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Starting Time The time needed after switching on for the la 
fullv and remain liahted. shall be an averaae -- -_II 

Color Quality Color Rendering Index >80 

Starfing Temperature Lamp package must deciare the minimum st 
temperatures or geographical zone of use ar 
conditions (e.g., use in enclosed luminaire) fc . 
starting to meet the starting time requiremen 
C78.5, Clause 4.7. 

Run-up Time PerANSI C78.5, Clause 3.1 1 and 4.8, shall I 
minutes. 

Correlated Color Temperature If a product has a color temperature that doe 
between 2700K and 3000K, the packaging SI 
describe the color of the product (cool or war 
the intended use for the product. 

ENERGY STAR Specification ---- Electrical Requirements 

Input Voltage and Frequency 

Power Factor 
__- --__._I__-- 120 volts, 60 Hz 

>0.5 

Compliance with FCC 47 CFR Part 18 requir 
consumer limits 

>40 kHz 

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

-----I" -_.-I I -.I- ~ _-__I_-_ _I-- 

- __l_-__l__-l-___ 

Electromagnetic Interference 

Operating Frequency 
-~ 11-...1 

Transient Protection 

Base Medium screw E26/24 

Compatibility with Controls Lamp package shall clearly state any known 
incompatibility with photo controls, dimmers, 
devices. 

I 

_I 

Durability ENERGY STAR Specification 

6,000 hours, or greater as declared by the m 
__ I-__ 

Average Rated Lamp Life 

Warranty (applicable to normal residential use) Either 12 months from date of purchase, or a 
such as an "800" number or address for con: 
complaint resolution 

In English, or English with additional languac 

Table 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 D e  
LM9 

Lumen Depreciation and 
L.ife 

Compact Fluorescent IESNA-L.M65 & ANSLC78 5 
Circle Desian IESNA-LM40 

Color Rendering Index 

Transient Protection 
-_I-- l_llll."---l_ll_l- 

CIE Publication 13.3 

ANSVIEEE C62.41. Category A, 7 strikes 

FCC 47 CFR Part 18 for consumer limits 
_I-.-_ 

Electromagnetic 
Interference 

Note: Testing with a reference ballast shall not apply to integrally ballasted compact fluorescer 
These lamps shali be measured with their integral ballasts at 120 volts and 60 tlz. 



Compact Fluorescent Light Bulbs Key Product Criteria : ENERGY STAR Page 3 of 4 

Self- ballasted Compact Fluorescent Lamp: A compact fluorescent lamp unit that incorporates, 
enclosed, all elements that are necessary for the starting and stable operation of the lamp, anc 
not include any replaceable or interchangeable parts. 

I 

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 II 
period- The lamp operating position shall be base-up when measuring the initial performance \I 
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 i 
percentage of the initial luminous flux. The mean lumens are the value at 40% of rated life. 

Average Rated Lamp Life: The iength of time declared by the manufacturer during which 505 
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 c 

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 reconimendations of the CI 
No. 13.3-1 995. For color coordinates near the black body loci, tlie correlated color temperaturc 
be wed  to define color appearance. 

Color Rendition: The effect that the spectral characteristics of the light emitted by the lamp h: 
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 E 
illumination according to the recornmeridations of CIE Publication No 13.2. 

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

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

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 1 

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 hallasts. 

(B) Circle and square lamps with a maximum diameter of 9 inches or a maximum side length G 
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 
that may be open or enclo 
reflector lamps. 

rescent light bulbs with integral electronic ballasts and wh 
The lamp shall be primarily intended to replace wide beam Inca 

ENERGY STAR Home 1 Products I I Business Improvement I 
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P. APIAC: Asia Pacific Laboratory Accreditation Cooperation (NVLAP - MRA Signatory). 

Q. NACLA: National Cooperation for 

R. OSHA: Occupational Safety & Health Administration. 

boratory Accreditation ( W P  M W  Signatory). , 

S. NRJL: Nationally Recognized Testing Laboratory Program, which is a part of OSt1As Directorate of 
Technical Support. 

T: 
U. IESNA: Illuminating Engineering Society of North America. 

ission lnteryationale de I'Eclairage. 

lectrotech 

ciation. 

nsisting of lamp(s), ballasting, optics, 
ndescent or halogen type insulated 

Ceiling (IC) or non-1°C. recessed downlight into an "air-tight" (AT) fixture that uses an energy-efficie'nt 
source. 

BB ODtics - Include reflectors, baffles, lenses and/or diffusers, all which control the light distribution and 

cc. ight that covers the ragged edge of the ceiling cut-out. The trim 
, or it may be integrated with the optics (i e , a self-flanged 

o connectors on each end for converting behrveen one 
red to as a screw-based adapter and socket adapter. 

DD. short piece of cable 

2) Qualifvinq 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 apRlications. For the purposes of this ENERGY STAR 
specification, residential applications include single-family and multi family dwellings (such as houses 
and apartments), dormitories, public or military housing, assisted-living facilities, motels and hotels, and 
some light commercial applications. 

3) Enerqv-Efficiencv Soecifications for Qualifvinq 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 K i t s  can be found 
in Table 1A Specifications for qualifying outdoor fixtures can be found in either Table 2A - Outdoor 
Fixtures: Compliance Through Efficient Light Source g Table 2B - Outdoor Fixtures Compliance 
Through Reduced Operating Time 
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------ 
Correlated Color Temperature 

. .  

, .:.< ... . 

Noise 
. ,. 

- I _ ~  

Fixture Warranty 

Dimming 

Durabilitv' 

411 lamps must utilize an ANSI 
Standardized lamp base 
configuration 

ANSI-IEC Standardized 
Lamps 

Non ANSI-IEC Standardized 
Lamps 

ANSI Standardized Ballast 

_ _ _ _ _ l ~ - . - l  
For fixtures that are shippedwith ;[amp, and do n 
temperature of 2700K or 3000K (actual measured 
3000K 2 ZOOK), the packaging should clearly describe the color of the 

a lamp, a list of lamp types mu 
fixture complying with the 

sing, optics, trim and electro 
the date of purchase. 

I---" 

shall be dimmable from 100% to 30%, 
, 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, or be switchable 
to three levels of brightness, not including the off position 

Lamp bases shall meet C81 61 

Lamps shall meet ANSI C78.901-2001 or C78 81-200'1 as appropriate. 

For fixtures using non-ANSI-IEC standardized lamps, supply a 
manufacturer lamp specification sheet as appropriate. (Use ANSI lamp 
data sheets found in ANSI C78 901 or C78 81 and C81.61. 

Note. Specific lamp and lamp base characteristics that should be 
included in the lamp cification sheet are detailed in Table 3 

See "Performance Characteristics For Electronic and Magnetic 
Ballasts" presented later in this table 

ENERGY STAR Program Requirements for Residential Light Fixtures: Version 3.2 5 
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End of Life Protection ’ 

General 

Power Factor 

Lamp Current Crest Factor 

Maxirnurn*Ballast Operating 
Case Temperature for 
Optimal Performance 

Electromagnetic and Radio 
Frequency Interference 

Ballast Frequency 

Transient Protection 

End of Life Protection 

Per ANSI C82. t paragraph 5.3.1 and 5.3.2.1. 

I .  

I 3. ‘0.5 

nctuding linear, suspended, close- 
ssed canisters, etc. as well as to-ceiling, IC, ICAT and 

those fixtures that may be exempt from UL1598 

Not Applicable 

60 Hz 

Not Applicable 

-- ____I_-_____.___-”- 

ENERGY STAR Program Requirements for Residential Light Fixtures: Version 3.2 ’ 7 
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"~ 

att, for fixtures up to 70 listed lamp watt; 

mens Per Watt, for fixtures from 70 to 150 listed lamp watts. 

. metal halide lamp in a mogul base : 

-_._.--lll_ll_- _.- -ll_p__l 

Electromagnetic and Radio 
Frequency Interference 

nsumer use (FCC 47 CFR Pari 18 

---- " - --- 
n fixture packaging at shipment, 
f defective parts of the fixture 
lamp) for two years from the datt 

-__..__l...l__ "_ 

Safety 

ENERGY STAR Program Requirements for Residential Light Fixtures: Version 3.2 9 



J! 4) Qualification Process, Acceptable Testina Facilities, Testina Standards & Rewired Documentation: 
fixtures as ENERGY STAR, 

The~followinig stipulations appljr: 

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 when operating on the fixture’s ballast. To ease t h e  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 SPAR Residential Light Fixture Qualified 
Product Information (QPI) form along with required documentation To obtain the current version of 
the form, visit the “Lighting” section of t he  ENERGY STAR Web site at www.enerqvstar.clov/partners 
and click on “Product Specifications “ 

Explanation of Acceptable Testinq 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 
PSHA 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 lamp 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 
laboratories mentioned in the previous paragraph 

ENERGY STAR Program Requirements for Residential Light Fixtures: Version 3.2 11 



Light Output 
I 

-- -. 
qeflectors (Table 1A) 

.amp Start Time 
{Tables 1, IA) 

Lamp Life 
(Tables 1, IA) 

-I -- 
IESNA LM-40; LM-65 

!equired Documentafion ____ 

Laboratory test results must come from the 
ric 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 Letter 

of Qualification that lists the lamplballast 
combinati0n;used 
test res,ult jot this 
characteristic. 

Note: The labor4tory used for this 
be accredited by' NVLAP and have a scape 
of accreditation that includes the method of 
measurement reference standard for this 
performance characteristic. 

Record the reflector type in the appropriate 
space on the Qualified Product Information 
(QPI) Form 

I 

Laboratory test results must come from the 
lamp and ballast combination that is shipped 
with the fixture. Provide a test report from- 
1. a laboratory accredited by NVLAP, or 
2 a laboratory accredited by one of its 

MRA signatories; or 
3. a laboratory accredited by an OSHA 

PA approved Platform Letter 
ion that lists the lamp/ballast 
used in the fixture and the. 

test result for this performance 
characteristic 

esults are not required for 
qualification However, a 

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

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 far this 
performance characteristic 

ENERGY STAR Program Requirements for Residential Light Fixtures: Version 3.2 13 - 
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-- 
limming 
Tables 1, IA) . 

-.-___- ~ 

qo Standard Available 
Use manufacturer protocol) 

I- - 

\ laboratory report is NOT require 
d at the time of productsu 

lowever, it should be stated on the QPI form 
F the ballast is dimmable. 
b t e :  A laboratory test report proving the 
ixture is dimmable from 100% to 30% must 
)e submitted upon EPA request. 

-- 

Specify applicable ANSI or ANSI-IEC 
Standard Data Sheet Nu 
lesignated base type on 

ncluding the following as appropriate. (Use 
4NSI lamp data sheets found in ANSI 
278.901 and C78.81 as reference): 

o Lamp Description: 
Lamp Abbreviation 

.- Nominal Wattage 
-. Nominal Dimension (OAL., Width, 

- Bulb Designation 
- Circuit Application 

Depth) 

o Physical Characteristics 
Dimensional Characteristics 

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

o Operating Position 
o Cathode Characteristics 

- Type 
o Radio Interference Suppre 

Capacitor 
- Minimum (uF) (at 60Hz) 
- Maximum (uF) (at 60tiz) 

o Lamp Starting Time 
o Reference Ballast Characteristics 

- Rated input voltage (V) 
-. Reference Current (A) 
- Impedance (ohms) 

o Thermal Conditions 
Base temperature rise (K max.) 

ENERGY STAR Program Requirements for Residential Light Fixtures: Version 3.2 15 
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Safety: Outdobr 
(Tables 2A & 28) 

NFPA 70, the National 
Electrical Code (NEC), 
including requirements for 
wet locations when 
applicable (Articles 410-4a 
and Article 100) 

Power Factor 
(Tables 1, IA) 

- 
Lamp Current 
Crest Factor 
(Tables 1, IA) ' 

-. __̂ I__- , 

ANSI C82.11-3.3.3 and 5.6 
ANSI C82.1-5.6.1 

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

1 I 

thermocouple is placed at 
the hot-spot location 

ballast 
r 

Lighting Research Center 
Durability 

Note: All qualified fixtures 
are expected to meet the I 

Maximum Ballast Operating 
Case Temperature for 
Optimal Performance 
requirements. This includes 
every qualified fixture 
including linear, suspended, 
close-to-ceiling, IC, ICAT 
and Non-IC recessed 
canisters, etc. a s  well as 
those fixtures that may be 
exempt from UL1598. 

Provide the cover page of a sa  
or a general coverage statem 
OSHA NRTL including evid 
Test for Wet Location when applicable.- 

3. a laboratory accredited by an OSHA 
NRTL; or 

ved Platform Letter 
ts'the lamp/ballast 

test result for this performance 
characteristic 

Supply manufacturer or lab data. 

Note: A laboratory test report must he 
submitted upon EPA request. 'The test report 
shou 
balla , when installed in the fixture and 
after being in operation for at least 7 5 hours, 
does not exceed the manufacturer's 

that the temperature of the 

manufacturer, measurements should be 
completed in accordance with the LRC's 
"Proposed Durability Testing Method. 
Temperature" The laboratory 
may come from one of the follo 
house" fixture manufacturer laboratory; 2) 
lamp or ballast manufacturer laboratory; 3) 
third party independent laboratory. 

ENERGY STAR Program Requirements for Residential Light Fixtures: Version 3.2 17 
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Indoor Product 
Packaging 
Requirements: 
(Tables ?A) 

Recessed 
Downlight Retrofit 
Kit 

Lamp Socket 
Compatibility 
(Table 2A) 

---.1 

Time of Day Control 
(Tables 2A E: 26) 

Motion Control 
(Table 2B) 

Shut-off 
(Table 2A) 

No Standards Available 
\;-' ' : 

. + '  

,I 

NtA 
-4 1 , n of 

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. 

Supply manufacturer or lab data. 
Note: A laboratory test report must be 
submitted upon EPA request 

Supply manufacturer or lab data. 
Note: A laboratory test report must be 
submitted upon EPA request. 

-I" -II - -"--_-___-____~ 

Supply manufacturer or lab data. 
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 
agreement an the subject of ENERGY STAR qualified residential light fixtures, shall be terminated 
effective September 19, 2003 

A Qualifvinq and Labelinq Productsunder 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 Fixtures: Version 3.2 19 
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Chiller - Variable Speed Drive 

Cooling TowerslEvaporative 
Condenser 

116) Furnace - High Efficiency 

[ T I  Heat Pump - Packaged 

PI 
LEI: m. 
m (Gas) 

DelampinglFixture 
ModificationslRemovaI 
Exit Sign - CF Hardware KidlLEDI 
Electro-Luminescent 
Fluorescent Fixture . T8 
Halogen Lamp 10.6 Glazing - High Shade Coefficient -1-1 
HID Fixture 
Occupancy Sensor 

Photocell 
T8 Fixtures - 17 Watt Camp, 2ft or 32- 
watt Lamp, 4ft 

.DEI 

HVAC/S pace He a tin g/ Efficiency 

Insulation 
.~ ~ Reflective Window Film/ Windows 

Time Clock - Lighting 1 8 1  Set-Back Thermostat rn 
.Fixture: T8 Lamp & Electronic Ballast v] Timeclock ,xcl 

California Home CPUC Home Thursday, December 4,2003 

High Efficiency Lighting 
High Output T5 Fixture 

Induction Lamps 

Induction Fixture 
Indoor or Outdoor System Modification 

Established Cost-Effectiveness Inputs 

1 16 f Heat Pump - Split System u 
AC Packaged Terminal Units m 

1 2 1  Adjustable Speed Drive DEI 
1 7 1  Ground Source Heat Pump C z E J  

r l  Heat Pump with Integrated Water 
Heating 

m I 

Certain inputs to the cost-effectiveness test 
Commission. Parties should use these inpu 
their program proposals. These established 
given below represent the best-available d 
these assumptions periodically. 

the SPM have already been establi 
g their cost-effectiveness analysis to 
g with their sources, a r e  given below. All of the values 
e of adoption of this manual. ‘The Commission will update 

Effective Useful Lives of Energy Efficiency Measures 

the life-cyclegavings associated with ce 
an number af years 

ed program involves 
he EUL, citing any releva 

will b e  limited to a maximum of 20 years, 

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

Measure 
PSC Evaporator Motor - Walk-in/Display 
Refrigeration Case Doors - GIasslAcrylic 
Refrigerator Case with Doors 
Refrigerator Condensate Evaporator - 
Elec/Non Elec 
Strip Curtains for Walk-Ins 
Ballast: Electronic, for display case 
Defrost 
FHP & EFF Conditioner 
High -efficiency Liquid Suction Heat 
Exchangers 
Night Shields on Refrigerator and 
Freezer Cases 
Refrigerator: Evaporative Fan Controller 
Supermarket Systems 

Net-to-Gross Ratios 

Life ti me 
16 
12 
16 
8 

4 
16 
16 
16 
16 

I6  

5 
14 

Measure 
Efficient Dishwash ing 
Water Heater Controls 
Domestic Hot Water Boiler 

Miscellaneous 

Cooking Equipment 
High Efficiency Engine 
Kiln/Oven/Furnace 
Thermal Night Curtains 
Custom Measures - SPC 

Local Government Initiatives 

Extrusion Equipment 
Audits 
Plug Load Sensor 
Information 
High Efficiency Motors 
Variable Frequency Drives 
Process Overhaul 
Pump Test 
System Controls 

Lifetime 
5 
15 
20 

12 
15 
20 
5 
15 

11 

15 
3 
10 
1 
15 
15 
20 
15 
15 

Net-to-gross ratios (NTGRs) are used to estimate free-ridership occurring in energy efficiency programs. Free 
riders are program participants who would have iindertaken 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 
program's net impact.E 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 

I 
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program cost-effectiveness information. 
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Program proposals should use the applicabl 

utilize a default NTGR of 0.8 until such  time 
program evaluation. All existing programs not listed below shall also rise a default value of 0.8. 

listed below. 

more approp 

s not liste 

determin 
proposed program design deviates substant past design o rams, pro Y 

Table 4.2. Net-to-Gross Ratios 

Express Efficiency (rebates) 
Energy Management Services, iricluding audits (for small and 
medium customers) 
Food Services Equipment Retrofit 
Industrial Information and Services 
Large Standard Performance Contract 

New Construction 
Industrial and Agricultural Process 
Industrial new construction incentives 

Discount Rate 

in evaluating all energy efficiency program proposals, the Comrnission shall u s e  a pre-established discount rate of 
8.15%. This standard assumption, used as the default in recent years, may b e  updated in the kitnre. 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 a s  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 

ctricity or natural gas  that, in the absence of a program, would need to be procured and delivered 
consumer. When an energy efficiency programs creates a reduction in demand for electricity or 
ts 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 

* 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 t h e  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 
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/Program Years I 

/2002 
2003-2010 
201 1-2020 

Data Sources 

Basis 
Historical market clearing price data from the Power Exchange 
(October 1999 to September 2000) 
CEC market clearing price forecast, plus 20% 
CEC market clearing price forecast 
CEC market clearing price escalated by growth rate over previous five 
years 

Electric 

f Generation. These value 
aring prices using the MU 

tober 25,2000 ALJ Ruli 
-01-060. Modifications to the CEC forecast were as follows: 

sed on an August 2000 California Energy 
model. Values for certain years were upd 

Y2001 planning in A.99-09-049, subsequently adopted by 

on 
d on 

Table 4.4. Assumptions for Electric Generation Costs 

In addition, the values reflected in Table 4.3 incorporate an "on-peak" multiplier, as ordered in the ALJ 
ruling of October 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 Multipliers 

Program Years Multiplier 

2003-2005 
2006-2021 

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 Camrnodity Costs. Gas procurement costs are based on the CEC's August 2000 base case 
/price 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 SoCalGas territories, as represented by each utility in their PY2000 annual reports. 

