffin tested ten monitors (13 to 19.in.), finding
the average heat gain value to be 60 W. This testing was done in
1992 when DOS was prevalent and the Windows™ operating sys-
tem was just being introduced. Monitors displaying Windows con-
sumed more power than those displaying DOS. Tabile § tabulates
typical values.

Laser Printers. Hosni et al. (1999) found that the power con-~
sumed by laser printers, and therefore the hedt gain, depended
largely on the level of throughput for which the printer was
designed. It was observed that smaller printers are used more inter-
mittently and that larger printers may run continuously for longer
periods. Table 9 presents data on laser pristers.

These data can be applied by taking the value for continuous
operation and then applying an appropriate diversity factor, This
would likely be most appropriate for larger open office areas.
Another approach could be to take the value that fnost closely
matches the expected operation of the printer with no diversity. This
may be appropriate when considering a single room or small area.

Copiers. Hosni et al. (1999) also tested five copy machines con-
sidered to be of two types, desktop and office (freestanding high-
volume copiers). Larger machines used in production environments
were not addressed. Table 9 summarizes of the results. It was
observed that desktop copiers rarely operated continuously but that
office copiers frequently operated continuously for periods of an
hour or more.

Miscellaneous Office Equipment. Table 10 presents data on
miscellaneous office equipment such as vending machines and
mailing equipment.

Diversity. The ratio of the measured peak electrical load at the
equipment panels to the sum of the maximum electrical Toad of
each individual item of equipment is the usage diversity. A small,
one- or two-person office containing equipment listed in Tables 8
through 10 can be expected to contribute heat gain to the space at
the sum of the appropiiate listed values. Progressively larger areas
with many equipment items will always experience some degree
of usage diversity resulting from whatever percentage of such
equipment is not in operation at any given time.

Wilkins and McGaffin (1994) measured diversity in 23 areas
within five different buildings totaling over 275,000 fi%. Diversity
was found to range between 37 and 78%, with the average (normal-
ized based on area) being 46%. Figure 4 illustrates the relationship
between nameplate, the sum of the peaks, and the actual electical
load with diversity accounted for, based on the average of the total
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Table 5 Recommended Rates of Heat Gain From Typical Commercial Cooking Appliances

"Recommended Rate of Heat Gain,* Btu/h

Energy Rate, -

Btwh Without Hood With Hood

Appliance Size Rated  Standby Sensible Latent  Total Sensible

Electric, No Hood Required '

Barbeque (pit), per pound of food capacity 80w 3001 136 — 86 50 136 42
Barbeque (pressurized), per pound of food capacity 41 7 321 — 109 54 163 50
Blender, per guart of capacity 1todqt 1,550 1,000 520 1,520 480
Braising pan, per quart of capacity 1080 140 gt 360 180 95 275 132
Cabinet (large hot holding) 162t0 17.3 13 7,000 - 610 340 960 250
Cabinet (Jarge hot serving) 37.4 to 406 1? 6,820 — 610 310 920 280
Cabinet (large proofing) 16t0 17 fi* 693 — 610 310 920 280
Cabinet (small hot holding) 32106418 3,070 270 140 410 130
Cabinet (very hot holding) 17382 21,000 — 1,880 960 2,830 850
Can opener 580 580  — 580 0
Coffes brewer 12 eup/2 burmers 5660 3,750 1910 5,660 1,810
Coffes heater, per boiling burner 1 to 2 barners 2290 — 1,500 750 2,290 720
Coffee heater, per warmiing bumer 1 to 2 bumners 340 - 230 110 340 110
‘Coffee/hot water boiling um, per guart of capacity 11.6qt 390 — 256 132 388 123
. Coffee brewing wn (laxge), per quart of capacity 23 to40 qt 2,130 — 1420 710 2,130 680
Coffee brewing urn (small), per quart of capacity 10.6 gt 1,356 — 908 445 1,353 416
Cutier (targe) 18 in. bowl 2560 — 2560 2,560 0
Cutter (small) 14 in. bowl 1,260 — 1,260 — 1,260 0
Cutter-and mixer (large) 30t 48 gt 12,730 - 12,730 e 12730 0
Dishwasher (hood type, chemical sanitizing), per 100 dishes/h 950 to 2000 dishes/h 1,300 170 370 540 170
Dishwasher (hood type, water sanitizing), per 100 dishes/h 950 to 2000 dishes/h 1,300 ~ 190 420 610 190
Dishwasher (conveyor type, chemical sanitizing), per 100 dighes/h 5000 to 9000 dishes/h 1,160 — 140 330 470 150
Dishwasher (conveyor type, water sanitizing), per 100 dishes/h 5000 to 9000 dishesh 1,160 — 150 370 520 170
Display case (refrigerated), per 10 2 of interior 610 67 2 1,540 — 617 0 617 0
Dough rolier (large) 2 rollers 5490 — 5,490 e 5,490 0
Dough roller (small) 1 roller 1,570 — 140 — 140 ¢
p7ap cooker 12 eggs 6,140 2,900 1,940 4,850 1,570
© . od processor 244t 1,770 — 1,770 - 1,770 0
" wood warmer (infrared bulb), per lamp 1 to 6 bulbs 850  -— 850 — 850 850
Food warmer (shelf type), per square foot of surface 309 fi* 930 - 740 190 930 260
Food warmer {infrared tube), per foot of length 391053 in. 9%¢  — 990  — 990 990
Food warmer {well type), per cubic foot of well 0710251 3,620 — 1,200 610 1,810 580
Freszer (large) 73 45710 1,840  — 1,840 0
Freezer (small) 18 2,760 — 1,090 — 1,090 0
Griddle/grill (arge), per square foot of cooking surface 46w 1182 9200 — 615 343 958 343
Griddle/grill (small), per square foot of cooking surface 2210 4.5 8,300 — 545 308 853 298
Hot dog broiler 48 to 36 hot dogs 3,960 — 340 170 510 160
Hot plate (double burner; high speed) 16,720 — 7,810 5430 13,240 6,240
Ho:.platé {double bumer, stockpot) 13,650 — 6,380 4,440 10,820 5,080
Hot plate (single bumer, high speed) 9,550 - 4,470 3,110 7,580 3,550
Hot water um (large), per quart of capacity 56 gt 416 — 161 52 213 68
Hot water um (small), per guart of capacity 8qt 738 285 95 380 123
Ice maket (Jarge) 220 b/day 3,720 — 9,320 — 9,320 0
Tce maker (small) 110 1b/day 2,560 - 6,410 — 6,410 0
Microwave oven (heavy duty, commercial) 0.7 8970 — 8970  — 8,970 0
Microwave.oven (residential type) i 2,050t0 4,780 — 2,050104,780  — 2,050 04,780 0
Mixer {large), per quart of capacity 81 gt 94— 94 — 94 0
Mixer (small), per quart of capacity 126076 gt 48 - 48 — 48 0
Press cooker (hamburger) 300 pattiesth 7510 4,950 2,560 7510 2,390
Refrigerator (large), per 10 ft° of interior space 25to 74 ft3 753 — 00— 100 0
Refrigerator (small), per 10 £t of interior space 61025 2 1,670 — 665  — 663 0
Rotisserie 300 hamburgers/h 10,920  — 7,200 3,720 10,920 3,480
Serving cart (hot), pec cubic foot of well 1810328 2,050 680 340 1,020 328
Serving drawer (large) 252 to 336 dinner rolls 3,750 — 480 34 510 130
Serving drawer (small) 84 to 168 dinner rolls 2,73 — 340 34 380 110
Skillet (tilting), per quart of capacity 48t0 132 gt 580 293 161 454 218
Sticer, per square foot of slicing carviage 0.65t0 0.97 1@ 680 -~ 682 — 682 216
Soup cooket, per quart of well 7410 11.6 gt 416 - 142 78 220 68
7 am cooker, per cubic foot of compartment 3264 qt 20,700 — 1,640 1,050 2,650 784
- am kettle (Jarge), per quart of capacity 80to 320 gt 360 - 23 16 39 13
““steam kettle (small), per quart of capacity 241048 gt 840 — 68 45 113 32
Syrup warmer, per quart of capacity 11.6qt° 284 — 94 52 146 45
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Table 5 Recommended Rates of Heat Gain From Typical Cornmercial Cooking Appliances (Concluded)

Recommended Rate of Heat Gain,® Btivh

Energy Rate,
Btwh Without Hood With Hood
Appliance Size Rated  Standby Sensible Latent - Total Sensible
Toaster (bun toasts on one side only) 1400 buns/b 5120 - 2,730 2420 5,150 1,640
Toaster (farge conveyor) 720 slices/h 10,920  — 2,900 2,560 5,460 1,740
Toaster (small conveyor) 360 slices/h 7,170 — 1,910 1,670 3,580 1,160
Toaster (large pop-up) 10 slice 18,080 — 9,590 8,500 18,080 5,800
Toaster (small pop-up) 4 slice 8430 4,470 3,960 8,430 2,700
Waffle iron 75 in? 5600 2,390 3,210 5,600 1,770
Electxic, Exhaust Hood Required
Broiler (convéyor infrared), per square foot of cooking area 20 102 f2 19,230 — R —_ 3,840
Broiler (single deck infrared), per squarc foot of broiling area  2.6t0 9.8 {* 10,870 — e — 2,150
Charbroiler, per linear foot of cooking surface 210 8 lincarft 11,000 9300 - — e 2,800
_ Fryer (deep fat) 35t0501boil 48,000 2,500 o — — 1,200
Fryer {pressurized), per pound of fat capacity 1310330 1565 — — — 59
Oven (full-size convection) 41,000 4,600 . - — 2,900
Oven (large deck baking with 537 16 decks),

per cubic foot.of oven space 15 to 46 13 1,670 — S — 69
Oven (roasting), per cubic foot of oven space 7.8t0 23 f3 21350 — — — 113
Oven (small convection), per cubic foot of Gven space 145318 10340 — —_— _— 147
Oven (simall deck baking with 272 ft® decks),