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

ings from Demand Side 
5,2000 CALMAC report 
pternber 25,2000 CAL-MAC 



Technology 
Occupancy Sensors 

40-5 5 

30-35 

30-40 

45-65 

45-65 

I_ 

--_____I-__ 

_I__-- 

_II___ 

70-90 
- 
- 

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. 
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--........- I sensors (%) 
Novitas 

Stopper 

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 ft2 300 fi2 average x 1.2 watt/A2 x 3956 hours x 30% = 427 kWh 

1000 wattslkwh 

Over 500 !?' fi2 average xlz-watt/ft2 x 3956 hours x 30% = 1068 kWh 

I000 wattskWh 

Summer Peak Savings 
None - occupancy seiisors may reduce load at peak but no1 for most applications. 

Measure Life 
8-25 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. 
$400/unit instalied. 

Assume $100 to 





Any Recurring Costs 
None. 

Suggested Incentive 

Under 500 fi2 - $20/unit 
Over 500 ft2 - $40/unit 

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

Requ 

Care should be taken wh to ensure occupant 
sensors are passive 

ove the range of human 
rn and can detect persons hearing, then measure th 

behind obstructions. 
Both types of sensors fe 
on after no occupancy is d 
unit either more or less 
10 minutes so that lamp li 
ballasts are specified w 
LJltrasonic sensors are se 
should be adjusted to a 

ent w l k h  sets the time that lights are 
ivity adjustment which makes the 
etays should not be set for less th'an 

or make sure that programmed start 

ir movement from W A C  diffusers and 
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 their introduction more than 20 years ago, occupancy sensor controls for lighting systems have 

promised significant energy and dollar savings potential in a variety of commercial lighting applications. By 

automatically controlling lighting to tuTn lights off when spaces are unoccupied, occupancy sensars controls 

compliment connected load reductions accomplished by lamp and ballast retrofits, giving building owners and 

operatoxs additional opportunities to improve energy savings without compromising lighting sersice to building 

occupants. With typical estimated energy savings potential in from % to more than ?4 of lighting energy (Audin, 

1993, EPRT 1992), occupancy sensors have frequently been promoted as one of the most cost effective technologies 

available for retrofitting commercial lighting system?. Both national and many state new construction codes also 

recognize the contribution of occupancy sensors to meet the power density allowances for designing interior 

lighting systems. 

Ilespite widespread promotion of these bencfits, occupancy sensors have relatively poor market 

development compared to other lighting technologies. In addition to confronting the typical market barriers facing 

all ncw lighting technologies (high first cost, no uniform performance standards or measurement mcthodology, 

difficulty in specifying and commissioning, interaction with other system components, long term persistence due to 

user interference, etc), occupancy sensors also suffer fkoni the difficulty of definitively predicting and demonstrating 

savings. Unlike technologies that reduce connected load whcrc savings can be readily measured, occupancy seiisor 

performance is dependent on the user occupancy, lighting control paltenis, sensor selection and cormnissioning. 

Consequently 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 va'tuable 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. 

Previous Work 

Little objective, independent and detailed research information is available on occup 

patterns. Single building case studies have als 

10% to 19% have been reported for classroo 

gs et al., 1999; Maniccia et al., 

savings of between 45% an 

The primary objective of the present study was to investigate lighting operation and wo 

patterns across numerous commercial buildings to better quantify the p 

across typical space types By examining how occupants occupy their spaces and miiliiially 

and comparing these baclines to modeled occupancy sensor control scenarios, energy and dollars savings potentials 

are investigated. Note that the system economics of evaluating energy savings against lamp maintenance costs for 

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

Timeout Setting on Erwgy Savings, Lamp Cycling, and Maintenance Costs. 

Methodology 

Sixty organizations were chosen for shidy from active participants in the US. Environmental Protection 

Agency's Green Lights Program Thc shidy birildings were located in  hventy-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 conmercial building 

stock 
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Rooms 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 manual 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 categorized by primary occupancy type into 42 restrooms, 37 private offices, 35 

classrooms, 33 conference room, and 1 1  break rooms. Rooms were surveyed for occupancy type, dimensions and 

lighting system specification. Occupancy and lighting operation data was collected using Wattstopper InteliTimer 

Pro@ IT100 data loggers. The logger device recorded the time and state of the light andor occupancy condition, 

Each time occupancy or the lighting condition changed, the logger documented the time o f  day and the change in 

conditiok An algorithm was developed to convert the data recorded from the 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 the space. This was considered a detection error, and was corrected by 

modifying the data set to switch the occupancy condition from unoccupied to occupied for those instances. This 

occurred for: 

I ,  

4 six of the break room With detection enms ranging between m e  and 181 events {0% to 1 % of the 

total events) 

17 of the classrooms with detection errors rangtng between one and 2,677 events (0% to 13% of thc 

total events) 

16 of the conference r o o m  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 

totai events) 

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

total events). 

- 
- 
4 
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Descriptive statistics were calculated and cost analyses were performed for weekdays, weekends, and 

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

(Day) and one 12-hour evening shift (Night). Day and night shifts were analyzed from 06:OO to 18:OO and 1 

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

over the four weekend days in the monitoring period. Data p 

over the 14-day monitoring period Baseline occupant switching and occupancy patterns were e 

collected data on occupancy and light usage. The baseline occupancy and light usage data were 

modeling the effects of installing occupancy sensors with 5-, lo-, 15-, and 20-m.inute time deiay periods. 

Statistical analyses also were conducted to investigate whether there were significant 

the energy use for shift (day or night), time of week (weekday or weekend), and timeout setting, 

between shift and timeout settings and time of week and timeout settings. These analyses were 

evidence of which differences were real and which occurred by chance. Within-subjects analyses of variance using 

s (ANOVR) were used fox 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 for a 24-hour 

period to the baseline and the four timeout settings Follow-up tests were conducted using painvise comparison t- 

tests. 

For the energy calculations, the total load for each ioorn was used to determine iighting 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 occupicd 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 deterniined by applying a flat 'SO 08kWh 

rate to the modeled energy savings under each control scenario 
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Findings - Baseline data 

Total energy savings potential 

Deternlining 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 fiifst three axe of particular interest. Condition one is of interest for garnering 

information about how frequently occupants use these types of spaces with the tights on. Conditions two and three 

are of  interest when considering lighting controls If occupants frequently occupy a space with the lights off  

(condition two), then a manual lighting control device that allows occupants to hun lights off when needed should 

be provided Condition thrce represents wasted lighting enerby by having lights on when spaces are unoccupied. 

This condition is of primary importance when considering using automatic occupancy sensor control Table 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 infrcquently occupied, with the daily percentage of total occupied time 

with lights on and off never exceeding 24% Also, occupants did no t  diligently turn lights off when they vacated 

spaces, with the lighting systein in classrooms, conference rooms, and restrooms operating more oAen when the 

occupants were out of the room than in the room This is intuitively understandable in common 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 

diBcult to compare these results to other studies which have found higher savings potentials &om instalkg manual 

controls (Maniccia et al., 1999) 

Time of dayhveek impacts on energy savings 

Determining the applicability of occupancy semors p s  a control strategy suitable to obtain t 

requires an examination of when those savings present themselves. As an automatic control strategy, o 

sensors work best in areas where occupancy is intermittent and unpredictable. Where the lighting i s  ina 

left on overnight by cleaning, security, or occupants, a more cost effective control strategy may be an educaho 

campaign, or the installation ofa simple timeclock. For these reasons, the savings estimates are examined over four 

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

As expected, Table 3 demonstrates that the majority of mergy use (7648%) occurs for all space types 

during the weekdays, with S.5-85”/0 of total energyuse occurring during the day. Likewise, the rnajority of energy 

waste (between 7047%) occurs during the weekdays, not on the weekends. For all space types except restrooms, 

the majority energy waste also occurs during the daytime (53-70%) rather than in the evenings. This indicates that 

occupants controlled their lighting poorly during the workday, but were more diligent about turning the lights off 

after hours and over weekends This is particularly tnie 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 aud after hours This indicates that time- 

based controls (timers, timeclocks) could eliminate a significant amount of energy waste in common areas by 

controlling runaway operation after hours and on weekends, however occupancy-based controls would be more 

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

1 

Coincidence of savings with peak demand 

Centri to defming the economic benefits of occupancy sensors is understanding when the savings 

opportunities occur. Most commercial and industria1 facilities pay a considerable portion (as high as 40%) of their 
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I .  

electric energy 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 

kilowatts in the utility’s off-peak billing hours rather than during the peak demand billing period. Although the 

value of this savings is highly dependent on how the utility billing rate is structured (time-of-use, annual peak, 

ratcheted, etc), it is usehl to examine when the potential savings occur to understand haw occupancy sensors may 

conixibute to reducing a building’s peak demand, and reducing demand during peak utility periods. To evaluate this, 

Figures 1-5 illustrate the time 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 a 

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 confercnce rooms and offices) is generally not coincident with a 

building’s peak load (1  0 a.m. to 4 p.m.) or with a utility’s peak billing periods (exly afternoon hours). This would 

indicate that while sensors can reduci 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 ofthe lamps This allows the sensor to be customized to the 

application to reduce the chance of lanips-switching off when a room i s  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 kequent 

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

To examine the impact of time delay on ontrol scenarios for 5-, lo-, 15 

walyses were also conductedto inves time delays were modeled for each application. 

e of week, and timeout setting 

sts for these same control e evaluated in an assqciated pape 

amp Cycling, and Maintenance. r Timeout Setting on Ene 

Findings 

As discussed in the “Methodology” section, statistical analyses of the energy use data 

ere were significant di s between the energy use 

d), and $meout settin 

The energy use data 

actions between shift and timeout se 

ift were compared to the baseline an 

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

the timeout settings. 

The statistical analyses addrcssed the following questions” 

.I Is there a significant energy use difference between the shifts for the total monitoring period? 

Is there a significant energy use difference between the baseline and each timeout setting? 

Is there a significant energy we difference between weekdays and weekends? 

Shift verses timeout sett iiigs 

There were no significant interactious between the energy use for each shift and for the tinieout 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 

IES Paper #43 9 08/16/00 



for the classrooms). Figures 6 through 9 illustrate the results of the main effects tests for the break I O O ~ S  and% 

classrooms, respectively. 
., 

Significant interactions occurred befsveen energy use for each shift and timeout settings for the conference 

0.01). Follow-up tests illustrated that differences rooms (p .<: 0.05), private offices (p < 0.001), and restrooms (p 

between the shifts at each tirueout setting and the baseline condition were all significant (p < 0.001) for all three 

applications. Differences between the baseline condition and each timeout setting were all significant for Shift 1 for 

all three applications (p < 0.00 s between the baseline condition and each +eout setting als6 were 

significant for Shift 2 for all three applications (the conference rooms and private offices strooms 

fp <0.001]). Figures 10 through 12 i l lmate the results of the follow-up tests with the 95% confidence intervals. 

Figures 6 through 12 illustrate that more energy is used during the day than at night, which would be 

expected of these types of applications. They also show that installing occupancy sensors decreases baselhe energy 

use, and that energy use increases as the timeout setting increases because lights remain on for longer periods of 

time 

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 classrooms, conference rooms, private offices, and 

restrooms) Follow-up tests illustrated that diKerences between the euergy use values for the weekdays and 

weekends at each timeout setting and the baseline were sjbmificant 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). DiCCerences between the 

energy use values for the baseliue and cach timeout setting for the weekdays also were significant for each 

application 0, < 0 01 for the break rooms and classrooins, and p < 0.001 for the conference rooms, private of€ices, 

and restrooms). Differences between the energy use values for the baseline and each timeout setting for the 

weekends were not significant for the break rooms, classrooms, and conference rooms. However, these differences 

were significant for the private offices (p < 0 05) and restrooms (p < 0.001). These results are illustrated in Figures 

13 through 17 
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The two main points that can be taken away ftom this analysis are: 

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. 

the differences between the energyuse for each timeout settingmd the baseline for each application were 

all significant for the weekdays, but varied by application for the weekends. This indicates th 

savings can be adhieved during the week for aH applications, and during the weekend for 

alld reslrooms. 

- ,  

Effectswf Time Delay on Energy and Cost Savings 

As demonstrated 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 

and time delay selection significantly impacts the quantity o f  available savings. For this data set, 

restrooms showed the highest overall savings, followed by classrooms, conference rooms, and pnvale offices. Break 

rooms showed the lowest overall savings. The range o f  savings between the shortest and longest time out setting 

varied with application as well because of the occupancy pattern differences anmng the applications. Classrooms 

had the smallest savings difference between tlie 5- and 20-minute tune out settings (6%) and restrooms had the 

largest difference (1 3%) 

Figures 18-22 illustrate the load profiles for the baseline energy use and modeled energy use under 5 and 

20 ininure simulated delay conditions These figures graphically depict the differences found in  the energy savings 

captured between the longest and shortest time delays These figures also confimi 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 scnsors laigest 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 Future Work 

People do not occupy spaces for a large percentage of time, and are not diligent about controlling the 

lighting in their spaces both during the workday, and after hours and weekends. This applies to both public spaces as 

well as personal spaces. The majority of this energy waste occurs 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 operation after typical business hours, but also capture savings during the business day, 

Although the majority of observed savings opportunities oecuned during the weekday, the peak savings 

contributions %om occupancy sensors for several space types did not fall within the typical peak utility billing 

periods (early afternoon) or peak commercial building demand periods (1 0 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 usehl topic of additional research, where assigning specific kilowatt-hour rates to each 

kilowatt-hour saved would yield more accurate indication of the economc 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 &om 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 restroorn application (47% to 60%), and the 

lowest in the break rooms (1'7% to 29%). Thus, &e 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 Efects 

of Changes Occupancy Sensor Timeout Settbig 011 Energy Savings, L.anzp Cycling, and hfaintetzance Costs 
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Table 1 .) Industry estimates of potential energy savings for occupancy sensors (in %) 

Space type 

Private office 

Open office 

Classroom 

Conference 

Restroom 

Warehouses 

Storage 

' j -  , ,  ~ 

CEC Esource EPRl Novitas Watt  
-, 

Stopper 
-- "" 

25-50 13-50 30 40-5.5 1.5-70 

20-25 20.28 30-35 5-25 

40-46 30-40 10-75 

45-65 22-65 4565  20-65 

30-75 30-90 4.5-65 30-75 

50-75 - 70-90 50-75 * 

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 

Occupied with lights on Occupied with lights off 

Day Night Total Day Night Total Day Night Total 

unoccupied with lights on 
- ---- -__.. I_ "-.-"- 

Breakroom 36% 7% 21% 4% 2% 3% 17% 1 1 %  14% 

Classroom 22% 3% 13% 4% 2% 3% 20% 17% 19% 

Conference 16% 2% 9% 4% 1% 2% 15% 7% 11% 

Privateoffice 32% 2% 17% 1% 1% 1 %  23% 9% 16YO 

Restroom 32% 7% 19% 1% 1% 1% 44% 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 

application 

Energy Use (YO) 

Weekdays Weekends 

82% 1 1 %  7% 18% 66% 3 

83%' 11% 6% 

24% 55% . 

Weekdays Weekends 

Day Night Total Day Night Total Day Night 

Break room SO% 29% 79% 12% 8% 21% 63% 37% 100% 

Classroom 40% 36% 76% 13% 1 1 %  24% 53% 47% 100% 

Conference 55% 24% 80% 12% 9% 20% 67% 33% 100% 

Private office 67% 21% 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- 

.cI c 0 v 
rrq 

3 
Q cn 
7 

Break- 
Room Day Night Total 

Baseline 5.53 -- 161.48 I 1.67 -- 48.76 - 7.20 -- 210.24 - 
5-minute 4.33 22% 126.44 35.04 0.78 53% 22.78 25.99 5.11 29% 149.21. 61.03 

10-minute 4.64 16% 135.49 25.99 0.89 47% 25.99 22.78 5.53 23% 161.48 48.76 
Ifjr-minute 4.83 13% 141.04 20.44 0.97 42% 28.32 20.44 5.80. 19% 169.36 40.88 
20-minute 4.97 10% 145.12 16.35 1.03 38% 30.08 18.69 6.00 17% 175.20 35.04 

Classroom . Day Night Total 
Baseline I I .37 -- 332.00 - 5.84 -- 170.53 - 17.21 -.- 502.53 - 
5minute 6.21 45% 481.33 150.67 0.94 84% 27.45 143.08 7.15 58% 208.78 293.75 

10-mipute 6.60 42% 192.72 139.28 1.03 82% 30.08 140.45 7.63 56% 22 4 
15-minute 6.88 39% 200.90 131.11 1.11 81% 32.41 138.12 7.99 54% 23 2 
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 --- 90.23 0.99 -- 28.91 - 408 - 119.14 - 
5-minute 1.76 43% 51 39 38.84 0.27 73% 788 21 02 203 50% 5 

IO-minute 1.91 38% 55.77 34.46 0.31 69% 9.05 1986 2.22 46% 64.82 54.31 
Ute 2.02 35% 58 98 31 24 0.35 65% 10.22 18.69 2.37 42% 69.20 49-93 
ute 2 I 1  32% 61.61 28 62 038 62% 12.10 17.81 2.49 39% 72.71 46.43 

Private 
office Day Night Total 

Baseline 2 83 -_- 82.64 ~ 0.51 -- 14.89 - 3.34 I-- 9753 - 
5-minute 1.92 32% 56.06 2657 0 14 73% 4.09 10.80 2.06 38% 60.15 37.38 

IO-minute 2.05 28% 59 86 22.78 0 16 69% 4.67 10.22 2.21 34% 64 53 33.00 
15-minute 2.14 24% 6249 20 15 0 17 67% 4 96 9.93 2 31 31% 67.45 30.08 
20-minute 2.21 22% 64.53 18 I 0  0 18 65% 5.26 9.64 2.39 28% 69.79 27 74 

Restroorn Day Night Total 
Baseline 3.10 -- 90.52 - 2 50 -. 73.00 - 5.60 "-- 16352 - 
5.minute I 83 41% 53 44 37.08 0 42 83% 12.26 60.74 2 25 60% 65.70 97.82 

10.minute 2.04 34% 59.57 30.95 0 52 79% 15.18 57.82 2.56 54% 74.75 88.77 
15-minute 2 19 29% 63.95 26.57 0.60 76% 17.52 55.48 2.79 50% 81.47 82.05 
20-minute 2.29 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 thc weekdays 
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Figure 5- Restrooin average hourly lighting condition profile for the percentige 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. 
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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% confideuce intervals. 
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Figure 14 Classroom post hoc comparisons for weekdays and weekends for the baselme 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 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 rooni 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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settings. 
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Figures 21. Private office weekday load profiles for the baseline and €or the shortest and longest time delay settings. 
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OCC 

nsumption up to 45%. Re 

usage reduces your energ 

mental impacts associate 

electricity generation. 

In this report, we discuss one approach 

office lighting energy consumption. occupancy se 

'These are inexpensive and effective devices that con quic 

easily be installed an a wall or ceiling. A list OF features to look for 

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

information from the major sensor manufacturers and identified a 

number of devices that satisfy these criteria. We  also explore other 

options for turning off unused lights and other equipment. 