e cubic foot of oven space 781023 2,760 — - - — 113
Open range top, per 2 cloment section 2t 6 elements 14,000 4,600 — — - 2,100
Range (hot top/fry top), per square foot of cooking surface 4108 fi2 7260  — — -— 2,690
Range (oven section), per cnbic foot of oven space 4.2t0 1138 3,940 — e — 160
Griddle, per linear foot of cooking surface 2 to 8 linear ft 19,500 3,100 —_— - e 1,400
Gas, No Hood Required
Broiler, per square foot of broiling area 2742 14,800  660° 5,310 2,860 8,170 1,220
Cheese melter, per square foot of cooking surface 25w 5.1 10,300 660° 3,650 1,980 5,670 850
Dishwasher (hood type, chemical sanitizing), per 100 dishes/h 950 to 2,000 dishes/h 1,740  660° 510 200 710 230
Dishwasher (hood type, water sanitizing), per 100 dishes/h 950 10 2,000 dishes/h 1,746 6600 570 220 790 25¢
Dishwasher (conveyor type, chemical sanitizing), per 100 dishes/h 5,000 to 9,000 dishes/h 1,370 660° 330 70 400 130
Dishwasher (conveyor type, water sanitizing), per 100 dishes/h 5,000 to 9,000 dishes/h 1,370 660° 370 80 450 140
Grddle/grill (arge), per square foot of cooking surface 4610 11.8 12 17,0600 330 1,140 610 1,750 460
Griddle/grill (small), per square foot of cooking surface 25104542 14400 330 970 510 1,480 400
Hot plate 2 burners 19,200 1,325Y 11,700 3470 15,200 3,410
Oven (pizza), per square foot of hearth 6410129 4,740 660° 623 220 843 85
Gas, Exhaust Hood Required
Braising pan, per quart of capacity 105 to 140 qt 9,840 660° —_— — 2,430
Broiler, per square foot of broiling area 37103918 21,800 530 — — 1,800
Broiler (arge conveyor, infrared), per square foot
of cooking area/minute 210 102 ft? 51,300 1,990 — — — 5,340
Broiler (standard infrared), per square foot of broiling area 2410 9.4 f* 1,940 530 -~ _— 1,600
Charbroiler Qarge), per linear foot of cooking area 210 8 linear ft 36,000 22,000 — —_ — 3,800
Fryer (deep fat) 35 to 50 oil cap. 80,000 5,600 — — — 1,900
Oven (bake deck), per cubic foot of oven space 5310162 f° 7670 660° - o — 140
Oven (convection), full size 70,000 29,400 T o 5,700
Oven (pizza), per square foot of oven hearth 9.3 10 25.8 fi? 7,240 660° - - e 130
Oven (roasting), per cubic foot of oven space 91028 it3 4,300  660° B — — 77
Oven (twin bake deck), per cubic foot of oven space 111022 f 4,390  660° NI — — 78
Range (bumers), per 2 burner section 2 to 10 bumners 33,600 1,325 — — — 6,590
Range (hot top or fry top), per square foot of cooking surface Jto8 % 11,800 330 — - — 3,350
Range (large stock pot) 3 bumers 100,000 1,990 — — —— 19,600

 Range (small stock pot) 2 bumers 40,000 1,330 — — e 7,830
Griddle; per linear foot of cooking surface 2 to 8 linear ft 25,000 6,300 1,600
Range top, open burner (per 2 burner section) 2 to 6 elements 40,000 13,600 2,200
Steam
Compartment steamer, per pound of food capacity/h 4610 450 1b 280 — 22 14 36 1
Dishwasher (hood type, chemical sanitizing), per 100 dishes/h 950 to 2,000 dishes/h 3,150 — 880 380 1,260 410
Dishwasher (hood type, water sanitizing), per 100 dishes/h 950 to 2,000 dishes/h 3,150 — 980 420 1,400 450
Dishwasher (conveyor, chemical sanitizing), per 100 dishesh 5,000 to 9,000 dishes/h 1,180 -~ 140 330 470 150
Dishwasher (conveyor, water sanitizing), per 100 dishes/h 5,000 to 9,000 dishes/h 1,180 — 150 370 520 170
Steam kettle, per quart of capacity 13t032qt 500 — 39 25 64 15

Sources: Alereza and Breen (1984), Fisher (1998),

*In some cases, beat gain data are given per unlt of capacity, In those cases, the heat gain is calcadated by: ¢ = (recommended beat gain per vnit of capacity) X (capacity)