Making Sense of Sensors 
Occupancy or motion sensors 

are devices that turn lights and 
other 
equipment on 
or off in 
response to the 
presence (or 
absence) of 
people in a 
defined area. 
Some sensors 
also control 
lighting based 
on the amount 
of daylight 
available in 

A complete 

sensor unit 

consists of a 

motion sensor. 

an electronic 

control unit. 

and a 

controllable 

switch/reluy 

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

Originally developed for we 
with security systems, occupancy 
sensors have been refined and 
enhanced to control lighting and  
W A C  in commercial and 
residential spaces More 
sophisticated sensor units now 
offer users a variety of adjustment 
capabilities; manufacturers have 



Making Sense of Sensors 
continuedfrom 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 

become more prominent. Where 

e year, but most pay 
es in two to three 

are available in wall- 
ed switch configuration for 

r other small areas 
and wallmounted 

specifically designed for 
bathrooms, stairwells and 
hallways. 

Although they are commonly 
referred to  as useusorsn, R. 

complete sensor unit consists of a 
motion sensor, an electronic 

-- _-_I--- 
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4Emhj4 ScUcLle 6&d-? 
Here’s an example: In Green Seal’s building, lights are left 

for 24 hours a day. IF sensors were 
instolled, the owtime w 

Area type % n 
Locker room 
large work room 55 
Rest room 50 
File room 45 
C--lI ..,-A LtIl lUll  W U I h  I U W l l l  

Corridors 
Small off ices 

reading control unit, and a. controllable 
switchkelay. Some nnits 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 tinier which 
signals the electronic control unit 
after a set period of inactivity. The 
control unit usesthe signal from 
the scnsor other inputs, 
(for examp from a light 
level sensor), as the basis on which 
to activate the switchkelay to hcrn 
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 we patterns or areas 
where lights are inadvertently left 
on, e.g., conference rooms or 

rooms. 
Other 
targets include places 
are not often in co 
lightinglequip 
controls are no 
copier rooms, bathrooms or 
storage areas. 
settings, indivi 
and office conference rooms, 
library stacks, warehouses, store 
rooms and bathrooms tend to have 
the most unoccupied 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 
usuaUy yield more significant 
reductions and a faster payback. 

2 Choose Green Report 



What JSind of Sensors 
Should You Use? 

Device sensitivity/accuracy and 
capability for multipie adjustments 
are the two most important char- 
acteristics to look for in a sensor. 

be a function of 

walking. Depending on type and 

sensitivity set- 
ting, sensors 
can also 
respond to 
false signals 
(or "false 
triggering"), 
such as air 
movements 
from WAC 
vents, or mo- 
tion on the 

movement of warm ! 

Keep in mind that studies have 
Selection I shown that lighting controls work 

only when they are appropriate I and unobtrusive, Occupants have 
should be a 

function Of disabled or defeated 
the type of 

activities in 

the sensing 

area. 

controls when they inter 
their daily routine, and 
specific areas such as 
stairs that should not 
by sensors. , 

Available Types o f  Sensor Teclinologi 

H Infrared or Passive Infrared 
(PTRI 

These sensors are tuned to 
detect infrared radiation &eat) 
from humans. A lens divides its 
coverage areas into pie-shaped 
segments and positive detection 
OCCUTS when the sensor LIsees'' 
the motion of infrared radiation 
from one wedge to the nest. IR 
devices are considered "passive" 
because they only detect 
radiation. 

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' 
focal length At longer distances, 
the lens requires larger 
movements in order to register 
occupancy. 

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

Advantages: highly resistant 

II Ultrasonic or Ul t ra  S 
( [ I S )  

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 

Advantages: sensitive to 
almost all types of motion, no 
coverage gaps, and can detect 
movements that are not in their 
line-of sight. 

But: they teiid to be more 
expensive t?mn PIR sensors, and 
are more prone to false signals; 
obstructions can reduce their 
effectiveness. Care must be 
taken to avoid overlapping 
sensors There have 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 unusurtlly 
shaped areas. 

These sensors contains both a 
microwave generator and re- 
ceiver Sensors emit microwaves 
and detect movements 
changes in the reflect 
quency (most automatic door , 

openers arc? microwave-operated). 
Advantages: quite sensitive 

and usually have good coverage. 
But: very little data currently 

exist on their reliability or 
operating cost 

applications only 
Recornmendations: specialized 

H Audio 
These sensors contain a 

microphone that ''listens'' for 
sounds made by occupants or 
operating equipment. 

by voice, fairly inexpensive, do 
not emit sound or microwaves; 
they are not defeated by partitions. 

But: they may mistake external 
sounds such as door closing, 
people walking, or even phone 

Recommendations: a good 

Advantages: can be activated 

ringing a.5 signs of occupancy. 

choice in unusually shaped areas. 
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Choosing Sensors such as an open office area, 
v conference r o o m  or Library 

stacks, wall or ceiling mounted 
pm. illtrasonic Or 

For most average-sized offices, 
wall switch-type PIR or US sensors 

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

care should be 
taken in cases 

# Compatibility: 
Wall switch sen- 
sors and control 
units must be able 

iluorescegt lamps. If you plan to 
upgrade or. install building 3 

automation in the near future, look 
for sensors with outputs that axe 
compatible with building 
automation systems). 

. 

Level Equipbed 
S ght or light level 
e ors should offer 
users override capabilities. 

Sensors must 

sensor failure. 

n Indicators: Sensors must be 
equipped with an audio or visual 
indicator to alert oc 
ever sensors,axe.on, 
warning prior to swi 

continued on page 6 

Available Types of Sensor Products 
a Hybrid or Combination 
Sensois 

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- 
sive (for small area applications), 
and may require more adjust- 
ments since sensors contain more 
than one sensing unit 

Recommendations. a good 
choice for large open areas and 
areas with unusual occupancy 
patterns or work requirements 

Advantages: can be very fool- 

H Integrated Daylight Sensors 

ultrasonic sensors with a light- 
level sensor 

dimming circuit to control room 

A combination of PIR or 

Advantages: can be wired t o  a 

lighting based on available light 
and occupancy. 

But: they can be difficirlt to 
adjust and require a dimming 
ballast or special wiring. 

Recommendations: good for 
arms that receive large amounts 
of daylight 

I Wall Switch Sensors 
A PIR, ultrasonic or 

comhinatiotlmyhrid sensor and 
control circuitry packaged into 
one unit, sized to fit in it 
standard wall box. 

Advnntages: small. 
inexpensive and easy to install 

But: their range can be 
limited, and depending 011 tbe 
location of the switch, they can 
easily be obscured 

Recommendations: good for 
smaller meeting rooms. 
individual offices and store 
roonis 

Wall or Ceiling-Mounted 
Sensors 

FIR, ultrasonic or hybrid 
sensors designed to be mounted 
separately from the control 
unit(s), usually in high locations. 

Adunntuges: can cover wide 
areas effectively; switching units 
can control a variety of equipment. 

But: they tend to be mor6 expen- 
sive and often necessikxte rewiring. 

Recommendations: a good 
chdice for large areas 

Specialized Sensors 
PER or ultrasonic sensors 

designed speciEcally for 
bathrooms, hallways and 
stairwells 

Advantages: specifically 
designed for these spaces. 

But: rewiring may be necessary 
if certak lights need to stay on. 

Recommendations. excellent 
for these areas. 
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____-- 

--- --_I_ -..- 

Technology Design 10300WS LIS 800 3 55.00 
Center, Inc. 
610-539-4210 

Unenco SOM-500 PIR 
51 0-337-1 000 

The WattStopper WX-277 PI R 

_ _ ( ~ ~  

408-988-533 1 _ _ _ _ ~  
LARGE AREA WALL SWITCHES AND SENSORS 

Leviton MFG 6775x PIR 2 700 5 92.00 
800 323-8920 

_-__ l l _ _ _ _ _ _ ” _ _ _ ~  I---- --_____- ---- 

------11_- - _ _ _ _ _ _ _ _ _ _ ~ - -  
Novitas, Inc. 0 1-083 us 2100 5 122.00 

MyTech Corp WS-22OOSF us 2200 5 N/A 
- -- -1_-.^--11^111- 

3 10 568-9600 
_____I”̂ --- 

~ --- 

5 12-450-1 100 __- --I _ _ _ _ _ _ _ _ _ _ ” ~ ~ . . - ~  -_ll__p---__l_ 

Sensor Switch WV-PDT PIR 2000 5 7700 ‘ 
203-2652 842 

Unenco C-500-2000 us 2000 5 99 00 

The WaitStopper w-2000x us 2000 5 100 00 

~ 
- ~ - - _ I _ - -  -- <...---- 

5 1 0-3 3 7- 1 000 
.-...--_ I I -- 

408-988 533 1 

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

0 1997, Green Seal, Inc. Use of this chart for commercial purposes is prohibited. Information in this table was 
confirmed by the manufacturer. 
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H Manual Controls: Look for 
wall switches with manual control 
capabilities. 

H Minimum Load: Sensors must 
be rated for 120,240 or 27X volts 
operation, and have a minim& 
load rating of 600 W @ 120 Y or 
1200 W @ 277 V. 

H T i e r  
Settings:Look , 
for an 
adjustable time Look for a 

from 30 
seconds 
to 15 
minutes. 

N P I  
COVERAGE AREA (ff) __ MPE/CATEGO RY HEIGHT (ft.) 

Wall Switches 3.5 300 

8 900 

8 to 10 1500 

- - - - - ~  --- 

_II--_ - ________-_I__-. 

Hallway 8 to 10 

Cornbination _I Wall a to 10 1200 
Mount 

Combination - Ceiling 8 to 10 1800 
Mount 

- ~ -- - --- .- 

____ __l_l-___(_I.-_-- II-I -- 
--I 

H Warranty: Look for a repair Other T b E S  to 
or replacement warranty covering 
a minimum period of three years 
after installation. 

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

v 

Consider 
Your savings will vary 

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

continued on  page 7 

S U C C E S S  S T Q R Y  

(From Lighting Management & 
Maintenance, February 1996 - 
Reprinted with author'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. Ahout 2/3 of the 
building is open office space and 

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 PIWmicrophonic). The 
installation was carried out over a 
siu-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 systenls 

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 a s  important i s  the fact 
that the sensors were readily 
accepted by the building's 
occupants - high level lawyers 
and executives - without 
complaints. 

the Connecticut Department of 
Public Works. 

For more information, contact 
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Other Things to Corwider 
continuedfrom page 6 

However, savings can be 
achieved without the use of 
sensors. ff 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 

e, more effective 

come from lighting 
retrofits or other 
conservation 
measures. 

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 units are not 
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 minutes) 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 

Lighting Research CenterfiPI 
9 16-h54-5200 

5 18-276-8716 
tain InstituteE 

en Lights Program 

development of total building control systems may 

t your installation of sensors. These computerized 

systems use sensors and actuators to monitor entire 

buildings and regulate their lighting, HVAC and ofher equipment. 

Standardized softwore and control/sensor modules are now being 

developed for use with these control systems. If your building is 
scheduled for automation, it may be necessary to use sensors that 

can be integrated into the proposed system. Additionally, the up 
coming revision of ASHRAE standard 90.1, which will include 

requiremenk for building lighting and equipment controls, will aff 

new and retrofit buildings. 

--__I__)--- 

A N N O U N C E M E N T  

Trane Chillers Earn environmental standard for 
electric chillers. Central to the 
standard are requirements for 
high energy efficiency levels and 

the Green Seal of 
Approval 

Green Seal has certified the 
Earth*Wise" CenTraVaP chillers, 

minimal ozone depletor releases. 
The Earth*Wiie" CenTraVaP 

receive the 
Green Seal of 

chillers on the 

water pollution associated with 
extracting and burning fossil 
fuels for electricity Chillers. or 
chilled-water air-conditioning 
systems, typically handle cooling 
tasks in large commercial and 
industrial build~ngs 

To earn the Green Seal, these 
Earth*Wise" CenTraVac@ chillers 
had to meet Green Seal's rigorous 

200,000--300,000 cars from the 
road every year 
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Guide 



Introduction 

Overview of 
process 

Quick reference 
tools 

Occupancy sensor lighting eontrul design 

guide is intended to assist the 
lighting professional in selecting, laying O U ~  and s p e c - w g  an occupancy-based lighting 
mntrol system. The guide includes an overview of general design considerations and occu- 

ecific recommendations, and control principles, a qr 
e application scenarios s will help you in defking and 

ng the optimal occupancy-based control solution for every type of building space. 

Steps to implementing occupancy-baser1 control programs: 

* Identify whether occupancy sensing is the appropriate control strateg~r 
ccupancy sensor teclrnology for each application 

-match the sen& technology to the application 
ect sensor Coverage pattern elect sensor device features 

is guide includes a flow chart that illustrates 
plernenting an occupancy sensor applica- 

list that offers critical design guidance in the 
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 
wit31 occupancy sensor, lighting control panel, daylighting, or any lighting con- 
trol design question. Call The Watt Stopper’s techniclzd. support at 800/8798585. 
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Design co nsi dera 

I 

-Yes-- 

Yps 1 I 
No 

-c 

1s there moving Is there a clear 

050 MJ 2 The Watt Stopper. Inc * 2800 De 13 Cruz Blvd Santa Clara, CA 95050 - (408) 988-5331 - (408) 988-5373 Fax * (800) 879-8585 Tech Suppon 



Quick technical reference list 

Designers and installers can use this general list of “Do’s and Don’ts” as a quick reference 
tool in determining the mrrect sensor for an application. To evaluate individual sensor mod- 
els, we recommend you review the specific cut sheet for that model, located In this binder 
under the “Products” tab. 
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Occupancy 
patterns 

ing 

In developing a lighting control program, lighting professionals must consider important *., 

energy management fadors: 

--n gies m 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 it) is unoccupied? 
Is energy being wasted due to lights being left on in unoccupied spaces? 
Do occvpants or maintenance personnel leave the lights on after business hours? 

* Is the space intermittently used? 

Yes? 
Jf some or all of the answers to these qucstions are ‘Yes,” occupancy sensors are a viable 
control option. Combining this control strategy with others, such as time scheduled or day- 
lighting control, can niaximize energy savings and reduce wasteful lighting. 

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

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

No? 
If the answers are “no,” occupancy.based control may not be 
your facility. Our technical support team can help you iden 
Stopper control solution for your facility. 

ropriate solution for 
st effective Watt 
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lmpoltant 
factors 

Evaluating space 
characteristics 

Selecting the proper occupancy sensor 

Identitying the ideal occupancy sensor for a particular application invalves the consideration 
of several factors that are equalky critical to an effective control solution. While project mem- 
bers may be assessing these factors simultaneously, each is essential to the ultimate result. 
Because d i e ren t  sensor technologies work best under different cirbstances, incorpo- 
rating these fa’ctors into &e decision making pracess’win provide optimal results: 

.:. . 
I. , . i . .  

. , :.v. Evaluate spar2 
characteristics 

.---- 

Match sensor 
technology to 
application 

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

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

* Location of walls, doors, windows and drapes 
Ceiling height 

* Partition height and location 
Location of shelves, book cases, file cabinets, and large equipment 
Large objects that would block or alter a sensor’s coverage 
Location of HVAC ducts 6~ fans 
Areas with available sunlight for added light level sensing 
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 
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Sensor 
technologies 

050 MJ 2 

~- 

lncompalible physlcm 
eharacletlsllc 

- _ _ _ ~  

Matching sensor tech l i  S 

Occupancy sensors 

ristics that would 

- 
PIR wall switches 

- line of sight - cutoff 

spaces 

by occupants 

sensor view 
- obstades blocking 

- line of sight 

sensorview 

Ultrasonic ceiling 
sensors 

- volumetric 
- no dear cut off 

-high levels of 
vibration or air flow 

Dual Technology 
sensors 

~ complete coverage 
- cut off 

- classroom 
- spaces with low 

motion levels by 
OccuDants 

-high levels of ail 

-warehouse 
flow 

Note; “Cut off‘ refers to the ability to clearly define or limit sensor coverage so that detec- 
tion capabilily will not intrude into adjacent spaces. 
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Product coverage 
patterns 

Coverage patterns 

Once the technology choice is made, many different coverage sizes and shapes are available 
within each sensor technology. Thus, a sp 
for a particular space. Familiarity with the engineers make the 
right selection. 

choice than anather 

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

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 1@20% 
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ON mode 
operation 

Product features 

When selecting specific occupancy sensor models, lighting desi 

Automatic ON or Manual ON 
With the automatic O N  feature, lights aiitomatically turn on 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 maximal 
convenience. The manual ON feature requires the occupant to turn the lights on manually. 
This CapabiIity provides the greatest energy savings possible. 
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Isolated 
relay 

Product features (cont.) 

Isolated relay 
Available in some PlB, ultrasonic, and DT sensors, the singlepole, doublethrow isolated 
relay enables interfacing with a facility's HVAC, EMS, or monitoring systems. 

that can stand tip to 
tch lens, this hard 

c offices, or areas 

/ I ,  \ This WA wall switch includes fie light 
K-Z-j 
, Auto ON switch levelsensing. automatic ON, andhard 

lens feafures ' 69 
Light Level sensor 

s_L Hard lens 
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Configuration 
types 

CeilinglVVall 
Mount Sensors 

Occupancy s 

Watt Stopper sensors are available in two basic mounting configurations to facilitate proper 
instanation and use: h 

w d  switch replacements 
ceiling or wall mount sensors with power 
packs 

WA sensor replaces conventional wall swircb 

alogy and therefore require a clear line of sight of 
small enclosed offices or rooms. 

sensor system incl 

3 s power to 24 VDC 

relay that is used to switch the load. These 

different sensing technologies and offering different 
features and coverage patterns. 

powerpack; are u * e ~  when cer l rn~ sen- 
sors are selecfed 

Some sensors are recont 
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 built-in bracket systems 
that provide ceiling mounting 
as well as wall mounting. This 
is important for applications 
where the ceiling is unavailable 
for sensor installation. 

e??5= 
C1-200 ceiling mount sensor 

nie OT-ZOO sensor can be /nsla//ed 
on the ceiling (outlined here in 
black) or on rbe wall (outlined here 
as dorted line) 
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Sensor 
placement 

Wiring 
considerations 

Adjusting 
sensors 

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 Ojinimize the possibility of 
false ONs or OFFs due to sensor loca- 
tion. For instance, an dtrasonic sen- 

. sor should not be positioned near an 
open doorway, since a passerby could 
trigger a false ON. An ultrasonic sen- 
sor should also not be positioned near 
an WAC return or air supply =.ser. 

Wlien installing ultrasonic 
sensors, installers should 
position l-he receiving side 
toward the =ea of Peatest 

This PIR wall switch has been positioned to look info The ~ O Q ~ I  

rather than out the door, minimizing the possibility of false trig 
gers Nothing is obstructing the sensor's view and rt faces the 
front of h e  worker 

traffic. 

stalling 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 XI installer fails to properly 
ground this type of sensor, it Will not work as designed. 

Wall switch replacements typically use lime voltage and are designed to fit within a standard 
switch box. 'Ihus, in requires no special wiring or relays. Installers using our decc- 
rator style switches 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 WI 
series, instidlers need not use a cover plate for single gang boxes, although plates will be 
needed for double gahg boxes 

Many of The Watt Stopper" wall switch sensors feature terminal style W i g .  'Ihis contrac- 
tor friendly screw terminal wiring system eliminates the need for wire nuts, making installa- 
tion quicker and easier 

Following sensor installation, additional adjustments may need to be made This is not 
uncommon, and is often due to last minute changes in furniture or fixhire placement 

the sensor settings for sensitivity and time delays should match the activity levels of 
nitored spaces. 

Installers can use The Watt Stopper's caveiage templates to lay out sensors on 
hcility blueprints. 
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Legend 

B [ -  Wall switch 

Dual technology FJ Ultrasonic sensor sensor 

e o  

Note: The graphics in this section are intended to illustrate flie text discussion. They are not 
intended to represent actual irnplemenfafions. 
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PIR wall 
switches 

(WI, WA, WS, 
WD series) 

Ultrasonic sen- 

series) 
sors (W, WT 

Applications in specific building spaces 

Small individual enclosed offices , 
Small utility roams 
Teachers' offices 

?* ' * .  

Conference rooms 
4 Open office spaces 

Corridors 
* Restrooms 
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050 MJ.2 

Applications in specific building spaces (cont.) 

Ultrasonic sen- 
sors (W, WT 

series) 

(DT-200) 

Conference rooms 
Open office spaces 
Large classrooms 
Multi-purpose rooms 

0 Banquet rooms 
Meeting rooms 
Storage arezzs 
Stockrooms 
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Applications iti specific building spaces (coni.) 

Stockrooms 
Storage areas 

*Corridors 
Conference rooms 

(C 
Gyms 

* Midtipurpose rooms 
* Enclosed offices 

Computer rooms 
0 Classrooms 
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pp I ications 

Organizations of all types can benefit from occupancy sensor: use in 
throughout the facility, Among the business sectors employing oc 
ing control include: 

FioanCial services institutions &e., banks, rx-edit unions, investment firms) 

0 Houses of worship 
In most cases, the differing nature of spaces W-thii a Wity @ll require that sensors of dif- 
ferent types be used. Lighting professionals can choose the sensors they need from The 
watt StoDaefs comprehensive line of occupancy sensors. Together, these different sensors 

A. 

provide a complete occupancy-based control solution. 

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

Open area 
control 

Small room, 
control 

Small 
lunchbreak 

room 

Resfrooms 

Application - Commercial off ice building 

large open areas divided into partitioned cubicles 

employee break rooms 
restraoms 
individual offices 
other examples not. shown (caderenee rooms, s, lobbies, warehouses) 

---- ----- ___-__l_". 
/ - - - - - - . - . - &  , 9  

fr r- I .-I- T, 
bounce ultrasonic Ils, ihxs, and orher 

30'x30'. . 
- - - - 1 - - - -  

@ w-2200 or W-2000A 

Because the utility rooms are small, enclosed, and internlittentty used, a PIR wall switch is 
the ideal choice. To ensure detection as soon as occupan~ enter the room, the device is 
positioned on a wall opposite the doorway, SO that lights turn on immediately. TVith average 
room dimensions of 300 square feet, the WS coverage pattern of 180" and 900 square feet is 
more than adequate. 

For a large, combination lunch/break room, the recommended sensor choice is an ultra- 
sonic sensor. Placement of the sensor would ideally be ab&e the main areas of activity For 
rooms ranging from 500-800 square feet in size, a single WT-1100 or W-1OOOA should be 
used. For rooms ranging from SO01500 square feet in size, a single WT-2200 or W-200OA 
would be preferred. Rooms larger than 1500 square feet can be controlled via ttltrasonic 
sensors by dividing the room's coverage into zones 

-- 20' 

20' 
The buildings' restrooms avtrage 6 stalls and 
600 square feet for fhese spaces ultrasonic 
ceilmg sensors are the recommended choice, as 
the stall part/r/ons would inhibit the effectiveness 
of PNI technology Models W- 7 700 or W- lOOOA 
will provide adequate coverage with the use of 
one sensor per restroom. 

0 W-l IOOor W-YOOOA @Sfandardlogg/e swilch 
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Application - Comme t.1 

Enclosed private 
omces 

Facility 
schematic 

I 
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Application 
scenarios 

areas up to 1o'x 90.9 Sensor placement 
Corridors I! 0 I 

Gu 

Public 
resfrooms 

. .  
3 .  ... 

, < >..:: . , 
1 .. . .  . 

Application" - Hotel 

. .  
* guest Door corridors 

other examples not shown (utili& rooms, small offices, gym/public rooms) _-- - _-I__. -_-I_ 

sh verage for main- . 
en as elevators and 
stairways. 8 WT-2250 

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

Banquet/meeting 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-ZOO sensors to niinimize the 
occurrence of false offs. Smaller ban- 

1 with a combma- 

several different types of 
sensors to ensure optimal coverage for 
each specific space 

0 DT-200 

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

1 

Merchandising 
displays 

Application Retail store 

> ’  I . 8 stockroom/warehouse 
r&gerakd storage area 

i .  
sales floor 
other examples not s 

A CX-IW 

Q CI-2w 

with C/-200 sensors as long as ihen? are no 
obstrucrions You can team sensor control with 
other control strategies, such as daylighting or 
scheduled conrrol for other stockroom/ware- 
house areas (i e ~ loading docks) that have access 
to natural light 

. 

arge @ID) lighting can employ T11e Watt 
with sensors to provide occupancy-based 
mation, turn to the DM-100 cut sheet and 

While the principal purpose of Lighting in mcrchandising 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 lighting. Switching display lights off via occupancy sen- 
sors enhances product life while ensuring an effective product display. In the deli area of an 
upsrde supermarket, two levels of lighting are employed, one to contiuudly provide basic 
illumination. The second level of lighting, positioned above displays of gourniet 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 - Reta'il store (coni.) 

Iighting in r d d  storage areas, such as meat lockers, is best controlled by the CB-lo0 PnC: 
sensor, which is designed specifirally for cold temperatures and is more sensitive to motion 
in cold conditions. In placing the sensors, we recommend that entmices and staging areas 
are well covered. 

ergy savings can be obtained by controlling lighting in customer restrooms. 
on conhudlythroughout business hours, as well as while employees are 

restocking or cleaning the sales areas, these lights can be switched off when the restroom 

overcome obstacles such as partitions. In single res s, a switch 
sensor with a vandalresistant lens would also,be a g 

Lighting on the sa le^ floor itself can also be conk 

is vacant IJltrasonic technology is best suited to many restroom configurati can 

facility maintains full 
rs during which per- 

sors, only those lights 
HID, switch to full 

rvals before and after r 
y controlling individual ai  
e working will switch o 

output). 

K 
M SALES FLOOR 

A U - 1 0 0  0 CI-200 

(b CB-140 
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Application 

Application 
scenarios 

Classrooms 

Libraries 

Gymnasiums 

classrooms 
library 
gymnasium 

* lobby 
hallways, faculty o 

without creating false triggers. 

Id DJ-200 

In libraries, both the open areas and the book sta 
The book stacks are in 

lOOOA, or W-2oOOA). In 
will work well 

occupancysensors. 
(WPIR or CX-100 are 

good choices). Open ar 100, wr-2200, w- 
ctivily may be quite low, the DT-200 

TO ensure effective 
coverage of the gym 
floor, zones are over- 
lapped By dividtng the 
noor into different 
zones, lights trl one 
zone can be turned off 
while vacant even if 
adJacent areas are 
occupied 
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. ? .  

_. . . .  

Lobby 

Hallways 

Faculty 
off ices 

Facility 
schematic 

Application - Educational facility (wnt.) 

In this building, the lobby is a singlestory, open area. With ceiling heights that average 12 
feet, the area's lighting can be effectively controlled with ultrasonic sensa"rs. Because the 
lobby is not totally enclosed, but flows into adjoining spaces, W T  sensors are used to pro- 
vide overlapping zone coverage. 

liirary and classrooms. 
the suggested sensor in 
choice in a general use 
heights under 14 feet. In hallw 
the preferred choice. 

coverage patterns 
PIR wall switch sen 

ces the sensor location. 
Additionally, the hard 
other orientations, a c 
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, ~ Sensor Qpe 

Automatic Wall Switch 

Ultrasonic 

360" Ceiling Mount 

_I__---_ 

Automatic Wall Switch 

Ultrasonic 
........-- - 1 ~ " - -  

Wide Angle 

Wide Angle or 
360" Ceiling Mount 

Automatic Wall Switch 
or 360" Ceiling Mount 

360' Ceiling Mount or 
Wide Angle 

Automatic Wall Switch 

Wide Angle 

-_)___.-"_l_____ 
Automatic Wall Switch/ 
Ultrasonic 

360" Ceiling Mount 

tlitrasonic 

PIR Wall Mount 

- 1  
- --.- - - " ~ - " . ~  
P&S Model /Appropriate Application 

Use in storage rooms, walk-in closets and pantries. 600 sq fi coverage, with 1 minute time MCS 1 
delay for quick off 1 

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

Use in nurseries, bedrooms and basement 
- I___- 

be blocked by doors, filing cabinets, etc _ _ . _ _ _ ~ .  

I f  there are obstacles present, the C 

--- 

e rooms under 300 sq. fi .  To ensure detection at the far end of a room, it is 

without moving equipment that may falsely activate the sensor The 

rooms (400-1000 sq ft ) without obstacles that may block a PIR 

USiO01 works well in a room up to 750 sq f i  Multiple sensors may be used in larger rooms. 

sensor's view The WAlOOl ceiling mount sensor works effectively 

_______.__-_____ -_-- I_ -_______- 

CSlOOl 
WA1001 

Conference rooms 1000 and 2500 sq. it. Two WAI 001 will work well when installed in opposite 
corners. One of the sensors should be placed to immediately sense occupants entering the 
room For rooms greater than 2500 sq. ft., use multiple CSlOOl or WAlOOl sensors in zones. 

- -  

OSC3000 
WS3000 
CSlOOl 

A wall sensor is suitable for break rooms up to 300 sq. ft. i f  there is a clear view of the room 
from the light switch For a room with an open wall that leads to other areas. masking material 
is included so the coverage zone may be more tightly defined Using a CSIOOI ceiling mount 
sensor is an alternative to masking 

I CSlOOl 
WA'fOOl 

In break areas between 500 and 800 sq. ft., use CS1001 FIR ceiling mount sensors. Rooms 
hefween 800 and 1500 sq. ft. require WAIQOI sensors For areas greater than 1500 sq. ft., 
break the room into zones and use multiple sensors 

WS3000 
OSC3000 

1 In copy and work rooms smaller than 300 sq. ft., an automatic switch works well; howcver, 
i f  larae cooiers block the sensor's view, use a ceilina mount FIR sensor 

them so that tall objects do not obstruct the sensor's view of the room For rooms exceeding 
I200 sq A use multrple sensors 

-__II~_____ 

__I_--. ~ -____^-- -- ___ 

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

hallways without walls or where coverage masking is required, HSlOOl  PIR sensors are 
perfect When mounted behveen 10 and 14 feet high, they provide a coverage area of up to 
10' x 9 0  Sensors should be focused on areas where people will be entering the space. 

"------.̂-----.I-____~---"- 





Occupancy Sensors 
useful Calcula$ions 

Examples of savings and payback 

EXAMPLE 1 

6.88; 5 Year Savings I $384.40 
including power pack: (Product and Labor) = $140.00 

140.00 = 54.92% 

EXAMPLE 2 

Savings = 50 hours per week 
Total hours saved = 2,600 hrslyr 
Annual Savings = $54.91; 5 Year Savings = $274.55 
Total estimated cost: (Product and Labor) = $54.00 
Payback = 11 -80 months 
ROI ~$54.91 i $54.00 = 101.68% 

".-- 

EXAMPLE 3 

Savings = 75 hours per week 
Total hours saved = 3,900 hrslyr 
Annual Savings = $109.82; 5Year Savings = $549.10 
Total estimated cost: (Product and Labor) = $ISO.OO 
Payback = 17.48 months 
ROI = $109.82 + $1 60.00 = 68.65% 

Multi-Sensor installation 

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

---_ _I_-. 

Examples: 

2 x US1 001 (28rnA) = 56mA 4 
This is an acceptable load because it is less than 64mA. 

2 x US1001 (28mA) t 1 x AR120/277(36mA) = 92rnA3 
This is not an acceptable load because it is greater than 64rnA. 





j o m  and walls and over other partitions -- - - ___.- 

Figure A Figure €3 

-4y----l Sensor 

Correct Incorrect 

For enclosed spaces, place sensors as in Figure A. 
Sensors placed as in Figure B may see aut the door 
and cause false triggers. 

1 1  Ll 

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





Pass8rSeymour 
Ira legamel' 

Occupancy Sensors 
Passive Infrared Sensors 

I I I 1 

to delod vertical as 

macli a maximum o I, doshop level of adwly. when mounted 

OUT 60-12OOW 277VAC 
LOAD 3MOOW 12OVAC 1 " ---__. -___--.-.."-- 

120OA LINE #BLACK 9 
277VAC 11.1 

OSC3000 

Nould I- -_.. I Gmund GRN , 

Single Level 
Lighting 
WS3OW I 

O n d l  Switch 

Clockwise .I Maximum 
Cwnisr-Clockwise - Minimum 

All devices listed on this page conform lo NEMA WD-I. 





our Occupancy Sensors 
Passive Infrared Sensors 

-. 

er ] - - ~ Y o l b g e ~ l  Description 

0 0 1  I Passive lnfraredoccupancy Sensor I 24VDC I 8mA I White I 
-. 

Catalog Number I Description I Ralings I 
Single Gang Stainless Steel Wall Plate for 
Box Mounting 1.203" diameter hole ____-..---."- 

ss1001 

Reference Page K-IO for Power Packs 

The CSlOOl has several mounting options: 
A) It can be attached to the grid system of a suspended ceiling with buill in clips 
6) It can be clipped into a hole drilled into Ihe ceiling or panel 
C) It can be mounted onto a wailplate (P&S Cat # SS1001) for box mounting 
It can also be surface 
mounted using 
#8 flat-head screws. A r, 

SSlOOl Wallplale 

/ 

All ,PllY/ I 

Tear off and dlscard 
Drill a l - l F  diarnelet hole 

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

01-082 Two-wav sensor 
01-091 Two-way corridor sensor 
01-230 Wall Switch 24 VAC 

) - 500 sq. R 7 
Number 

- 
01 -072 

01 - 
BAS074 

pecitications ~0d.f 
f c m d  

Sdecificadons 
rivOrd 

pecitications @$f 

Spccifications 
[Word Fom&l 

01 -076 

~ 

1~~~ 
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I io I scn 
Template 
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All templi 
1 to 1 scn 
Teniplale 

Template -~ .. 

01-083 I- Specifications 
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Description 

la11 area, one-way sensor 

5eII1plalc __ 

dll rcniplc 
1101 sca 
TemplaLe 

 em^ __ 

.l.cmplare 
Template 

Template 

Temulate 

le-way sensor 

le-way, BASEMS sensor 

ne-way sensor 

ne-way, airflow tolerant sensol 

wo-way room sensor 

wo-way room Sensor 

01-220 Wall switch 15 VDC 
01-300 Two-wav Super Dual Tech sensor 
01-310 One-b'av Super Dual Tech sensor 
01-320 High Bay sensor 
02-PCC Photocell con* 

Products By Model Number 

3 - 900 sq A. 

) to 900 sq fl 

0 - 840 sq A 

IO " 2,100 sq n 

10 - 2,100 sq It 

ccessory 
iiequire- 
ments  

itchpack 

itchpack 

ins former 

lay h 
ansfonner 

vitchpack 

:lay-& 
ansfomer 

dchpack 

Tech  
S h e e t  
(PDF) 

Tech Sheet 

Tech Sheet 

Tech Shed 

Tech Sheet 

Tech Sheet 

Tech Sheet 

Tech Sheet 

nstallation 
istructions 

(PDF) 
,Installation 
Instructions 

lristallation 
Instruclions ~- 

Imtallation 
lnsmictions 

Installation 
Instructions 

histallation 
___ Instruciions - 

Installation 
lnstmciions 







Product Index 

100-2,100sq.ft 

140 - 1,680 linear fL 

b 100 Iinear ft 

'0 100 linear fL 

o 100 linear A. 
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Transformer 

Switchpack 

Relay & 
Transformer 

Switchpack 

Transformer 

- 
11- 
lAS084 

- 
'1-087 

- 
1-091 

1-092 

30 - 1,270 sq R 

270 - 2,850 sq A 

0-soosq R 

50 linear it 

L -  
AS094 

1-100 Switchpack 

Switchpack 

Switchpack 

Switchpack 

-110 

-160 . 

-170 

.wo-way BASEMS interface 
ensor 

wo-way, airflow tolerant sewc 

wo-way corridor / warehouse 
:mor 

NO-way conidor I warehouse 
mor 

vo-way, BASfEMS corridor 
d warehouse sensor 

le-way sensor 

io-way, large room sensor 

till area, one-way sensor 

e-way corridor I warehouse 
sor 

Tech Shcel 

Tech Sheet 

Tech Sheet 

Tech Sheet 

'i'ech ~ - _ _  Sheet 

Tech Sheer 

Tec!!.Lhzt 

Tech Sheet 

Installation 
I n S t n l C l i O n s  

Installation 
lnstructions 

Installa t i o ~  
Instructions 

Installation 
Instructions 

Installation 
-. Instructions 

Inwllation __- 
Ins!nictions 

~- Installation 
Instructions 

'Installation 
Instnic tiorq 

lnstallntion 
-- Instructions 

i .. J I  
1 3 / A / ? f m 1  
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1-230 

AS260 

)ne-way enclosed corridor sers 

rwo-way enclosed conidor 
ensor 

iutomatic wall switch; 15 VDC 

iutomatic wall switch; 24 VAC 

iutomatic wall SwiICh;120/277 
‘AC, neutral 

,utomalic wall switch; 24 VAC 
tASEMS interface 

wo-way Super Dual Tech 

,ne .way Super Dual Tech 

igh Bay Sensor 

xtreme Temperature Sensor 

utomatic Self-Adjusting Wall 
witch, 120/277 VAC 
:ontact Novitas Customer 
ervice to confirm product 
vailabiiity ) 

utomatic Dual Level Self- 
djusting Wall Switch, 1201277 
AC (Conlacl Novitas 
ustomer Service to confirm 
,oducl availability ) 

p to 300 sq. A. Switchpack 

p to 300 sq A. Relay & 
Transformer 

p to 300 sq. A. I* 
p to 300 sq 8. ransfonner or 

BASEMS P 
00-1,750~q R Switchpack or 
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BAS 

Tech Sheet Installation t Instructions 

Instructions 
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idoor llse 

butdoor lJse 

or Atriums 

p -pCO utdoor photocell sensor 

Controller & 
Switchpack 

Controller & 
Switchpack 

Controller & 
Switchpack 

1 -pCA trium photocell sensor P 
01 -pCs Skylight photocell sensor 

1 -pDI Indoor photodiode sensor 

~ 

Does Not Apply 

0 - 01-094 & 01,170 

I 
Sneciiiclions herunlate 
fiVord Fonnat) I (0 I sco 

Models 01-1 00/01-160/01-180 

Models 01-100 & 01-190 

Does Not Apply 

Does Not Apply 

I 

124)7(-j Sensor guard for Model 01 -340 

&fications u f  
__ foniat) 

Not Available TelnDlate 
1 lo I scu 

Not Available Ternpiale 
1 so I scu 

13-041 EMSlBAS Switchpack 

~ 

cavy duly switchpack with 
ero-crossing; 120/277 VAC 

~ 13461 Heavy duty switchpack; 347 

13-071 HeaV dub' 
switchpack;220/240 VAC i 

idoor Use --I--- 
=jz= oes Not Apply 

I 

None 

None 

None 

None 

one 

I 
None 

I 
None 
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-- Tech Sheet 

Tech Sheet 

Tech Sheet 

Tech Sheet 

Does Not 
Apply 

Tech Sheet 

Does Not 
Apply 
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Apply 

Does Not 
Apply 

Does Not 
Apply 

Does Not 
Apply 

Does Not 
Apply 

Terh Sheet 

Tech Sheet 
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Tech Sheet 
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Technology 
LED Traffic Lights 

Energy Savings - kWi 
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 recomeridations include a 
breakdown between the two types of signals. 