b Standby inpit rating is given for eatiro applance regardless of size.
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Table 6 Reconnnended Heat Gain from Table 8 Recommended Heat Gain from
Typical Medical Equipment Typical Computer Equipment
Nameplate, Penk, Average, Continuous, Energy Saver Mode,
Equipment w w w w w
Ancsthesia system 250 177 166 Computers®
Blanket warmer 500 504 221 Average value 55 20
Blood pressure meter 180 33 . 29 Conservative value 65 25
Blood warmer 360 204 114 Highly conservative value 75 30
ECG/RESP 1440 54 50 b
Monitors
Electrosurgery 1000 147 109 Small monitor (13 to 15 in.) 55 0
Endoscope 1688 605 596 . . 4
; . Medium monitor (16 to 18 in.) 70 0
Harmonical scalpel 230 60 59 Lar itor (19 t6 20 i 30 0
Hysteroscopic pump 180 3s 34 go monitor (19 o 20 in.)
Laser sonics 1200 256 229 Sources: Hosni ¢f al. (1999), Wilkins and McGaffin (1994).
N . *Based on 386; 486, and Pentium grade.
Optical microscope . 330 65 63 : 4 . P . .
Pulse oximeter 7 2 20 >fypical vatues for monitors displaying Windows environment.
Stress treadmill N/A 198 173
lraspund system 1800 063 1050 Table9 Recommended Heat Gainfrom
Vacuum suction 621 337 302 R . . ;o
X:ray system 968 82 Typical Laser Printexs and Copiers
X-ray system 1725 534 480 Continnous, 1 page per-min., 1dle,
X-ray system : 2070 18 - W ) w w
Source: Hosni et al, (1999). Laser Printers
. Small desktop 130 73 10
Table 7 ) Recommended Hea} Gain from Deskiop 215 160 35
Typical Laboratory Equipment Small office 320 160 . 70
‘ Nameplate, Penk, Average, Large office 550 275 ; 125
Equipment ' W w w Copiers
Analytical balance 7 7 7 Desktop copier 400 85 20
Centrifuge 138 89 87 Office copier 1,100 400 300
- Centrifuge 288 136 132 Source: Hosni et al., (1999).
“Centrifuge 5500 s 1176 730
- Hlectrochemical analyzer 50 45 44
Electrochemical analyzer 100 85 84 Table 10 Recommended Heat Gain from
Flame photometer 180 107 105 Miscellaneous Office Equipment
Fluorescent microscope 150 144 143 -
Fluorescent microscope 200 205 178 . Maximum Input Recommended Rate
Fanction generator 58 29 29 Appliance Rating, W of Heat Gain, W
Incubator 515 461 451 Mail-processing equipment
e A %
ncubator . s
R Inserting machine, 600 to 3,300 39010 2,150
gd’f;;“ shaker 10‘2’ ;g ;g 3,600 to 6,800 pieces/h
scilloscope 7 ' Labeling machine, 600 to 6,600 390 to 4,300
Qscilloscope 345 99 97 .
) . 1,500 to 30,000 picces/h
Rotary evaporator 75 74 73 0
Rotary evaporator 94 29 28 Postage meter 30 15
Spectronics 36 31 31 Vending machines
Spectrophotometer 575 106 104 Cigarette 72 72
Spectrophotometer 200 122 121 Cold food/beverage 1,150 10 1,920 575 10 960
gﬁ ;xrnpflll‘(l)lomcn:r l‘;{:‘) 114(?;; ; g’g Hot beverage 1,725 862
o fluorometer
g 2
Thermocycler 1840 965 641 Snack 24010 275 240¢0 275
Thermocycler N/A 233 198 Other
Tissue culture 475 132 46 Bar code printer 440 370
Tissue culture 2346 1178 1146 Cash registers 60 48
Source: Hossi et al. (1999). Check processing workstation, 4,800 2,470
12 pockets
area tested. Data on actual diversity can be used as a guide, but Coffee maker, 1,500 1,050 W sens.,
diversity varies significantly with occupancy. The proper diversity 10 cups 1,540 Btu/h latent
factor for an office of mail order catalog telephone operators is dif- Microfiche reader 8s 85
ferent from that for an office of sales representatives who travel Microfilm reader 520 520
regularly. Microfilm reader/printer 1,150 1,150
. Heat Gain per Unit Area. Wilkins (1998) -and Wilkins and Mic:gwavc oven, 600 400
osni (2000) summarized the recent research on aheat gair per unit 11t
sea basis. The diversity testing showed that the actual heat gain Paper shredder 250103,000 200 to 2,420
per unit area, or load factor, ranged from 0.44 to 1.08 W/ft?, with an Water cooler, 700 350
average (normalized based on area) of 0.81 W/fi?. Spaces tested 32 qvh
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Table 12 Cooling Load Estimates for