Traffic signal (per lamp average) 
Pedestrian signal 

275 kwh, .085 KW 
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 $5 0/lamp 
Pedes trian $1 OO/lamp 

Suggested Incentive 
Traffic Signals $1 O/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 ollen 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 Prograni Requirements for LED Traffic Signals. Partner 
Conmitments 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. 





Partner Commitments 

provide to EPA, on an ann 
models. Once the Partner 
Partner will be listed as an 

ated list of ENERGY STAR qualifying t 
st of ENERGY STAR labeled traffic sig 

EPA, on an annual basts, unit shipment data or other mark 
g the market penetration of ENERGY STAR Specifically, P total 

number of ENERGY STAR qualified traffic signals shipped (in units by t 
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 0 
In order to receive additio 

Partnership, the ENERGY STAR 
EPA informed on the progre 

n and/or support from EPA for its efforts wit 
nsider the following voluntary measures a 

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 

e 

appropriate to the Partner Web site, 

ENERGY STAR Program Requirements for Traffic Signals 2 



Eligibility Criteria 

requirements. 

1) Definitions: Belo elevant to 
ENERGY STAR. 

A. Vehicular Traffic Siqn l :  A power-operated illuminated traffic con 
warning light or a steady illuminated lamp, by which traffic is warned 
action. 

other than a barricade 
to take some specific 

C Traffic Siqnal Head: 
and green) installed in it. 

intersection along with any internal components and support structures 

2) Qualifyinq Products For the purposes of ENERGY STAR, LED traffic signal niodules 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 IPE’s WCSH Part 1 or 2 (or 
other relevant future 1TE specification), as well as the requirements of this specification. 

3) Enerqv-Efficiencv Specifications for QualifVinq 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 3 



defined in Section I 

Table 7: Energy-Efficien ;a for ENkRGY STAR Qualified Traffic Signal 

I I Maximum I Nominal 1 

I Walking Man I 

ts must meet the minimum performance requireme 
ted under the conditions presen VTCSH Part 2. 

defined as the effecfive date of the agreement ‘Thk ENERGY STAR Traffic Signal specification is 
effective immediately. 

The date that manufacturers may begin to qualify products as ENERGY STAR will b e  

R reserves the rig 
usefulness to con 
specification will b 

the specification should 6) 

IC signals, EPA expects that ievisions 
fication is final for arrows and pedestrian 
E compliant amber balls and arrows are 

by manufacturers 

ENERGY STAR Program Requirements for Traffic Signals 
- ___- _ _  _____.- 
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Technology 
Plug Load Occupancy Contrc 

Energy Savings - kWh 
_-”_______- ~ - -  -~ 
Computer Monitors Continuous Use 50 to 80 watts 

Standby Mode 0 to 12 watts 
55 to 75 watts Computer Continuous 
20 to 30 watts 

Lighting 1 lamp 18” T-8 or T - r  19 watts 

36 watts 

26 watts 

52 watts 

46 watts 

- ___- 
l__l____-”- --11__11-- 

__I-” . -- 
--_ Energy Saver Mode - ~ -  

--I_ --- magneticlstd 
2 lamp 18” T-8 or T-12 
magnetichtd 
1 lamp 24” T-8 or T-12 
magnetidstd 
2 lamp 24” T-8 or T- 12 

1 lamp 36” T-8 or T-12 

--I_ l _ _ _ _ _ _ l ~ _ l _ _ _ _ l _  

--- ------”. _______I -. 

--- I-^- magnetichtd __--”-- 

_^____- 

_---”-- 

Avg. Est. = 8 watts -- 
----- 

-_ --_.-.II 

______..-...-I 

-_--....-. 

.___-. 

Savings per work area - Assume only monitor and lighting left on in 25% of areas for an 
average of 10 hours/day (including weekends) 

@watts + 30 wattslx 10 hours/da x 365 daydyear x -25 = 139 kWh 
1000 tvattskWh 

Savings per document station 

(50 + 120 + 50) x 10 ho=/day x 365 dayshear 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. 

i 

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 (Le. - 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 $1 SO average cost although variable from $80 to $400+. 

Any Recurring Costs 
None 

Suggested Incentive 
$15/work station (Individual office or cubicle) 
$4O/central document station (Multi user area with fax, copier, printer, etc.) 

It’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 ASHFUE Journal Study, 2001 ASHRAE Fundamentals, manufacturers 
websites 
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Heat Gain 
From 0 e Equipment 

r Wilfins, RE. and M.U. ffosni, Ph.D. 
MernberMHRLZE 

Technical Committee 4.1, h a d  Calculation Methods, 
completed two recent research projects and the results will 
f interest to engineers who perform cooling load calculations. 
earchproject RP-822 focused on development of a method 

actual heat gain and radiant and convective split fiom equip- 
ment in buildings could be measured [Hosni et al., 19961. This methodol- 
ogy then was incorpopted into a second research project, RF- 1055, where 
the technique was applied to awide range of equipment vosni et al., 19991. 
Aresearch team at Kansas State T Jniversity, led by M.H. Hosni, completed 
both of these research projects. This research was followed up indepen- 
dent research by Wlkins and McCTaffw 1994. 

The independent research by Wilkins 
and McGaffin produced significant data 
on the overall 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 fiom the equip- 
ment. Documentation relative to radiant 
and convective split is relevant when 
using advanced load methocis. 

Research Project RP-1055 obtained 
heat gainmeasurements &om office, labo- 
ratory, and hospital equipment. The final 
effort of thjs research was to take the col- 
lected data and identify patterns or gen- 

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 et al., 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 infoxmation known 
and no actual heat gain data were avail- 
able for similar equipment, then it would 
be conservative to use 50% ofnameplate 
and most accurate 325% ofnameplate were 
used. Wilkins and McGaf€in also found a 
wide range in this ratio. 

Use of this type o f  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 intro- 
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 b y  Equipment Type 
The data collected in RP-1055 for all 

About the Authors 
M.H. Hosnl, PBD., i s  professor of mechanical en- 
gineering and the director of the Institute for Envi- 
ronmental Research at Konsas Stak University. He 
hos been the principal investigator (PI) and Eo-PI 
for RP-822 ond RP-1055. He is the choir of the Hand- 
book Committee for ASHRAE Technical Committee 
(TC) 5.3, Room Air Distribution. Chrisfopher 
WilWns, PL, is group leader for Hollam &sodates 
in Burlington, Vt. He,,ir a member of TC 4.1, Load 
Colurlotion Dot0 and Procedures, and TC 4.12, Inre- 
grated Building Design. 
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Computers 
Hosni et aL tested a total of eight com- 

P*= 6 grade. Fourwere 
tested monitor and four 
weretestedalone.’I$emeasurdmaximum 

52 W to 70 W. The nameplate 
165 W to 759 W. The 
uters tested with moni- 

tors was determined by subtracting a typi- 
cal value for a monitor fiom the total of the 
two. Wilkins and McGaftin reported data 
on 12 compute~s 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 
tested was 55.6 W. 

The heat gain fiom 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 
ai., 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- 
formingcooling load calculations. TIie 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 b 
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 &om 168 W to 565 W. 

3 4  A S H  R A E  Journa l  

equipment tested was sorted and reviewed in an a 
identify trends or generalizations that could be pr 
use by practicing engineers. It was discovered that 
terns could be established fo 
tory and hospital equipment 
Office equipment was group 
em, monitors, printers, facs 
for the measured heat 
were then analyzed to establish patterns. 

An advertisement for the print edition formerly in this space. 



-An advertisement for the print edition 
formerly in this space. 

Table 2: Typical heat goin from monitors. 

Tqbb 3: Typical heuf gain from h e r  printers. 

The measured maximum total heat gain of all monitom tested 
ranged from 53 W to 86 W. The monitors tested ranged from 14 
in. to 20 in. (36 cm to 5 1 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- 
mate the heat gain from monitors as a h c t i o n  ofmonitor size: 

HeatGaiD=S xS-20 

Where S is the monitor size in inches and heat gain is in Units 
ofwatts. For example, a 15 in. (38 an) monitor would have aheat 
gain of 55 W. 

Willcins and McGaffxn did not sort their data by monitor size. 
They presented data on 10 monitors (13 in. to 19 in. [33 cm to 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 W&h. 

Loser Printers 
Hosni et al., 1999 found that the power consumed by laser 

printers, and therefore the heat gain, depended largely on the 
level oftbroughput for which the printer was designed. Table 3 
presents data on four general categories of laser printers. Hosni 
et al., 1999 opined that smaller printers are used more intermit- 
tently and that the larger printers may run continuously for 
longer periods aftirne. 

June 2 0 0 0  3 5  A S H R A E  Journal  



Table 4: Typical heot gain from copiers. 

Table 5: Typical heat gain from miscellaneovs equipment. 

An advertisement for the print edition 
formerly in this space. 

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 iater. 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 
Iiosni et al., 1999 presented data on a total of five copy 

machines. Copy machines were considered to be of two types, 
desktop and office. Office-type copiers represented freestand- 
ing ofice grade copiers. Larger machines used in production 
environments were not addressed. Table 4 represents a sum- 
mary ofthe 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 oflen are operated 
continuously for periods of an hour or snore. 

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-temi 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 &om data presented 
by Hosni et ai., 1999 and by Wilkms and McGaffm, 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 

June 2 0 0 0  36 A S H R A E  Journal 



An advertisement for the print edition 
formerly in this space. 

3 

1 

No Oivorsk~ Adual 
0 

I I 

Figure I: Load fador comparison. 

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

Willcins and McGaffin were able to measure diversitywith 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 ff (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 total heat gain) of all equipment was summed to provide a 
value for the maximum possible total heat gain ofthe equipment 
in the area. 

Continuous measurements were taken for a period of one 
workweek at the equipment panels serving the area. C a e  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 i s  the usage diversity. 

Diversity was found to range between 37% and 78% with 
the average (normalized based on area) being 46%. Figure I 
illush-ates the relationship between nameplate, the sum. of the 
peaks, and the actual with diversity accounted for. Figure I is 
taken fIom Wilkins and McGaffin and is based on the average 
of the total area tested Rata 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 Unif Area 
Willahs and McGaffin found in the areas that they tested 

that the actual heat gain per unit area ranged fiom 0.44 W/ff to 
1.05 W/A2 with an average (normalized based on area) of 0.81 
WfA2. These data were compiled based on 275,000 ft2 (25 550 
m2) of office space in five buildings. These spaces were futly 
occupied and highly automated with a computer andmonitor at 
every workstation. Table 6 presents a range of load factors 
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with a subjective description of the type of space to which they 
would apply. 

Wiudns and McGafh performed tests in 275,000 ff (25 550 
mz) of highly automated spaces, comprising 21 unique areas in 
five different buildings. The maximwn load factor they reported 
was 1.08 W/P. This corresponds to a medium load density 
space based on the subjective classifications presented in Table 
6. It is likely that the medium load density will be appropriate for 
most standard office spaces. Mediumheavy or heavy load den- 
sities may be encountered but cnn be considered extremely 
conservative estimates even for densely populated and highly 
automated spaces. Other research supporfs this, including work Table 7: Radianf-convective splif. 

-”11-” ____-_.-._I_^___ Î _--- - 
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fairlyuniform, The most important differ- 
entiating feature was wheth 
equipment had a cooling fan. Table 7 is a 
summary ofHosni et al., 1999 results. 

Future Trends 

evant for several more 

Conclusions 

tant contriiutor to the overall heat gam 
of a space. The information presented in 
this article should be a usefui tool to en- 
gineers performing cooling loads or en- 
ergy analyses. We also hope that equip- 
ment manufacturers understand the im- 
portance ofnameplate values for cooling 
load calculations and take appropriate 
steps to provide more realistic power con- 
sumption information. 

Heat gain from equipment is an 
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Nonresidential Cooling and Heating L,oad Calculation Procedures 

Data Assenibly 
Building Characteristics. Obtain characteristics of the building. 

Building materiafs, component size, external surface colors, and 
shape are usually determined from building plans and specifications. 

Conf@ration. Determine building location, orientation, and 
external 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 carehlly evaluated as to its 
probable permanence before it is included in the calculation The 
possibility of abnormally high ground-reflected solar radiation (Le., 
from adjacent water, sand, or parking lots) or solar load from adja- 
cent reflective buildings should not be overlooked. 

Outdoor DeSiga Conditions. Obtain appropriate weather data, 
and select outdoor design conditions. For outdoor design conditions 
for a large number of weather stations, see Qapter 27. Note, how- 
ever, that these values for the design @-bulb and mean coincident 
wet-bulb teqmames may vary considerably from data tmdi- 
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 mount 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. 

Indoor 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 hits. 

Operating Schedules. Obtain a proposed schedule of hghting, 
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 o f f  dur- 
ing unoccupied periods (e g , nights andlor 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 temperature for the winter 
months must be known. These data can be found for the Unitcd 
States in Chapter 27, Table 4B. 

Additional Considerations 
The proper 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 robe conditioned. The type of &-conditioning 
system, fan energy, fan location, duct heat loss and gain, duct leak- 
age, heat exmction 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 HXAT C:AIIlv 
CALCULATION CONCEPTS 

TlME DELAY EFFECT 
The energy absorbed by walls, floor, furniture, etc.. contributes 

to space waling load only after a time lag, with some part of this 

29.3 

ACTUAL COOLING LOAD 

/STORE0 HEAT REMOVED r 

LIGHTS ON LlGHTS OFF 
TIHE,HOURS 

energy still present and re 
switched o€f or ate no lon 

There is always signifi 

felt by the space can be much lowe 
being 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 signiftcant Chapter 8 should be: 
consulted €or detailed information; however, Table 1 summarizes 
design data representing conditions commonly 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 oooling load compo- 

nent, an accurate estimate of the space heat gain it imposes is 
needed Calculation of this load component i s  not straightforwat& 
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 

hshntaneous Heat Gain from Lighting 
The primary source of heat from lighting comes from lightzmit- 

ting elements, or lamps, although significant additional heat may be 
generated from associated appurtenances in  the light fixaues that 
house such lamps Generally, the instantaneous n t e  of heat gain 
from electric hghting may be calculated from 

where 
qcI = heat gain, BtUm 
W = total light walrngc 
Fd = lighting use factor 
F,,, = lighting special allowmce factor 

The total light wattage is obtained from the ratings of all lamps 
installed, both €or g e n a l  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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Table 1 Representative Rates at Which Heat and Moisbure Are Given Off by Human Being in Diffenent States of Activity 
--.. - --" ------_____-~ 

TOM Heat, Bt& - Sensible 
Adult Adjusted, Heat, Beat, - Latent % S m i l e  Heat that 5; 

Radiantb 
Degree olActivity I.ucation Mile M P  B M I  Btum I & w V  HiBfiV 

Seatcd tit theater, night Theater, night 390 350 245 105 60 27 
Seated, vcry light work Offices, hotels, apartments 450 400 245 155 

___-_____.___~-- 

seated aI tbcater Theater, matinee 390 330 225 105 

Moderately active office work Offices, hotcls, ap-ents 475 450 250 200 

Walking, standing Drug store, bank 550 500 250 250 
Standing, tight work; waking Department store; d l  store 5.50 450 250 200 58 38 

Sedentary work RestaurmtC 490 550 275 275 

tight bench work Factory 
Dance hall 

Walking 3 mph; light machine work Factory 

Bowlin$ Bowling alley 
Heavy work F8CtoIy 
Heavy machine work; lifting Factory 
Alhlcrics Gymnasium 
N o m  
1. T!+bula&d ralnw arc based on 75°F m m  &.bulb tcmpcrafure. For 80°F morn 
dry bulb, rho toLnl beac remains the same. but thc sensiilt h a  vatucr should be 

-ll__----___l-_lll______l_ 

decrtsxd by n p p m W l y  20%. a d  the 1-t hW V ~ U C S  ioaea~ed mnl- 
io&. 

2 A h  n f w  tn Table 4, Chapter 8, for additionnl mes of mclnbolic heat geneeration. 
3. All values arc mundcd to neMst 5 Btum. 
'Adjusted hcat gain is based on normd pcrcentagc of mat, womcu, and children 
for the appliutiw listed, wilh the posllnu: that the gain from M adult femnlc is 

installed wattage. For c o m i a l  applications such as stores, the 
use factor would generally be unity. 

The speciaI 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 b a s t  losses. Table 2 shows that the special allowance 
factor for n 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 andquan- 
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 watrage 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 

d e  up of two components: one part (known as the heat-bspace 
load) comes from the light heat directly contributing to the space 
heat gain, and the other is the light heat released into the abweai l -  
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 fixnue~. In 
such a ceiling return air plenum, this second part of the load (some- 
times refetred to as heat-to-return) never enters the conditioned 
space. It does, however, add to the overall load and signifiwntly 
nfluences the load calculation. 

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

800 750 275 475 
900 850 305 545 49 35 

loo0 1000 375 625 

1500 1450 580 870 
1500 1450 580 870 54 19 
1600 1600 635 965 
2000 1800 710 1090 -.-. 

85% of lhnt for an adult male, and IhaI the gain imm a child in 75% of h a t  for 
adnlt malc. 
bValuc3 approxirnnud from data in Table 6, Chapkt 8, where Vis air velocity with 
limitc &own in Ibac !&IC. 
'Adjusted heat gain indudes MI Btun, for food per individual (30 Bhr/h sensible and 
30 Btnh laient). 
dFigun, one person petalley aaually bowling, Md all athas as sining (400 BhJh) or 
s(andmg or wnlkiog slowly (550 Btum) 

load is reduced. The minimum required airflow rate for the condi- 
tioned space is decreased as the space cooling load decreases. S u p  
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 a.~ a fraction of the total lighting 
load by using judgment to estimate heat-to-space and heat-to-renun 
percentages (Mitalas and Kimura 1971). 

Return Air Light Fixtures 
Two generic types of rebun air light future are available--those 

that allow and those that do not allow return air to flow through the 
lamp chamber. The first typeis sometimes called a heat-of-light fix- 
ture. The percentage of light heat relensed through the plenum side 
of various ventilated fixtures can be obtained from lighting fixture 
manufacturers. For representative data, see Nevins et d. (1971). 
Even unventilatd fixhues lose some heat to plenum spaces; how- 
ever, most of the heat ultimately enters the conditioned space from 
a dead-air plenum or is picked up by retum air via ceiling return air 
openings. The percentage of heat to r e m  air ranges from 40 to 
60% for heat-to-return ventilated fixtures or 15 to 25% for unventi- 
lated fixtures. 