Various Types of Offices Various Office 1.oad Densities
Load’ Load Num- Each, Total, Diver- Load,
Density  Factor, ber W W oSty . W
of Office W/ft* Description - ‘
- - Light Load Density®
Light 0.5  Assumes 167 ft¥/workstation (6 workstations per
1000 £i) with computer and monitor at each plus Computers 6 5 330 067 220
printer and fax. Computer, monitor, and fax diversity Monitors 6 55 330 - 0.67 - 220
0.67, printer diversity 0.33. Laser printer—small desk top 1 130 130 033 43
Mediom 1 Assumes 125 fi¥workstation (8 workstations per Fax machine 1 15 15 067 10
1000 ft%) with computer and monitor af each plus Total Area Load T494
rinter and fax. Computer, monitor, and fax diversi
3.75' printer di»vctsit§ 0.50. iy Recommended equipment load factor = 0.5 W/ft2
Mediom/ 1.5 Assumes 100 f®fworkstation (10 workstations per Medium Load Density*
Heavy 1000 %) with computer and monitor at ¢ach plus Computers 8 65 5200 075 390
printer and fax. Computer and monitor diversity 0.75, Monitors 8 70 560 0 75 420
printer and fax diversity 0.50. Laser printer—desk 1 215 215 05 108
T £ CS .
Heavy 2 Assumes 83 ft*fworkstation (12 workstations per E pn;lm 1 15 15 075 1
1000 %) with computer dnd monitor ateach plus ax machine : i
printer and fax. Computer and moitor diversity 1.0, Total Area Load ] 929
P“fmr and fax diversity 0.50. Recommended equipment load factor = 1.0 W/?
Source: Wilkins and McGaffin (1994). Medium/Heavy Lood Density®
4 Computers ‘ 10 65 650 1 650
Monitors 10 70 700 1 700
Lascr printer—-small office 1 320 320 05 160
3 Facsimile machine 1 30 38 05 i5
g Total Area Load 1525
5 Recommended equipment load factor = 1.5 W/it?
g 2 Heavy Load Density®
g Computers iz 75 900 1 500
- 3 Monitors 12 80 960 1 960
Laser printer-small office 1 320 320 05 160
S s Facsimile machine 1 30 30 05 15
SRR EANRY : 59
0 SUMOF PEAKS To(ad Area Load 2035
{NO DIVERSITY) Recommended eguipment Joad factor = 2.0 W/
Fig. 4 Office Equipment Load Factor Comparison Source: Wilkins and McGaffin (1994). :
(Wilkins and McGaffin 1994) * See Table 11 for descriptions of load densities.
were fully occup 1?d and"hxghly automat;,d, COmPISng 21 unique Table 13 Summary of Radiant-Convective Split
areas in five buildings, with a computer and monitor at every work- for Office Equi t
station. Table 11 presents a range of load factors with a subjective or ce Lguipment
description of the type of space to which they would apply. Table 12 Device Fan Radiant Convective
presents more specific data that can be used to better quantify the Computer Yea 1010 15% 35 to 90%
amount of equipment in a space and the expected load factor. The .
medium load density is likely to be appropriate for most standard ~ Monitor No 35 to 40% 60 to 65%
office spaces. Medium/heavy or heavy load densities may be Computer and monitor - 20 to 30% 70 to 80%
encountered but can be considered extremely conservative esti- Laser printer Yes 10 to 20% 80 to 90%
mates c‘v‘cn for densel‘y populated zmq highly automated spaces. Copier Yes 20 t6 25% 75 1o 80%
Radiant Convective Split. Hosni et al. (1999) found that the .
. Fax machine No 30to 35% 65 to 70%

radiant-convective split for equipment was fairly uniform, the most
important differentiating feature being- whether or not the equip-
ment had a cooling fan. Table 13 is a summary of those results.

HEAT GAIN THROUGH FENESTRATION AREAS

The primary weather-related variable influencing the cooling
load for a building is solar radiation. The effect of solar radiation

is more pronounced and immediate in its impact on exposed non-

opaque surfaces. The calculation of solar heat gain and conduc-
tive heat transfer through various glazing materals and
associated mounting frames, with or without interior and/or exte-
rior shading devices, is discussed in Chapter 30. This chapter

Source: Hosni et al. (1999).

covers the application of such data to the overall heat gain evalu-
ation and the conversion of the calculated heat gain into a com-
pusite cooling load for the conditioned space. Table {4 includes
some useful solar equations.

Fenestration Direct Solar, Diffuse Solar, and
Conductive Heat Gains

For fenestration heat gain, use the following equations:
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Buy Now Product List

The following Watt Stopper products are available for purchase on-line.

Automatic Wall Switches Price
Convenient energy savings throughout your home "y ft
WR Residential Motion Sensor (WR-100) 3600
Energy Auditing Tools Price
Light meter b Big Mot
EX-200 lluminometer (FX-200) 240.00 Seeilicde
Occupancy and light logger, PC connector cable included Ty Nat|
IT-200 InteliTimer® Pro Logger (IT-200) 260.00 BT
PL~100 Power monitor & energy logger with DI-110 personal sensor 250.00

PL-100 Plug Load Analyzer (PL-1008S)

PL-100 Power monitor & energy logger
PL-100 Plug Load Analyzer (PL-100)

DIJ-110 Personial sensor for PL-100
PL-100 Plug Load Analyzer (D1-110)

6 ft black extension cord for PL-100 Plug Load Analyzer By, Re

PL-100 Plug Load Analyzer (EC-6) 15.40
Isole Plug Load Controls Price

Eight Outlet Power Strip withi Auto-On-Personal Sensor 90.00 im

1s0lé® IDP-3050 Plug'Load Control (IDP-3050)

The Watt Stopper products are sold through electrical distributors world-wide. (pricing can be less than the
given suggested list price based on quantity). Contact us at TWS_sales@watistopper.com email fo get the
name of the stocking distributors nearest you.

To purchase a product, click on the buy now button to the left of the product name and it will be sent to your
basket. See detail information on the product, click on its name.

If the product you are looking for is not listed here, contact us at TWS_sales@wattstopper.com to help
expedite the order with your nearest stocking distributor.