Plenum Temperatures 
As heat h r n  lighting is picked up by the return air, the temper- 

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 c q b m  light heat without passing through a ceiling p l e  
n u n  as such, or the ceibg space can be used as a retum 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 a b v e  space temperature. thus generating only a relatively 
small thermal gradient for heat transfer through plenum surfambut 
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Table 2 Typical Nonhcandescent Light Fixtures - -- . _-_I__-- _________-- 

Mag-Std 5 I 5 9 1.80 
Mag-Std 7 1 7 10 1.43 
Mag-Std 9 1 9 11 1.22 
Mag-Std 13 1 13 17 1.31 
Mag-Std 18 2 36 45 1.25 
Mag-Std 22 2 44 48 1.09 
Mag-Std 26 2 52 66 1.27 

-- -1-1 I-- 

TWm,(2)40 Wlamp Mag-Std 40 2 80 85 1.06 
Quad,(]) 13 Wlamp EIectronic 13 I 13 15 1.15 
Quad,(1)26 Wlamp Elecmnic 26 1 26 27 1.04 
Quad,@) 18 Wlamp Eltctronic 18 2 36 38 1.06 
Quad,(2)26 Wlamp Electronic 26 2 52 50 0.96 
TWinormui&(2)32 Wlamp Electronic 32 2 64 62 0.97 

_-“-I -___I---- --- 

(2) 36 in., TI2 lamp 
(1) 36 in., TI2 ES lamp 
(2) 36 in., TI2 ES Iamp 
(1) 36 in., TI2 HO lamp 
(2) 36 in., TI2 HO lamp 
(2) 36 in., T12 lamp 
(2) 36 ia, TI2 ES lamp 
(1)36 in,T12 lamp 
(1) 36 in.,TLZ ES lamp 
(1) 36 in., TB lamp 
(2) 36 in.,T12 lamp 
(2) 36 in., TI2 ES lamp 
(2) 36 in., T8 lamp 
(2) 36 in., T8 HO lamp 
(2) 36 h, T8 VHO lamp 
(1) 48-b.. TI2 I m p  
(2) 48 in., TI2 lamp 
(3) 48 in., TI2 lamp 
(4) 48 in.. TI2 I m p  
(I) 48 in, TI2 ES lamp 
(2) 48 io.. T12 ES lamp 
(3) 48 in., T12 ES lamp 
(4) 48 in, TI2 ES lamp 
(1) 48 in.. T12 Es lamp 
(2) 48 in., TI2 Es lamp 
(3) 48 ia, TI2 Es lamp 
(4) 48 in, T12 ES lamp 
(1) 48 in., T8 lamp 
(2) 48 in., T8 lamp 
(3) 48 in., T8 lamp 
(4) 48 in., T8 lamp 
(1) 48 in., TI2 Es lamp 
(2) 48 in., TI2 ES lamp 
(3) 48 h, T12 ES lamp 
(4) 48 in.. T12 ES limp 
(1) 48 h, T8 lamp 
(2) 48 in., T8 lamp 

. 

15 1 15 19 1.27 
15 1 15 19 1.27 
15 2 30 36 1.20 
15 2 30 36 120 
17 1 17 24 1.41 
20 1 20 28 1.40 
20 2 40 56 140 
35 1 35 62 1.77 
35 2 70 90 129 
17 1 17 16 0.94 
17 2 34 31 0.91 
30 1 30 46 1.53 
30 2 60 81 1.35 
25 1 25 42 168 
25 2 50 73 1.46 
50 1 SO 70 1.40 
50 2 100 114 114 
30 2 60 74 1.23 
25 2 SO 66 132 
30 1 30 31 I03  
25 1 25 26 1.04 
25 1 25 24 096 
30 2 60 58 097 
25 2 50 SO 100 
2S 2 50 46 092 
25 2 50 SO 100 
25 2 50 70 1.40 
40 1 40 55 1.38 
40 2 80 92 1.15 
40 3 120 140 1.17 
40 4 160 184 115 
34 1 34 48 141 
34 2 68 82 121 
34 3 102 100 0.98 
34 4 136 164 1.21 
34 1 34 43 126 
34 2 68 72 1.06 
34 3 102 115 I13  
34 4 136 144 1.06 
32 1 32 35 1.09 
32 2 64 71 1.11 
32 3 96 I10 1.15 
32 4 128 142 1.11 
34 1 34 32 0.94 
34 2 68 60 0.88 
34 3 102 92 0.90 
24 4 136 120 0.88 
32 1 32 32 1.00 
32 2 64 60 094 

Mag-Std 

Mag-Std 
Mag-Std 
Mag-Std 
MngStd 
Mag-Std 
Mag-Std 
Mag-Std 

HectlUniC 
ElCCvoniC 
MagStd 
Mag - S t d 
MagStd 
Mag-sld 
Mng-Std 
Mag-Std 

Mag-ES 
Electronic 
ElCCtroniC 
Elec~ronic 
Electronic 
Electronic 
Electronic 
Electronic 
Electronic 
Mag-Std 
MagStd 

Mag-std 

Mag-ES 

Mag-Std 
Mag-Std 
MagStd 
Mag-Std 

Mag-Std 
Mag-ES 

Mag-ES 

Mag-ES 
Mag-ES 
Mag-€3 
Mag-ES 

ElWtroniC 
Electronic 
EleChoniC 
BCCtroniC 
ElcccrOniC 
uecmnic 

Mag-Std 

Mag-ES 

Mag-ES 

(4)48h,T8lamp 
(l)M)h,T12lamp 
(2)60ia,T12lamp 
(1)60in.,Tl2HOlamp 
(2)60in,T12HOlamp 
(1)60h,T12ES VHOlamp 
(2)60in.,T12ESVHOlamp 
(1)60in.,T12HOlamp 
(2)60in,T12HOlamp 
(1)60in.,T12Iamp 
(2)60in.,T12 lamp 
(I)M)in.,Tl2HOlamp 
(2)M)in.,T12HOlamp 
(1)6Oin.,T8lamp 
(2)60in,T81amp 
(3)60in,T8lamp 
(4)60in.,T8 lamp 
(1)72in,T121amp 
(2)72ii~,T12lamp 
(3)72in,T12lamp 
(4) 72in.. T121amp 
(1)72in.,TI2HOlamp 
(2) 72in..T12HO lamp 
(1)721n.,T12VHOlamp 
(2)72in.,T12VHOlamp 
(2)72in.T121amp 
(4)72in..T12lamp 
(2)72in.,T12HOlamp 
(4) 72in.,T12HO lamp 
(1)72in.,T12lamp 
(2)72in.T12lamp 
(3)72in,T12lamp 
(4)72in.,T12lamp 
(1)96in,T12ESlamp 
(2)96 1n.,T12 ES lamp 
(3)96in.,T12ES lamp 
(4)96in.,T12ESlamp 
(1)96in.,TlZijSHOimp 
(2)96in.,T12ES HOlamp 
(3)96in.,T12ESHOlamp 
(4)%in,T12ESHOlamp 
(1)%in,T12BS VHOlamp 
(2)96in.,T12ESVHOlamp 
(3)96h,T12ESVHOlamp 
(4)96m.,T12ESVHOlamp 
(2)96in.,T12ESlamp 
(3)96in.,T12ESlamp 
(4)96in.,T12ESlamp 
(2)%in,Tl2ESHOlamp 

Electronic 
Mag- Std 
Mag-Std 
Mag-Sld 
Mq-Std 
Mag-SId 
Mag-Std 
Mag% 
Mag-ES 
Elmtronic 
Electronic 
Electronic 
Electronic 
Electronic 
E l C C t l U n i C  

E lCCbONC 

ElechoniC 
hlag-Srd 
Mag-Std 
Mag-Std 
Mag-Sld 

Mag-Std 
Mag Std 

Mag-ES 
Mng-ES 
Mag-= 
Mag Es 
ElcCcroniC 
Electronic 
ElcctroNc 
Electronic 
Mag-Std 
hlag-Std 
MngStd 
Mag-Std 
Mag-Std 

Mag-Std 
Mag-Std 
Mag-Std 
Mag-Std 
Mag-Std 
Mag-Std 
Mag Es 
Mag-ES 
Mag-ES 
Map .E3 

Mag-Std 

Mag-Std 

Mag-Std 

32 
50 
50 
75 
75 

135 
135 
75 
75 
50 

75 
75 
40 
40 
40 
40 
55 
55 
55 
55 
85 
85 

160 
160 
55 
55 
85 
85 
5s 
55 
55 
55 
60 
60 
60 
60 
95 
95 
95 
95 

185 
185 
185 
185 
60 
60 
60 
95 

50 

4 128 120 0.94 
1 50 63 1.26 
2 100 128 1 2 8  
1 75 92 1.23 
2 150 168 1.12 
1 135 165 1.22 
2 270 310 1.15 
1 75 88 1.17 
2 150 176 1.17 
1 50 44 0.88 
2 100 88 0.88 
1 75 69 0.92 
2 150 138 0.92 
1 40 36 090 
2 80 72 0.90 
3 120 106 0.88 
4 160 134 0.84 
1 55 76 1.38 
2 110 122 1.11 
3 165 202 1.22 
4 220 244 1.11 
1 85 120 1.41 
2 170 27.0 1.29 
1 160 180 1.13 
2 320 330 1.03 
2 110 122 1.11 
4 220 261, 1.11 
2 170 194 1.14 
4 340 388 1.14 
1 55 68 124 
2 110 108 0.98 
3 165 176 1.07 
4 220 216 0.98 
1 60 75 1 2 5  
2 120 128 1.07 
3 180 203 1.13 
4 240 256 1 0 7  
1 95 I12 118  
2 190 227 1.19 
3 285 380 1.33 
4 380 454 1.19 
1 185 205 1.11 
2 370 380 1.03 
3 555 585 1.05 
4 740 760 1.03 
2 120 123 1.03 
3 180 210 1.17 
4 240 246 1.03 
2 190 207 1.09 

FiIcc~~~~nic 32 3 96 93 0971 (4)96in.,T12ESHOlamp Mag-ES 95 4 380 414 1-09 
I_ ~ I I _ _ -  1--1 ______-I_ 

(3) 48 in, T8 lamp 
_I-_I__ I 
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(1) 100 w lamp HID 100 1 100 128 1.28 
(1) 150 W lamp HID 150 1 150 190 127 

HID 175 1 175 215 1.23 (1) 175 W lamp 

(1) 40 w lamp HID 40 1 40 50 1.25 
(I)  50 W lamp HIL) 50 I 50 74 1.48 

(1) 100 w lamp HII) 100 1 100 125 1.25 
(1) 175 W lamp __II HID 175 I 175 205 1.17 

-*-__- - 1 _ 1 1 _ _ 1 -  

Mercury Vapor Exturn 

(1) 75 w lamp HID 75 1 75 93 1.24 

.- 

Table 2 Typical Nonincandescent Light Fixtures (Conclude4 
_--I _-- -__ -- _I 

L. 3 

8 

u s 

___-_I_- 

Description ---_. - 
(I) 96 in., Tl2ES Electronic 60 I "  60 69 1.15 (1)96in.,T8HOlamp Electronic 59 1 59 68 1.15 lamp 
(2) 96 in., T12 ES kmp Elwtmnic 60 2 120 110 0.92 (1)96ilt,T8VHOlamp Electronic 59 1 59 71 1.20 
(3) 96 in., Tl2ES lamp Hectronic 60 3 180 179 0.99 (2)96h.,T8hmp Electronic 59 2 118 109 092 

. Elccbmnic 60 4 240 221) 0.92 (3) 96in..T8 lamp Electronic 59 3 177 167 0.94 
Electronic 95 1 95 80 0.84 (4)96in.,T81amp Electronic 59 4 236 219 0.93 

Electronic 86 2 172 160 0.93 Electronic 95 2 190 173 091 (2)96in.,T8HOlamp 
(4) 96 in., TI2 €3 HO lamp Electronic 95 4 380 346 0.91 (4)96in.,T8€IOlamp Eleclronic 86 4 344 320 0.93 

Elcc&ronic 59 1 59 58 0.98 

Mag-PH 20 1 20 20 1.00 (2)8 in.circuIarlamp Mag-RS 22 2 44 52 1.18 
Mag-RS 32 1 32 31 0.97 Mag-PH 22 1 22 20 0.91 (1) 12in.cirCufarlamp 

Mag-PH 32 1 32 40 1.25 (2) 12hcircUIarIamp Mag-RS 32 2 64 62 0.97 

Mag-RS 22 1 22 26 1.18 

-I - _"I - 

MQ-RS 20 1 20 25 125 ( 1 ) 1 6 h ~ h r ~ o l ~ l ~ p  Mag-Std 40 1 40 35 0.88 
_ " - - _ _ ~  --.. _-_____ ~- --_ -- I_ 

(I) 8 in. ciruilarlamp 

Hlgh-pressurr sodium Fixtures 
(1) 35 w lamp HID 35 1 35 46 1.31 (1)25OWlamp HID 250 1 250 295 1.18 
(I)  50 W lamp Hu, 50 1 50 66 132 (1)310Wlamp HID 310 1 310 365 1.18 
(1) 70 W lamp HID 70 I 70 95 1.36 (1)360Wlamp HID 360 1 360 414 115 
(1) 100 w lamp KID 100 1 100 138 138 (l).UK)Wlamp HJD 400 1 400 465 1.16 

(1) 200 w l a m D  HID 200 1 200 250 1.25 
(1) 150 W lamp HID 150 1 150 188 1.25 (I) 1OOOWlamp HID 1000 1 1000 1100 1-10 

(1)75OWlamp HID 750 1 750 850 1.13 
(1) 1000Wlamp HID loo0 1 1000 1080 108 

HID 1500 1 1500 1610 107 (1)1500Wlamp 

(1)250WIamp HID 250 1 250 290 1.16 
(1)4OOWiamp HID 400 1 400 455 1.14 

400 2 800 910 1.14 
(1)700Wlnmp HID 700 1 700 780 1.11 

HID lo00 1 1000 1075 1.08 (1) 1OOOWlamp 

-- 

(2)400Wlamp HID 

-___- I-- 

a relatively large percentage reduction in space cooling load (Many 
engineers believe that a major reason for plenum temperatures not 
becoming more elevatedis due to leakage into the plenum from sup- 
ply air ducts n o d y  conceded there.) 

Energy Balance 
Where the ceiiing space is used as a return air plenum, an energy 

balance requires that the heat picked up from the lights into the 
return air (1) become a part of the cooling load to the return 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 n multistory building, the conditioned space fie- 
quently gains heat through its floor from a similar plenum below, 
offsetting the loss just mentioned. ?he radiant component of heat 

g the ceiling or floor surf'ace of a plenum is normally so small 
a all such heat m s f e r  is considered convective for calculation 

Figure 3 shows a schematic diagram of a typical return air ple.. 
num The follawing equations, using the heat flow directions shown 

Fig. 3 Schematic Diagram of Typical Return Air Plenum 

in Figure 3, represent the heat balance of a re&m air plenum design 
for a typical interior room in a multifloor building: 
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(3) 

(4) 

4,p - 92 -41 - 43= 0 (5) 

where 

ts equipment size selection, future 

entering or leaving the conditioned space directly. The supply air 
quhtity 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- 
tionedspacemaynotbe~tedtothat suppliedintothespaceunder 
consideration; it will, however, have no noticeable effect on plenum 
tempera- 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. 
Fmally, even though the building's thermal storage has some effect, 
the amount of heat entering the return air is sriiall and may be con- 
sidered as convective for calculation purposes. _. 

ELECTRIC MOTORS 
Instantaneous heat g i n  from equipment operated by electric 

motors within a conditioned space is calculated as 

4, = ~ ~ ~ ~ ( P / ~ ? A , ) ) I ; ; M F [ M  c7) 

W h e E  

qm = heat equivalent of equipment operation, Btuh 

EM = mobr efficiency, d e c i  he t ion  < 1 0 
P = motor power rating, hp 

FUM = motor use fnctor, 1.0 or decimal fraction < 1.0 
FLH = motor load factor, 1 0 or decimal hction i 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 (q., overhead door opemtm). 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 assumed that both the motor and the driven 

equipment are in the conditioned space. If the motor is outside the 
space or airstream, 

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

drip-proof motors. These re 

Motor 
N~UDC- 
plate 

Rated 
Horse- hlotor Nominal 
power Tvpe rpm % Bt& B 

or Motor Driven Driven Driven 

- 
0.05 Shadcdpole 1500 35 360 130 240 
0.08 Shadcdpole 1500 35 580 200 380 
0.125Shadedpole 1500 35 900 320 590 
0.16 Shadedpole 1500 35 1,160 4M) 760 
0.25 Splitphase 1750 54 1.180 640 540 
033 Splitphase 1750 56 IS00 840 660 
0.50 Splitphase 1750 60 2,120 1,270 850 
0.75 3-phase 1750 72 2,650 1,900 740 
1 3-phase 1750 75 3390 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-phnsc 1750 81 9,430 7,640 1,790 
5 3.phase 1750 82 15,500 12,700 2,790 
7.5 3-phasc 1750 84 22,700 19,100 3,640 

10 3-phase 1750 85 29,900 24,500 4,490 
15 3-phase 1750 86 44,400 38200 6,210 
20 3-phase 1750 87 58300 50,900 7,610 
25 3-phase 1750 88 72,300 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-ph;rse 1750 89 172,000 153,000 18,900 

1oD 3-phase 1750 90 283,000 255,000 28,300 
75 3 - p h ~ ~  1750 90 212,000 191,000 21,200 

125 3-phas~ 1750 90 353,000 318,000 35300 
1.50 3-pha~~  1750 91 420,000 382,000 37.800 
200 3-phase 1750 91 569,000 509,000 50,300 

1750 91 699,000 636,000 62,900 

Table 3B Typical Overload Limits with Standard Motors 

.ZO 3-phase ---_I_---------I 

- _-__-.I-- ---I-- --1_11- 

Horsepower 
_I- 

Motor me 
AC open 1.4 . 1.35 1.25 1.15 
AC TEFC and DC 
Nore: Some sbadcdpole, capucitor stnrt, nod spedal p u p s o  mmrs bavc a aaVicc fac- 
torvarying From LOup to 175. 

'Some totally enclosed fan-molcd 

0.05 to 0.25 0.16 to 033 0.67 (0 0.75 1 nnd up 

1.0 _-_ 1.0 1 .o 
----I______- 

-~ -I-- ---_--I -- ~ 

motors hnve L savicc factor above I 0 
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fan-cooled ("EFC) 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 case 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 Io&, if underloaded or over- 
loaded, the efficiency could vary from the manufacturer's listing. 

Overloading or Underloading 
Heat output o f  a motor is generally proportional to the motor 

Radiation and Convection 
Unless the tnanufactu&s technical l i t e m  iodicates othw- 

wise, the heat gaiu 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-?eiec- 

trical, gas, or sttwn-should be taken into account Because of the 
variety of appliances, applications, schedules, use, and installations, 

can be very subjective. Often, the only information avail- 
t heat gain fmm equipment is that on its nameplate. 

' 

Cooking Appliances 
These appliances include common heat-producing cooking 

equipment found in conditioned commercial kitchens. Mam (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 thatgas appli- 
ances may exhibit slightry higher heat gains than their elcctric coun- 
terparts under wallcanopy hoods operated at typical ventilation 
rates. T h i s  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 
t i ic  counterpart. These higher temperature surfaces radiate heat to 
the kikhen, adding moderately to the radiant gain directly assmi- 
ated with the appliance cooking surface. 

M m  (1962) confirmed that where the appliances are. installed 
under an effective hoad, 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 d. 
(1994) and Smith et al. (1995) substantiated these findings. 

Sensible Heat Gain for Hooded Cooking AppHances, To 
establish a heat gain value, nameplate energy input ratings may be 
used with appropriate usage and radiation factors. W h a e  specific 
rating data are not available (nameplate missing, equipment not yet 
purchased, ctc.) or as an alternative approach, recommended heat 
sins listed in Table 5 for a wide variety of commonly encountered 

ipment item may be used In estimating the appliance load, 
probabilities of simultaneous use and operation for different appli- 
ances located in the same space must be considered. 

2001 ASHRAE Fundamentals Handbook 

or 

where FL 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 electrical, 
steam, and gas appliances under standby or idle conditions. 

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

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

Appliance 

Usnge Radiation LoadFactor 
Factor Factor F== F f l ~  

F U  Fa EIedSteam 
Griddle 0.16 

Canvection oven 0 42 
Charbroiler 0 83 

without oven 0 34 

without oven 0 79 
with oven 0.59 

Fryer 0.06 

Opcn.top range 

Hot-top range 

0.13 - stcam cookcr 
Soumcs: AIuezannd Brceo(1984),Wshcr(1998). 

0.45 
0.43 
0.17 
0.29 

0 46 

0 47 
0.48 
0.30 - 

0.07 
0.03 
0.07 
0.24 

0.16 I 

0.37 
0.28 
0.01 .__I_ 

Table 4B Hooded Gas Appliance Usage Factors, 
Radiation Factors, and I m d  Factors 

__1_- ---..--- 
Usage Factor Radiation Factor Load Factor 

FL = FUpR Gas 
~ 1 1 _ -  

FU Fii 
ll-l-l-.l 

Applinncc 
Griddle 0.25 025 0.06 
FIpr 0 07 0.35 0.02 
Convection oven 0.42 0.20 0.08 
Chazbroiler 0 62 0.18 0.11 
Open-top range 

0.06 ____-__- %tho& ov& 0.34 0.17 ---- 
S o u r ~ ~  Alcruamd Breco (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 sensible 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 h o d ’  col- 
umns assume installation under a properly designed exhaust hood 
connected to a mechanical fan exhaust system 

Hospital and Laboratory Equipment 

and duration of 

qutdoor 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 guidance in only the most general 
sense. For large equipment, such 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-Applkatioru 
discusses heat gain -from equipment, stating that it may range from 
5 to 25 W/fi2 in highly automated laboratories. Table 7 lists some 
values €or laboratory equipment, but. as is the case for medical 
yuipment, it is for general guidance only Wilkins and Cook (1999) 
also examined laboratory equipment heat gains. 

Office Equipment 
Computers, printers, copiers, calculators, checkwnters, posting 

machines, etc , can generate 3 to 4 Btu/h.ft2 for genenl offices or 6 
to 7 S tuh- f?  for purchasing and accounting departments 
ASHRM Research Project 822 developed a method to measure the 
actual heat gain from equipment in buildings and the ra&t/con- 
vective percentages (Hosni et al. 1998; Jones et al. 1998). This 
methodology was then incorporated into ASHRAFi Research 
Pmject 1055 and applied to a wide range of equipment (HosN et al. 
1999) as a follow-up to independent research by WiUcins et aL 
(1991) and Wilkins and M c M n  (1994). Komor (1997) found 
similar results. Analysis of measured data showed that results for 
office equipment could be generalized, but results k0.m laboratory 
and hospital equipment proved too diverse. The following general 
guidelines for office equipment are a result of these studies. 

Nameplate Verms Measured Energy Use. Nameplate data 
rarely reflect the actual power consumption of office equipment 
Actual power consumptiod of such equipment is assumed equal to 
the total (radiant plus convective) he+ gain, but the mtio of such 
energy to the nameplate value varies widely. ASHRAE Research 
Project 1055 (Hosni et ai. 1999) found that for general office equip- 
ment with nameplate power consumption of less than looQ W, the 

actual ratio of total heat gain to nameplateranged fmm25% to 50%, 
but when all tested equipment is considered, the range is broader. 
Generally, if the nameplate value is the only information known and 
no actual heat gain data are available for similar equipment, it 
be conservative to use 50% of nameplate as heat gain and more 
nearly correct 225% of nameplate were used. Much better results 
can beobtained, however, by considering the heat gain as being pE- 
dictable based on the type of equipment. 

Office equipment is gmup 
monitors, printers, facsimile m 
results within each group anal 

Computers. Based on tes 
and M c W n  (1994), nameplate values 
ignored when performing cooling load calculati 
sen& typical heat gain values for computers with vnrying d 
safety factor. 

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

(Imon = 5s - 20 

where 
qmM = heat gain from monitor, W 
S = nominal screen size. in. 

Wikins 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 DQS was prevalent and the Windowsm operating SYS- 
tem was just being introduced. Monitors displaying Windows con- 
sumed more power than those displaying DOS. Table 8 tabulates 
typical values. 

Laser Printers. Hosni et al. (1999) found that the power con- 
sumed by laser printers, and therefore the heat 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 tun continuously for longer 
periods. Table 9 presents data on laser printers. 

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 most 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 offce (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 mely 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 rntio of the measured peak electrical load at the 
equipment panels to the sum of the maximum electfical load 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 appropriate 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 McC& (1994) measured diversity in 23 areas 
within five different buildings totaling over 275,000 ft2 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 electid 
load witb diversity accounted for, based on the average of the total 
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Fable 5 Recommended Rates of Beat Gain From Typical Commercial Cooking Appliances ---_ - - - ~ ~ .  I--- 
-- 

Energy Rote, 
Recommended Rate of Reat Gaia: B M I  

Wtthout Hood With Hood Btum -.-_I-. - 
- Total Sensible I_____.___I_. S i  Rated Standby Sensible Latent --_-I.--_____ - Applimce 

Electric, No HoddTquircd 
B~bcque  @it), per pound of food capacity 
Barbeque @ressurizcd), perpound of food capacity 
Blender, per quart of capacity 

80 to 300 Ib 
44 Ib 
1 lo4qt 

16.2 to 17.3 
37.4 to 406 ft3 
16 to 17 fi3 
3.2 to 6.4 f+ 
173 d 

Pacity 108 to i40 qt 

Can opena 
12 cupn burners 
1 to2bumcrs 
1 la2burners 
11.6 qt 
23to40qt 
10.6 qt 

CLluCr (I=& 18 in. bowl 
Cutter (small) 14 in. bowl 
CuW and mixa (large) 
Dbwashcr  mood type, chemical ,per 100 dishes& 950 to 
Dishwnshcr (hood type, waters 
Dishwasher (conveyor type, c 
Dishwasher (conveyor type, water sanitizing), per 100 dish& 
Display CBSE (rehigeratcd), pcr IO ft3 of interior 

I), per quatt of capacity 

g). p ~ :  100 dish& 5000 to 9000 &hesib 

Dough r0IIc.r (large) 
Dougb roller (small) 

warmer (infr;lrcd bulb), per lamp 
Food warmer (sbelf type). per square foot of surface 
Food wanner ( i i  tube), per foot of length 
Food w m e r  (well type), per cubic foot of well 
F- Oargel 
Frcun (small) 
Griddldgrill (Iarge), pw square foot of cooking surface 
Griddldgrill (small), per square foot of cooking surface 
Hot dog broiler 
Hot plate (double burner, high speed) 
Hot platk (double bumer, stockpot) 
Hot plate (single burner, high speed) 
Hot water urn (large), per quart of capacity 
Hot water urn (sd), per quart of capacity 
Ice d e r  (large) 
Ice maker (small) 
Microwave ovcn 0.Cnvy dnty, commercial) 
Microwave oven (residentid typc) 
Miner (large), per q u a t  of capacity 
Mixer (small), perquart of capacity 
Press m k e r  (hamburger) 
Refrigerator (large), pcr 10 ft3 of interior space 
Refrigerator (small), pcr 10 d of interior space. 
Rousscrie 
Serving cart (bot), p" cubic foot of well 
serving drawer (large) 
Serving drawer (small) 
Skillet (tilting), pa quart of capacity 
Slicer, per s q w  foot of slicig caniage 

ent 

136 
327 

1,550 
360 

7,100 
6,820 

693 
3,070 

21,000 
580 

5,660 
2,290 

340 
390 

2,130 
1,350 
2560 
1,260 

12,730 
1,300 
1,300 
1,160 

5000 to 9000 dish& 1.160 
6 1 0 6 7 4  
2 rollcrs 
1 roller 
12 eggs 
2.4 qt 
1 to 6 bulbs 
3 IO  9 it2 
39 IO 53 in. 
0 7 to 2.5 ft3 
73 
18 
4.6 to 11.8 A* 

48 to 56 hot dogs 
2.2 IO  4.5 ft2 

56 qt 
8 41 
220 IWday 
110 Ib/day 
0.7 
I d  
81 qt 
12 to 76 qt 
300 pattiedh 

6 t o Z @  
300 h a m b u r g 4  
1.8 to3.2f13 

25 to 74 f13 

252 to 336 dinner rolls 
84 to 168 dinner roUs 
48 to 132 qt 
0.65 IO 0.97 ft2 
7.4 to 11.6 qt 
32 to 64 qt 
80 to 320 qt 
24 to 48 qt 
11.6 qt 

1,540 
5,490' 
1,570 
6,140 
1,770 

850 
930 
990 

3,620 
4,570 
2.760 
9,200 
8,300 
3,960 

16.720 
13,650 
9,550 

416 
738 

3,720 
2,560 
8,970 

2,050 lo 4,780 
94 
48 

7,510 
753 

1,670 
10,920 
2,050 
3,750 
2,730 

580 
680 
416 

20,700 
300 
840 
284 

86 50 
109 54 

1,OOO 520 
180 95 
610 340 
610 310 
610 310 
270 140 

1,880 960 

3,750 1,910 
1,500 790 

230 I 1 0  
256 132 

1,420 710 
908 445 

580 - 

2,560 - 
1,260 - 

12,730 - 
170 370 
190 420 
140 330 
150 370 
617 0 

5.490 -- 
140 - 

2,900 1,940 
1,770 - 

850 - 
740 190 
990 - 

1,200 610 
1,840 
1,090 -- 

615 343 
545 308 
340 170 

7,810 5,430 
6,380 4,440 
4,470 3,110 

161 52 
285 95 

9,320 - 
6,410 -- 
8.970 

136 
163 

1,520 
275 
960 
920 
920 
410 

2,830 
580 

5,660 
2,290 

340 
388 

2,130 
1,353 
2560 
1,260 

12730 
540 
610 
470 
520 
617 

5.490 
140 

4,850 
1,770 

850 
930 
990 

!.SI0 
1,840 

958 
853 
510 

13,240 
10.820 
7.580 

213 
380 

9.320 
6.410 
8.970 

1,090 

-- 2,05Ot04,780 - 2,050 tO4.780 
- 94 - 94 
- 48 -- 48 
- 4,950 2,560 7510 
- 300 - 300 
-- 665 - 665 
- 7,200 3,720 10,920 
II 680 340 1.020 
- 480 34 510 
- 340 34 380 

454 - 293 161 
-- 682 - 682 
-_ 142 78 220 
- 1,640 1,050 2,690 
_I 23 16 39 
- 68 45 113 
I_ 94 52 146 

42 
50 

480 
132 
290 
280 
280 
130 
850 

0 
1,810 

725 
1 IO 
123 
680 
416 

0 
0 
0 

170 
190 
150 
170 

0 
0 
0 

1,570 
0 

850 
260 
990 
580 

0 
0 

343 
298 
160 

6,240 
5,080 
3,550 

68 
123 

0 

0 
0 
0 
0 

2.390 
0 
0 

3,480 
328 
150 
110 
218 
216 
68 

784 
13 
32 
45 

a 
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Table 5 Recommended Rates of Heat Gain From 'ippiifai Commercial Cooking Appliances (Conclruied) 
---..----.----__-x__ - __. 

Rate, 
Recommended Rnte i f  Beat Gain,' Btulh - 

Without Hood With Hood --- B w h  
Rated Standby S e d l e  Latent Total Sensible -- size - - I - ~  _____-- _" 

Appliance 

Toaster (bun toasts on one side only) 1400 bun& 5,120 - 2,730 2,420 5,150 1,640 
Toaster (laqp conveyor) 
Toaster (small conveyor) 
Toaster (large pop-up) 
Toastcr ( s m d  popup) 
Waffle imn 
Electric, Exhaust Hood Required 
Broiler (convEyor inhmd), pcr s q u m  foot of cooking ana 
Broiler (single deck infrared), per square foot of broiling area 
Charbroiler, per linear foot of cooking surfax 
Fryer (dcep fat) 
Fryer @rcssurized), per pound of fat capacity 
Oven (full-size convection) 
Oven (large dcck baking with 537 ft3 decks), 

Oven (roasting), per cubic foot of oven space 
Oven (small convection), per cubic foot of ovm space 
Oveo (small dcck baking with 272 ft3 decks), 

Opcn rangc top, per2 clement section 
Range @ot toplfry top). per square foot of cooking surface 
Range (oven section), per cubic foot of oven space 
Griddle, per linm foot of cooking surface 
Gas, No Hood R e q u i d  
Bmilca, per sqnm foot of broiling area 
Cheese melter. per square foot of cooking surfaee 
Dishwasher (hood type, chemical sanitizing). per 100 dsheslh 
Dishwasher (hood type, water sanitizing). per 100 dishes& 

per cubic foot of oven spm 

per cubic foot of oven space 

720 sliccsm 
360 slicesh 
10 slice 
4 slice 
75 in2 

2 to Irnfi' 
2.6 to 9.8 ft2 
2to8linearft 
35 to 5Olh oil 
13to33Ib 

15 to 46 ft3 
7.8 to 23 n3 
1.4 to 5.3 ft3 

7.8 to 23 d 
2 to 6 dements 
4108ft2 
4.2 to 11.3 ft3 
2 lo  8 liw ft 

2.7 f$ 
2Sr05.lft2 
950 to 2,ooO dishes6 
950 lo 2,oM) dish& 

Dishwasher fconvcvor WPC, chemical sanitizind. oer 100 dishes6 5.000 to 9.000 dishedh 
~ - -  - 1  

Dishwasher (conveyor type, water Sanitizing), p a  100 dishes& 
GriddldgriU (large), per squat foot of cooking surface 
Gn'ddldgriil (small), per square foot of cooking surface 

Oven (pizza). per square foot of hwth  
Gas, Exhaust Hood Required 
Braising pan, per quart of capacity 
Broiler, per square foot of brolling area 
Broiler (large conveyor, inbred), per square foot 
of waking anslminute 
Broiler (standard infrared), per squan: foot of broiling area 
Chnrbroilcr (large), per linear foot of coolong area 
Fryer (deep fat) 
Oven (hake dcck), per cubic foot of oven space 
Oven (convection). full size 
Oven (pizza), per square foot of oven hearth 
Oven (roasting), per cubic foot of oven space 
Oven (twin hake deck), per cubic foot of oven space 
Range (burners), per 2 burner section 
Range (hot top or fry top), per square foot of cooking surface 
Range (large stock pot) 
Range (small stock pot) 
Griddle, per linear foot of cooking surface 
Range top, open burner (per 2 burner scction) 
Steam 
Comportment steamer, per pound of food capacityh 
Dishwashex (hood type, chernical sanitizing), pcr 100 dish& 
Dishwashw (hood type, water sanitizing), per 100 dish& 
Dkhwashw (conveyor, chemicnl Sanitizing), per 100 dish& 
Dishwasher (conveyor, waler sanitizing), p a  100 disbe& 

i H o t p h b  

5,ooO to 9,000 dishesh 
4.610 11 8ftz 
2.5 to 4.5 fi2 
2 burners 
6.4 IO 12 9 fiz 

105 to 140 qt 
3.7 to 3 9 rt2 

2 to 102 ft2 
24  to 9.4 ft' 
2 to 8 l inw ft 
35 to 50 oil cap 
5.3 to 16.2 ft3 

9.3 to 25.8 fi2 
9 to 28 ft3 

2 to 10 burners 
3 to 8 R2 
3 burners 
2 burners 
2 to 8 linwfi 
2 to 6 elements 

11 to 22 ft3 

46 to 450 Ih 
950 to &txw, dish& 
950 to 2,000 dish& 
5,000 to 9,000 dish& 
5.000 to 9,000 dish& 

10,920 - 
7,170 - 
18,080 - 
8,430 - 
5,600 --- 

19,230 - 
10,870 - 
11,000 9300 
48,000 2,900 

1565 - 
41,000 4 . W  

1,670 - 
27,350 - 
10,340 - 

2,760 -. 
14,000 4,600 
7,260 - 
3,940 - 

19.500 3,100 

14,800 660b 
10,300 660b 
1,740 660b 
1.740 660b 
1,370 660b 
1,370 660b 

17.000 330 
14.400 330 
19,200 1,3Zb 
4,740 660b 

9,840 66ob 
21.800 530 

5lJ00 1,990 
1,940 530 

36,000 22,OOO 
80,000 5,600 

70,000 29,400 
7,670 660b 

7,240 660b 
4,300 660b 
4,390 660b 

33,600 1.325 
11,800 330 

100,ooO 1,990 
40,000 1,330 
25.ooO 6.300 
40,000 13.600 

280 -" 

3,150 - 
3,150 - 

1,180 - 
500 - 

1,180 

2,900 2,560 
1,910 1,670 
9,590 8,500 
4,470 3,960 
2.390 3.210 

- -  
1. _- 
- I- 
- -  
I .- 
"_ -. 

- -- 
- _ I  

-. - 

- -  
- -  
- 1  

- -- 
- -  

5,310 2,860 
3,690 1,980 

510 200 
570 220 
330 70 
370 80 

1,140 610 
970 510 

11.700 3,470 

39 25 

1,740 
1,160 
5,800 
2,700 
1,770 

3,840 
2,150 
9800 
1,200 

59 
5900 

69 
113 
147 

113 
2,100 
2,690 

160 
1,400 

1.220 
850 
230 
25c 
130 
140 
460 
400 

3.410 
85 

2,430 
1,800 

5,340 
1,600 
3 , 8 N  
1,900 

140 
5,700 

130 
77 
78 

6,590 
3,390 

19,600 
7,830 
1.600 
2,200 

11 
410 
450 
150 
170 

19 
_ _  

stwn keaie, p a  quart of capacity 13 to 32 qt -- 
Sounu: AI- and B r m  (1984). Pisha (19981. 
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Table 6 Recommended Heat Gain from 
Tvpical Medical Equipment __ I-.-- 

Nameplate, Penk, Average, 
W w W EqulplUeIlt 

Anesthesia system 250 177 166 
Blanket wanner 500 504 221 
Blood pressure meter 180 33 . 29 
Blood wanner 360 204 114 
ECG/RESP 1440 54 50 
Elcclrosurgtry lo00 I 47 109 
Endoscope 1688 605 596 
Harmonical scalpel 230 60 59 
Hysteroscopic pump 180 35 34 

-----I___- ---I_ I__ 

Laser sonics 1200 256 229 
optical microscope 330 65 63 

72 21 20 
NIA 198 173 
1800 1063 1050 

Vacuum suction 62 I 337 302 

X-ray sysltm 1725 534 480 
18 x-ray system 2070 

Sbz;: Hosni ~ a l .  (1999). 