Home | Newsroom | Corporate | Products & Solutions | Sales & Support | Contact Us | Site Map | Basket
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Gaoup Campany =K Copyright 2003, The Watt Stopper. All rights reserved
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Froducts & Solutions Full Product Search

Building Solutions

Product Line Search

Isolé® IDP-3050 Plug Load Control —
- Buy Now Product List

Product De_tails

Technical Builetins

Applicafion Guides

bo ST o

e Saves energy by controlling desktop
equipment - ,

o Consists:of an eight outlet power strip -
with surge suppression and a personal
occupancy sensor

» 6 oullets on the power strip are
controlled by occupancy; 2 outlets
uncontrolied

s Power sirip has lifetime product
warranty and a $25,000 connected
equipment warranty

System Information

The Isolé IDP-3050 is an energy saving control system which provides
maximum surge and noise suppression. it consists of the eight outlet Power
Strip and the Personal Sensor.

Operation

The IDP-3050 functions by turning office power devices on and off based on
occupancy. The Personal Sensor connects to the power strip with the attached
cable. It autormatically turns all connected devices on when the workspace
becomes occupied. Connected devices will turn off after the space is
unoccupled and the time delay elapses.

Power Strip

The power strip contains 6 outlets controlled by occupancy and 2 outlets which
are uncontrolled. Devices to plug into the controlied outlets include computer
monitors, task lights, space heaters, fans and other equipment that can be
turned off during unoccupied periods. The power strip provides surge and noise
suppression with a UL 14498 rating of 330V, 720 Joule rating, and maximum
surge amperage of 54,000 Amps. It features a resettable circuit breaker and
two LEDs which indicate that the outlet is wired and grounded properly and the
surge protection is functioning. The power strip carries a $25,000 connected
equipment warranty.

Personal Sensor

http://www. wattstopper.com/products/details html21d=74 1274120073
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The Personal Sensor utilizes Watt Stopper’s advanced passive infrared
technology fo detect occupancy. It features a small, low-profile and attractive
appearance. It also features a user-adjustable time delay of 30 seconds to 30
minutes and ASIC technology for superior performance and immunity to RF}
and EMI. Installation for the IDP-3050 system is simple and quick and requires
no hardwiring.

Applications

The Isolé IDP-3050 is energy saving power strip option for the modern office.
Power for most devices in our offices is typically left on throughout the work day
regardless of occupancy. The IDP-3050 ends this waste in an economical
manner, thus making standard power strips obsolete. Applications include
workstations, open office cubicles, offices, and engineering stations.

Power Strip Specifications

Eight outlets; six controlled, two uncontrolied

Electrical rating: 120VAC, 15A, 50/60Hz

15A dry contact relay

15 Amp resettable circuit breaker

LED indicates correct wiring and grounding

LED indicates surge protection is functioning

Eight foot cord, black

Flat offset plug for wire managemerit

One uncontrolled outlet and one controlled outlet are wall transformer
enabled » UL 1449 rating: 330V

Circuit: High Energy, Mulli-stage hybrid

Noise filtration 0-25db (94.38%) ‘
Joule rating: 720 Joules

Maximum surge amperage: 54,000 Amps

Protection modes: 330V L-N, 330V L-G, 330V N-G

Ground protected for safety; will not operate without a grounded outlet
Response time: instantaneous

Let through voltage: 140V

Initial clamping voltage: 200V

UL & CUL listed

Lifetime warranty; $25,000 connected equipment warranty

® ¢ 6 ° & O 9 @

® © & 0 & & @ & v 0 &

Personal Sensor Specifications

Advanced passive infrared technology

Fresnel lens

Caverage of 120°, up to 300 square feet

ASIC technology reduces components and enhances reliability
Adjustable time delay of 30 seconds to 30 minutes

9 connector cable

Supply voltage: 12 VDC

UL & CUL listed

5 year warranty

*® ® & 0 06 & & 0

Product Literature

Cut Sheets
Installation Instructions

Tt My swattotanmner ram Inradncte/detaile himhd=T4 12/4/2003
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Additional Product Information
Coverage and Mounting

Ordering Information

Unit Controls

Home | Newsroom | Gorporate | Products & Solutions | Sales & Support | Contact Us | Site Map | Basket
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Technology
Light Tube Commercial Skylight.

This technology is essentially a 10” to 21 diameter skylight with a prismatic or
translucent lens that reflects light captured from a roof opening through a highly
specular reflective tube down to the mounted fixture height. When in use, a light
tube fixture resembles a metal halide fixture. Uses include grocery, school, retail
and other single story commercial buildings.

Estimated Energy Savings — kWh

As noted on the following table, the average savings is calculated to be 361 kWh.
Please note, this assumes only 21 and 14” installations.

Brand/size Lumen Output Equivalent KW kWh
Solatube 21” 13,500-20,500 2-3LF32T8 172W 0172 481.6
147 6000-9100 1-3LF32T8 0.086 240.8
10” 3000-4600 3-18W quad 0.054 151.2

_ 2800 hours per year used for savings calculations. Manufacturers maintain that
light overcast conditions still allow for adequate output to offset electric light use.

Summer Peak Savings
There would be a fairly high correlation between sunlight available for the light
tube and summer peak demand. Using 90% of the 0.129 KW average shown
above results in a demand reduction estimate of 0.116 KW.