X-my system 968 82 

~ 1 _ ~  

Table 7 Recommended Heat Gain from 
Typical Lnboratory Eqaipment 

Nameplate, Peak, Average, 
Equipment w W W 
Analytical balance 7 7 7 
Ontrifuge 138 89 87 

3lectrochemical analyzer 50 45 44 

Flame phorometer 180 107 105 

____ . - _ l ~ . . _ l l _ - - _ l _ ~ _ - ^ - l  

288 136 132 
5500 1176 730 

Electrochemical analyzer 100 85 84 

Fluorescent microscope 150 144 143 
Fluorescent microscope 200 205 178 
Fnnction generator 58 29 29 
Incubator 5 15 461 451 
Incubator 600 479 264 
Incubator 3125 1335 1222 
Orbital shaker 100 16 16 
Oscilloscope 72 38 38 
Oscilloscope 345 99 97 
R o w  evaporator 75 74 73 

Spectrophotomcrer 575 106 104 
Spectrophotomcter 200 122 121 
Spectrophotometer NIA 127 125 
Spectro fluorometer 340 405 395 

Rotary evaporator 94 29 28 
SpcCtIonics 36 31 31 

Thennocycler I840 965 64 1 
Thcrmocycler NIA 233 198 
Tissue culturc 475 132 46 
TESUC culhln 2346 1178 1146 
Sowrc: Homi t t  al (1999). 

area tested Data on actual diversity can be used as a guide, but 
diversity varies significantly witb accupmcy. The proper diversity 
factor for an office of mail order catalog telephone operators is dif- 
ferent from that for an office of sales representatives who travel 
regularly. 

Heat Gain per Unit Area. Wilkins (1998) and Wilkins and 
"fosni (2000) summanjed the recent research on a heat gain per unit 
rea basis. The diversity testing showed that the actual heat gain 
per unit area, or load factor, ranged from O A 4  to 1.08 W/f@, with an 
average ( n o d z e d  based on area) of 0.81 W/&. Spaces tasted 

2001 ASHRAE Fundamentals Handbook 

Table 8 Recommended Heat Gain from 
Typical Computer Equipment 

___________--"I -_I_ 

Continuous, Energy Saver Mode, 
W W 

_ _ ~ " _ 1 1 _ _ _ . _  

Computers' 
Average value 55 20 
Conservative value 65 25 
Highly conservative value 75 30 

Moni(orsb 
Small moniror(l3 lo 15 in.) 55 0 
Medium monitor (16 to 18 in.) 70 0 
h g e  monitor (19 to 20 in.) 0 _---- 80 

S o m c  Hmni ad. (1999). W~udnr and McGafiin (1994). 
'Based on 386,486, aod Pmti~m grade. 
\I).pical values for monitors displaying Wiodaws environment 

Table9 Recomme 
'Qpical Laser Prin 

Continuous, l p a  
- w  

- " ~  

- -l_".._l_-- 
Laser Printers 
Small desktop 130 75 10 
Desktop 215 100 35 
Small office 320 160 70 
Large office 550 275 125 

DesktoD copier 400 85 20 
Copiers 

. -  
300 400 ..-_-- Office copier 1,100 __________ 

Source: Hosni d d. (1999) 

Table 10 Recommended Heat Gain from 
Miscellaneous Office Equipment - . l l ~ - -  

Maximum Input Recommended Rate 
Rating, W of Heat Gain, W 

_____l__l-l - Appliance 
-__I____- 

Mail-processing equipment 
Folding machine 
Insming machine, 

Labeling machine, 

Postage meler 
Vending machines 

Cigarette 
Cold foodbeverage 
Hot bevernge 
Snack 

3,600 to 6,800 piece& 

1,500 to 30,000 picces/li 

Other 
Bar code printer 
Cash ngisfen 
Check processing workstation, 

12 pockets 
Coffee maka, 

Microfiche ruder  
Microfilm reader 
Microfilm renderlprintcr 
Microwave oven, 

Papa shredder 
Water cooIet, 

10 cups 

1 ft3 

125 
600 to 3.300 

600 to 6,600 

230 

72 
1.150 to 1.920 

1,725 
240 fo 275 

440 
60 

4,800 

1,500 

85 
520 

1,150 
600 

250 to 3,000 
700 

80 
390 to 2,150 

390 lo 4,300 

150 

72 
575 to 960 

862 
240 to 275 

370 
48 

2.470 

1,050 W sens., 
1340 Btum Intent 

85 
520 
1,150 
400 

200 to 2.420 
350 
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Table 11 R e ~ m e n d e d  Load Faactors for 
Various "&pes of Offices 

----.I- -- -- 
Load Load 
Density Factor, 
ofoffice W/f't2 Description 
Light 0.5 Assumes 167 fs/workstation (6 workstations per 

1000 ftz) with computer and monitor at each plus 
printer and fax. Computer, monitor, and fax diversity 
0.67, printex diversity 0.33. 

Mcdium 1 Assumes 125 ftz/workstztion (8 wohtations per 
1000 ftz) with computer and monitor at each plus 
printer and fax. Computer, monitor, and fax diversity 
0.75, printer divexsity 0.50. 

-- 

printer and fax diversity 0.50. 
Heavy 2 Assumes 83 ft2/workstation (12 

1000 ft? with computer and mo 
printer and fax. Computer and monitor diversity 1.0, 

- printer nnd fax diversity 0.50. 
S o m :  Wilkins and Md;nBn (1994). 

Fig. 4 Office Equipment Load Faactor Comparison 
( W M n s  and McGafEn 1994) 

were N l y  occupied and highly automated, comprising 21 unique 
areas in five buildings, with a computer and monitor at every work- 
station. Table 11 presents a range of load factors with a subjective 
description of the type of space to which they wodd apply. Table 12 
presents more specific data that can be used to better quantify the 
amount of equipment in a space and the expected load factor. The 
medium load density is likely to be appropriate for most standard 
office spaces. Mediumlheavy or heavy load densities may be 
encountered but can be consided extremely conservative esti- 
mates even for densely populated and highly automated spaces. 

Radiant Convective Split. Hosni et al.. (1999) found that the 
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 pronouncad and immediate in its impact on exposed non- 
opaque surfaces. The calculation of solar heat gain and conduc- 
tive heat transfer through various glazing materials and 
asspciated mounting frames, with or without interior andlor exte- 
nor shading devices, is discussed in Chapter 30. This chapter 

Table 12 Cooling Load Estimates for 
Various Office Inad  Densities 

.ll-_ll__l.l_ -I_.- ----- 

- ~ _ -  
Light Load Densityl 

Computers 6 55 330 0.67 220 
Monitors 6 55 330 0.67 220 
Laserprinter-smalldesktop 1 130 130 0.33 43 

1 15 I5 0.67 10 Fax macbine 
Total Area Load 494 

- 
Recommended equipment load factor = 05 W/ftz -_ - 

Medium Load Density. 
Computers 8 65 520 0.15 390 
Monitors 8 70 560 0.75 420 
Laser printer-dcsk 1 215 215 0.5 108 

1 15 15 0.75 11 Fax machine 
Total Area Load 929 

-- 

Recommended equipment load factor = I D  Wlftz 
I-____- 

M c d i d e a v y  h a d  Densitf 
Compu ters 8 10 65 6.50 1 650 
Monitors 10 70 700 1 700 
Laser printer--small ofice 1 320 320 0.5 160 
Facsimile machine 1 30 30 0 5  15 

Total Area Laad 1525 
__ 

Rccommeoded equipment load factor = 1.5 ~V/fi2 

Heavy Load Dcnsitp 
Computers 12 75 900 1 900 
Moniton 12 80 960 1 960 
h e r  printer-small office 1 320 320 05 160 
Facsimile machine 1 30 30 05 15 

Tot? Area Load 2035 
- 

Recommended equipment load factor = 2.0 W/f$ 
Sourre: W i l h  and McGaffin (1994). 
'SeeTablc I 1  for dcsaiplions of load densities. 

Table 13 Summary of Radiant-Convective Split 
for Office Equipment __I.-- -- - _ _  

Device Fan RadIant Convech've 
Computer Yes I0  to 15%- 85 to 90% 
Monitor No 351040% 60to6.596 
Computer and monitor - 201030% 70to80% 

--- 

Laser printer 
Copier 

Yes 10to20% 80 1090% 
Yes 20to2S% 75 to808 

Fax machine No 3Oto3546 65to70% 

Source: Hosni et a1 ( I  999). 
-- __.I-. 

covers the application of such data to the overall heat gain evalu- 
ation and the conversion of the calculated heat gain into a com- 
posite cooling load for the conditioned space. Table 14 includes 
some useful solar equations. 

Fenestration Direct Solar, DiflTuse 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 
Convenient energy savings through0 
WR Residential Motion Sensor (WR- 

Light meter 
FX-200 llfurninometer (FX-200) 
Occupancy and light logger, PC connector cable included 
IT-200 InteliTirner@ Pro Log= (IT-200) 
PL-100 Power monitor & energy logger with DI-110 personal sensor 
PL-I 00 Plus Load Analvzer (PL-1 00s) 
PL-100 Power monitor 8 energy logger 
~- PL-I 00 Plug Load Analyzer (PL-100) 
Rl-1 IO Personal sensor for PL-100 
- P L-1 00 Plua Load Analvzer (DI-110) 
6 ft black extension cord for PL.-IO0 Plug Load Analyzer 
PL-100 Pluq Load Analyzer (EC-6) 

Energy Auditing Tools 

lsole Plug Load Controls 

Price 

35.00 

Price 

240.00 

260.00 

250.00 @@!@@ 

225 00 

25.00 

15 40 @@@@ 
Price 

90.00 lg@I!gg 

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 u s  at TWS saIes@wattstopper.com ernail to 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 u s  at TWS saIes@wattstower&,qm. to help 
expedite the order with your nearest stocking distributor. 

Home I Newsroom I Cornorate. I Producls & Soiulions 1 Sales & Support I Contact Us I Site Map I Basket 

Copyright 2003, The Watt Stopper All rights reserved 

httr, : //WWW w attstnnner cnm /nrnilii c t c hiivnnwl i ct  html 

mailto:saIes@wattstopper.com
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Product Details 
L 

I_ IDP-3050 Plug Load Control 

Saves energy by controlling desktop 

0 ght outlet powers  
ession and  a pers 

0 

0 ip h a s  lifetime product 

equipment warranty 

System Information 
The  lsole IDP-3050 is a n  energy saving control system which provides 
maximum surge and  noise suppression. It consists of the eight outlet Power 
Strip and  the Personal Sensor.  

Operation 
T h e  IDP-3050 functions by turning office power devices on and off based on 
occupancy T h e  Personal Sensor  connects to the  power strip with the attached 
cable. It automatically turns all connected devices on when the workspace 
becomes  occupied. Connected devices will turn off after the space  is 
unoccupied 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 controlled outlets include computer 
monitors, task lights, space  heaters, fans and other equipment that can b e  
turned off during unoccupied periods. The power strip provides surge and noise 
suppression with a UL 1449 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  

i 
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The Personal Sensor utilizes Wait Stopper's advanced passive infrared 
technology to 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 ASK technology for superior performance and immunity to RFI 
and EMI. Installation for the IDP-3050 system is simple and quick and requires 
no hardwiring. 

Applications 
The lsolit IDP-3050 is energy saving power strip option for the modern office. 
Pow 
rega occupancy. The IDP-3050 his waste in an economical 
manner, thus making standard power str olete. Applications include 
workstations, open office cubicles, offices, and engineering stations. 

st devices in our offices is typically left on throughout the work day 

Specifications 
; six controlled, two uncontrolled 

act relay 
ttable circuit breaker 
s correct wiring and grounding 

0 LED indicates surge protection is functioning 
Eight foot cord, black 

0 Flat offset plug for wire management 
e One uncontrolled outlet and one controlied outlet are wall transformer 
enabled IJL 1449 rating: 330V 
e Circuit: High Energy, Multi-stage hybrid 

Noise filtration 0-25db (94.38%) 
0 Joule rating: 720 Joules 
e Maximum surge amperage: 54,000 Amps 
0 Protection modes: 330V L-N, 330V L-G, 330V N-G 
e Ground protected for safety; will not operate without a grounded outlet 

Response time: instantaneous 
Let through voltage: 140V 

0 Initial clamping voltage: 200V 
LJL & CUL listed 

e Lifetime warranty; $25,000 connected equipment warranty 

e Electrical rating: 12OVAC, 15A, 50/60Hz 

Personal Sensor Specifications 

0 Advanced passive infrared technology 
Fresnel lens 
Coverage of IZO", 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: I 2  VDC 
IJL & CUL listed 

b 5 year warranty 

Product Literature 

Cut Sheets 
- Installation Instructions 
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Information 

Orderinq Information 
- Unit Controls 

__ H w  1 pewsroom I Corporate I products & Solutions I Sales & S U D D O ~ ~  I Contact US I Sik.M_aR Bask4 

A%- 9 
*'"' Campan], ps Copyright 2003. The Watt Stopper All rights reserved 



Technology 
Light Tube Commercial Skylight. 

- ” ” ~ - -  ~ _-.....--___I.--I__-.”- 

Brandsize Lumen Output Equivalent KW 
- _ I ~ ~  -___- 

0.172 Solatube _-. 21” I ~ - - - -  13,500-20,500 2-3LF32T8 172W - *-- 

This technology is essentially a 10” to 21’’ diameter skylight with a prismatic or 
translucent lens that reflects light captured fiom 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. 

48 1.6 
~~ 

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. 

-- 14’ 
lo” 

600~-9100_/l --_ -______-__I- 1-3LF32T8 1 0.086 4 240.8 4 
151.2 

1 1 - - ~  

0.054 _- -”_--- 
3-1 8W quad --- 3000-4600 

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 IO 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 an 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 
ial Skylight program offer ach installed 21” 

gh on a cost per kwh 
avings level compared to 

recommend using 
new construction 

and design can maximize 

California incentives tend 

$25 for the analysis. We see this as mo 
market where installation costs are lower and 
savings. 

cia1 and Industri es tha 
lighting between 1-4PM uring d. 

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

www.Solatube.co~n/solamaster.htm , Daylighting 
McDonald’s case study, manufacturer’s web sites, 
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EV Solar Products 
55 N. Highway 89, Chino Valley, AZ 86323 
: 928-636-2201 fax: 928-636-1 664 
ail: &fo@,evsolar.com 

Tubular Skylights 

- Natural Liaht 

tax credits as a 
These units are installed by the homeowner, or we can arrange 

kits include dome, stress collar, roof jack, 4' light pipe, trim ring, 

he  diffuser is available in soft white or prismatic, please specify at the 

Evening Light Kit - In instances where a room is too small to have both a skylight and light 
tural Light has a solution. Natural light has two light kits available that add either an 
ent or fluorescent bulb inside the light tube and wired to the wall switch. 
Exhaust System - The bathroom is one of the most popular rooms for added light. 

large amounts of warm moist air can be an issue. ural light has developed an 
integrated skylight exhaust system system that once again c 
Super  Vent Fan (SVF) is capable of exhausting 125 CFM. 

ines krJ0 functions in one. The 

10" Kit 
2' Extension pipe 

13" Kit 
2' Extension pipe 

18'' Kit 
2' Extension pipe 

$202.00 
$27.00 

$256.00 
$29.00 

$372.00 
$45.00 

' 21" Kit 
2' Extension pipe 

$480.00 
$58.00 

mailto:fo@,evsolar.com
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Light Kit 
Light Kit - Fluorescent 
Supervent Fan Kit 

$25.00 
$87.00 

$260.00 

All prices subject to change without notice. 
If you would like to place an order please e-mail us or call 928-636-2201. We accept all major 
credit cards. 

Return to Return to 

E-mail EV Solar 

Updated June 25,2002 
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El i t e  Solar Systems 
Tubular Skylights 
& Attic Fans 
310 E. Comstock Dr. 
Chandler, AZ 85225 
Phone 480.6 3 5.9748 
Toll Free: 

Fax 480.635.9767 
866-772-5418 

Products 

We offer a great variety of sizes for 
your residential, commercial and 
industrial needs. We recommend 
10"-13" or 18" sizes for houses with 
fiat or pitched roofs and these sizes 
plus 21" and 24" for commercial and 
industrial buildings with flat roofs. 

10" Tubular skylight perfect for 
laundry rooms which is available 
with a 42 watt flourescent light kit or 
vent. 

Commercial Dealer Info G.QB!Z@ 

Exam pies 

Flashing 

ROC #170005 20" 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. I 
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The Elite 3 in 1 

r u b b e r  
bathrooms and laundry rooms, 

W e  also offer a specially 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 t h e  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. 

A very appealing look. All our ceiling 
and decorative rings are made from 
aluminum and powder coated. 
ALL. ALUMINUM COMPONENTS, 
FLASHINGS, COVERS, 11 OUSINGS, 
COWLINGS AND RINGS. 

3 in 1 un i t  

E l i t e  Solar Powered  
Attic Fan 

E l i t e  So la r  Powered  
Garage  Vent 
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18" Tubular Skylight Ki t  - $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 White Domed Diffuser 

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. f t  

Tube 
Made in the USA 

310 E. Comstock Dr. Chandler, AZ. 
85225 
Phone: 480-635-9748 
Fax : 4 8 0- 6 3 5 - 97 6 7 

CALL FOR WHOLESALE PRICING 

MADE I N  USA 
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Your #I Solatube Source 

Home I 10" Solatube 1 14" Solatube 1 SolallMaster 1 SolarStar I Product Sp..e.cs I Contact 
- us 

D4-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 flashin? for every type of roof. 

All flashings are one-piece fabrications. 
Ten Year warranty on all Solatube skylight components. 

SOLATUBE DIY PRICES INCLUDE SELZPPING/EIA-NDLJPNG IN THE 
CONTINENTAL, 1J.S.A. 

10" DIY Kit: $329.00" 
Includes 10" Basic a t ,  4' INFINITY@ tubing. 
Standard Flashing options: Pitched; 4" tall flat; 6" tall flat. 

IO" Exteiision Tubing: 
To minimize cost and waste, extension tubing is available in two lengths. 
10" - "C" Tubes = 16" length, per section. 
10" - 'ID" Tubes = 24" length, per section. 

$28.00* 
$45.00" 

14" DIY Kit: 
Includes 14" Basic Kit, 4' INFINITY@ tubing. 
Standard Flashinp options; Pitched; 4" tall flat; 6" tall flat. 

14" Extension Tubing: 
, To minimize cost and waste, extension hlbing is available in two lengths. 

14" - "C" Tubes = 16" length, per section. 

14" - "D" Tubes = 24" len,$h, per section. 

z 

$32.00* 
____-- $55.00* 

. ,. ,,.e < ^ A n n  
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cent or fluorescent, 

S 

$80 .OO* 

Energy-efficient, 26 watt CF bulbs. $21.00" 

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 componeiits. 
Unit has an attractive, low-profile ventilation grill. 
Fan motor moves up to 110 cubic feet of air per minute. 
Venhui design maximizes airflow and prevents back draft. 
Quiet, remote mounted fan ensures vibratioii free operation. 
Optional Roof Vent Cap has a protective screen to keep insects out. 

$209.00* 

Sales tax may be extra. Prices Are Subject to Change Without Notice. * 
SOLARSTAR ATORS 

Simply, the worlds finest Solar Powered : mes pre- assembled and ready to 
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Includes: 1 - Pre-assembled unit, fasteners, sealant, instructions. For more information on SOLAR 
STAR, click here! 

SOLAR. The Natural Choice. Clean, Dependable, and Free. 

INNOVATIVE NATTJRAL LIGHTING 

8175520998 
0 Copyright 1999-2003 INL 
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