Measure Life
Warranty is 10 years. We have assumed a 14 year average life.

Initial One-Time Cost ,
Do it yourself kits range in price from approximately $300 to $500. Labor to
install varies (approx. $200-$400) based on the type of roof deck. Average cost
assumed to be on the low end, $500. Unless installations are easy and
straightforward we don’t feel many customers will utilize this technology. New
construction installations are less expensive, and likely more viable.

Any Recurring Costs
Flashing may need occasional maintenance and lens many need cleaning.




Suggested Incentive
California Commercial Skylight program offers $56 for each installed 21”
Solatube skylight. California incentives tend to be fairly hlgh on a cost per kWh
basis. This technology appears to have a relatively low savings level compared to
the cost thus an extensive incentive is difficult to justify. We recommend using
$25 for the analysis. We see this as most cost effective in the new construction
market where installation costs are lower and planning and design can maximize
savings.

Requirements
Commercial and Industrial interior spaces that would otherwise require electric
lighting between 1-4PM on weekdays durlng the summer to reduce peak demand.

Existing Energy Standards
There are currently no standards for this technology.

Source of Info
California Energy Commission website www.energy.ca.gov,
www.evsolar.com/daylighting.htm, www.elitesolarsystems.com,
www.Solatube.com/solamaster.htm , www.dayliteco.com, PG&E Daylighting
McDonald’s case study, manufacturer’s web sites,
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EV Solar Products: Solar Daylighting ' Page 1 of 2

lEV Solar Products
§ 2655 N. Highway 89, Chino Valley, AZ 86323
ph: 928-636-2201 fax: 928-636-1664
email: info@evsolar.com

Tubular Skylights

Natural Light

Tubular Skylights are an easy way to add light to dark areas of your
home. In addition fo the free daytlme operating costs, the Natural Light
tubular skyhghts do not contribute to heat loss or gain, unlike standard
framed-in skylights. As a bonus, tubular skylights often qualify for local
tax credits as an energy conservation device.

These units are easily installed by the homeowner, or we can arrange
installation in the tri-city area.

All kits include dome, stress collar, roof jack, 4' light pipe, trim ring,
diffuser and hardware kit. All sizes except the 21" kit comes with either
a flat for slanted roof jack The 21" kit comes with a flat roof jack only.
G The diffuser is available in soft white or prismatic, please specify at the
} time of order.

Options:

Evening Light Kit - In.instances where a room is too small to have both a skylight and light
fixture, Natural Light has a solution. Natural light has two light kits available that add either an
incandescent or fluorescent bulb inside the light tube and wired to the wall switch.

Integrated Exhaust System - The bathroom is one of the most popular rooms for added light.
However, large amounts of warm moist air can be an issue. Natural light has developed an
integrated skylight exhaust system system that once again combines two functtons inone. The
Super Vent Fan (SVF) is capable of exhausting 125 CFM.

10" Kit $202.00
2' Extension pipe $27.00
13" Kit $256.00
2' Extension pipe $29.00
18" Kit $372.00
2' Extension pipe $45.00
b 21" Kit $480.00

2' Extension pipe $58.00


mailto:fo@,evsolar.com

EV Solar Products: Solar Daylighting Page 2 of 2

Light Kit $25.00
Light Kit - Fluorescent $87.00
Super Vent Fan Kit $260.00

All prices éubject to change without notice.
If you would like to place an order please e-mail us or call 928-836-2201. We accept all major
credit cards.

R

‘Retum to Retumto fo

Bricing Menu i Ml

E-mail EV Solar

Updated June 25, 2002



Elite Solar Systems

Elite Solar Systems
Tubular Skylights
& Attic Fans

310 E. Comstock Dr.
Chandler, AZ 85225
Phone 480.635.9748
Toll Free:
866-772-5418

Fax 480.635.9767

ROC #170005

foam coverings,etc...

Page 1 of 3

Home About Us Products  Commercial Dealer Info  Contact

Products : Examples

One piece aluminum flashing
specially designed to fit flat or
pitched roofs;with shingle,tile or

Flashing
We offer a great variety of sizes for ‘
your residential, commercial and
industrial needs. We recommend
10"-13" or 18" sizes for houses with
flat or pitched roofs and these sizes
plus 21" and 24" for commercial and
industrial buildings with flat roofs.

101!’_1.31'1_.18'{!_21'"
& 24" Dia.

10" Tubular skylight perfect for
laundry rooms which is available
with a 42 watt flourescent light kit or
vent.

10" perfect for laundry
rooms

We provide a aluminum skirt with a
tile installation for extra protection
on leakage, where the aluminum
conforms with the tile.



Elite Solar Systems Page 2 of 3

The Elite 3in 1

Skylight for solar daylighting, light
kit for night use .and powerful - : =
ventillator. It will eliminate extra o R
fixtures in the ceiling. Excellent for Aluminum skirt w/EP
bathrooms and laundry rooms,
available only with 10" skylight.

T 3

DM

rubber

We also offer a spedially designed
Solar Powered Attic Fan. This
product will also contribute
significantly in lowering your electric
bill by pulling hot and humid air from
the attic and will stretch the lifetime
of your air conditioning.

This Solar Powered Fan can also be
retrofited to ventilate the garage. It
will remove hot and humid air in the
warm seasons as well as any
harmful fumes caused by
automobiles or stored chemicals
year round.

> M ;Q"L%’ix‘ :Qm:" T
Elite Solar Powered
Attic Fan

A very appealing look. All our ceiling
and decorative rings are made from
aluminum and powder coated.

ALL ALUMINUM COMPONENTS,
FLASHINGS, COVERS, HOUSINGS,

COWLINGS AND RINGS. Elite Solar Powered
R Garage Vent

| AT § SR ¥ RN L . ! 1 P . mIAA N AN~



Elite Solar Systems

White domed diffuser to soften the
sunlight in any place of your home.

DO IT YOURSELF KIT _

10" Tubular Skylight Kit - $159.00
13" Tubular Skylight Kit - $195.00
18" Tubular Skylight Kit - $295.00
21" Tubular Skylight Kit - $345.00
24" Tubular Skylight Kit - $445.00

Solar Powered Attic Fan - $349.00
Solar Powered Garage Ventilator ~
$395.00 .

Each Kit Comes with 4 Feet of Light
Tube
Made in the USA

Approximate Coverage Area for
Tubular Skylights.

10" Approx. 150 sq. ft

13" Approx. 250 sq. ft

18" Approx. 400 sq. ft

21" Approx. 500 sq. ft

24" Approx. 600 sq. ft

310 E. Comstock Dr. Chandler, AZ.
85225

Phone: 480-635-9748

Fax: 480-635-9767

CALL FOR WHOLESALE PRICING

‘Page 3 of 3

Decorative Ceiling Rings

MADE IN USA



Solatube Brighten Up Series skylights, DIY Kit Pricing. Page 1 of3

- Innovative

natural » - ot
llghtln & AreYou Considering Another Brand of Tubular Skylight?
~ Your #1 Solafube Source ‘ C}li(i'k Hcre First!

Home | 10" Solatube | 14" Solatube | 21" SolaMaster | SolarStar | Product Specs | Co
Us

D-I-Y Kit Pricing
10" & 14" Unit Basic Kits include:

Pre-assembled top and bottom adjustable-angle tubes.
Ceiling diffuser, impact resistant dome, metal flashing, seals, fasteners, instructions.
Solatube makes a flashing for every type of roof.
All flashings are one-piece fabrications.
Ten Year warranty on all Solatube skylight components.

SOLATUBE DIY PRICES INCLUDE SHIPPING/HANDLING IN THE
N CONTINENTAL U.S.A.

10" DIY Kit: | $329.00*
Includes 10" Basic Kit, 4" INFINITY® tubing.
Standard Flashing options: Pitched; 4" tall flat; 6" tall flat.

10" Extension Tubing;:
To minimize cost and waste, extension tubing is available in two lengths.

10" - "C" Tubes = 16" length, per section. _ $2800*
10" - "D" Tubes = 24" length, per section. $45 00*

PN
14" DIY Kit: $439.00*

Includes 14" Basic Kit, 4' INFINITY® tubing.
Standard Flashing options: Pitched; 4" tall flat; 6" tall flat.

14" Extension Tubing:
To minimize cost and waste, extension tubing is available in two lengths.

14" - "C" Tubes = 16" length, per section. 3—_—_—3 200*
14" - "D" Tubes = 24" length, per section. $55 Q__Q*

PR N )



Solatube Brighten Up Series skylights, DIY Kit Pricing.

Page 2 of 3

'$70.00*
$80.00*
21.00%

10" ,Light Kit:
Incandescent or fluorescent.
14" Light Kit:
Incandesg:ent or fluorescent.
Energy-efficient, 26 watt CF bulbs.

Optional Ventilation Kit:

Available for 10" unit only, and may be combined with a Light Kit.

INL installers not Licensed Electricians, service Homeowner
responsibility.

Underwriter Laboratories® approved.

Five year Electrical component warranty.

Ten Year Warranty on all other components.

Unit has an attractive, low-profile ventilation grill.

Fan motor moves up to 110 cubic feet of air per minute.

Venturi design maximizes airflow and prevents back draft.

Quiet, remote mounted fan ensures vibration free operation.
Optional Roof Vent Cap has a protective screen to keep insects out.

SOLARSTAR A

Simply, the worlds finest Solar Powered '@

Optional Light Kits:
Solatube Light Kits are
approved by Underwriter
Laboratories®. Designed
exclusively for Solatube
skylights, and are not approved
{for any other purpose. Three

| year warranty. Bulbs not
included. :

: INL installers are not Llcensed

Elecmcxans Electncal service 18’
the responsiblhty of
homeowner

$209.00*




Solatube Brighten Up Series skylights, DIY Kit Pricing. Page 3 of 3

Includes: 1 - Pre-assembled unit, fasteners, éealant, instructions. For more informatioﬁ on 'SOLAR
STAR, click here! ’

SOLAR. The Natural Choice. Clean, Dependable, and Free.

INNOVATIVE NATURAL LIGHTING

817 551 0998

© Copyright 1999-2003 INL
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